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Dear Readers,

The fact is: If today’s production and consumption patterns 
do not change, resource scarcity, environmental pollution, 
loss of biodiversity and increased climate change will be the 
consequences. The consumption of resources for our current 
prosperity will exceed the ecological carrying capacity limits 
in the foreseeable future. How we organize production and 
consumption in our economy in the 21st century will thus be 
both a major challenge and an opportunity for Germany!

For a sustainable society, the transformation of value 
creation – from a linear economy to a Circular Economy – is a 
necessary path to a livable and sustainable future for future 
generations as well. This is based on a consistently regener-
ative production, supply and trading chain that ideally does 
not require the use of any new raw materials. For a Circular 
Economy means that raw materials are used as long and as 
frequently as possible, and natural resources are used in a 
closed circle, without needing to use up new resources.

The question of how Germany can be transformed into a 
sustainable Circular Economy by 2030 has already been 
discussed by the Circular Economy Initiative Germany (CEID). 
It lists ten key areas for action, with “standardization” being 
among the most important areas. According to the CEID 
initiative, standards are needed for product design, recycling 
and recyclates, among other things, as well as data standards 
that enable the exchange of information and thus ensure 
transparent material flows. The current federal govern-
ment’s coalition agreement, “Dare more progress,” states: 

“We are bundling existing raw materials policy strategies in 
a ‘National Circular Economy Strategy’. On this basis, we are 
advocating uniform standards in the EU.” 

We are responding to this request with the German Standard-
ization Roadmap Circular Economy presented here. In this 
Roadmap, we address the obstacles and challenges to trans-
formation from a standardization perspective, and identify 
the standardization needs for seven crucial sectors of the Ger-
man economy. Only by setting uniform standards and speci-
fications worldwide can requirements for services, products 
and processes be defined in dialogue with all participants 
along the value chains. Products must be durable, reusable, 
recyclable and, if possible, repairable. As the German federal 
government’s coalition agreement states: “Accelerating the 
development of quality standards for recyclates will create 
new high-value material cycles.”

To sum up: Today’s product is tomorrow’s raw material. This 
also involves thinking in terms of new business models and 
developing them. For new business models to be applied 
in the Circular Economy, standards and specifications are 
needed as a basis because they provide industries that have 
not previously come into contact with each other with a 
common language. This results in better communication and 
an effective exchange of information among market actors, 
for example by laying down requirements for repairable and 
recyclable products, as well as an unambiguous classification 
of materials for manufacturers and recyclers.

Christoph Winterhalter 
DIN Executive Board Chairman 
(CEO)  
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We would especially like to thank the more than 500 authors 
who developed this Standardization Roadmap collaboratively 
and by consensus, thus making this project possible in the 
first place. With this way of working, we as standards organ-
izations want to exemplify the principles of a Circular Econ-
omy: developing innovative approaches collaboratively and 
across existing silos.

We wish our readers an interesting read and look forward to 
active support in the implementation of this Standardization 
Roadmap. For the Roadmap does not mark the end, but 
rather the beginning of the implementation of the standard-
ization needs, which is being consistently driven forward in 
particular by existing expert committees of DIN, DKE and VDI. 
Industry, civil society, science and politics are now invited 
to actively shape the rules of the Circular Economy together. 
We are convinced that standardized rules will support and, in 
part, enable the transformation toward a Circular Economy. 
Let’s take on this challenge together!

Your  
Christoph Winterhalter, Michael Teigeler & Dieter Westerkamp

Christoph Winterhalter,  
DIN Executive Board Chairman (CEO)

Michael Teigeler, 
Chairman of the Board of Directors German Commission  
for Electrical, Electronic & Information Technologies of  
DIN and VDE (DKE)

Dieter Westerkamp,  
Division Head VDI Technology and Society

2 – Standardization Roadmap Circular Economy

FOREWORD



Dear Readers,

the transformation from the linear to the Circular Economy 
is a major challenge. The aim is to close material cycles and 
thus save valuable resources. Many different measures are 
necessary for this: Resource-saving design at the beginning 
of the production process is one measure, as is the collection 
and recycling of products.

Standards and specifications play an important role here. 
They ensure comparability and reliability. They are important 
steering instruments and aids in everyday life: for govern-
ment institutions, business enterprises, research institutes, 
and private individuals alike.

This is where the Standardization Roadmap Circular Economy 
comes in, for it provides a targeted impetus for implementa-
tion towards a Circular Economy. In doing so, it keeps a firm 
eye on environmental protection requirements.

This is entirely in line with the EU Commission’s Circular 
Economy Action Plan (CEAP) which emphasizes the impor-
tance of European standardization in individual sectors such 
as plastics. The German government wants to advance the 
issue of standardization for a genuine Circular Economy in 
the EU and to define requirements for products throughout 
Europe – in dialogue with manufacturers.

At national level, the federal ministry for the environment 
will work with relevant stakeholders to develop a National 
Circular Economy Strategy. In doing so, we want to focus on 
the entire life cycle of products. At every point in the cycle, 
resources should be saved or products reprocessed so that 
they can be returned to the cycle.

With the Standardization Roadmap Circular Economy, impor-
tant preliminary work has been done for this strategy.

The transformation to a true Circular Economy requires all 
players to take part, from manufacturers of products, materi-
als and equipment to waste management companies. These 
players bring different interests and points of view and a wide 
range of know-how to the table. Value chains are to become 
value cycles.

This potential was used for the development of the Stand-
ardization Roadmap Circular Economy: The German Institute 
for Standardization (DIN), the DKE German Commission 
for Electrical, Electronic & Information Technologies (DKE), 
which is supported by VDE, and the Association of German 
Engineers (VDI) brought together all stakeholders to discuss 
and formulate challenges and needs. In this way, they actively 
are supporting the path to a true Circular Economy. Many 
thanks to all participants for their valuable contributions!

 
Your  
Steffi Lemke

Steffi Lemke,  
Federal Minister for the Environment, Nature Conservation, 
Nuclear Safety and Consumer Protection

Steffi Lemke 
Federal Minister for the Environment, Nature Conservation, 
Nuclear Safety and Consumer Protection
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Summary

DIN, DKE and VDI worked for three-quarters of a year with 
more than 500 experts from industry, science, the public sec-
tor and civil society on the Standardization Roadmap Circular 
Economy. The aim of the Roadmap is to create a framework 
for action in standardization that promotes the transforma-
tion toward a Circular Economy and defines international 
framework conditions. This also supports a demand in the 
current federal government’s coalition agreement, “Dare 
more progress,” which states: “We are bundling existing raw 
materials policy strategies in a ‘National Circular Economy 
Strategy’. On this basis, we are advocating uniform standards 
in the EU.” [1]

The Circular Economy is of particular importance in achieving 
the targets of the Green Deal and the Climate Change Act of 
2021. To achieve the ambitious climate protection targets, 
new and revised technical rules for the Circular Economy are 
needed [2]. The Standardization Roadmap Circular Economy 
will set the path for this, thus driving forward the green trans-
formation of Germany and Europe. Standardization has a key 
role to play here, because closed-loop economies require an 
increased level of cooperation and communication among 
the stakeholders along the entire value chain. Standards and 
specifications define interfaces and ensure clear communica-
tion between the different stations in the cycle, thus making a 
smooth cycle possible in the first place.

The present Standardization Roadmap Circular Economy 
was developed in a broad participation process with interdis-
ciplinary actors, and outlines the work and discussion results 
of the key topics. It provides a comprehensive overview of 
the status quo, requirements and challenges for the follow-
ing seven main topics which are oriented towards the EU 
Commission’s Circular Economy Action Plan:
→	 Digitalization/Business Models/Management
→	 Electrotechnology & ICT
→	 Batteries
→	 Packaging
→	 Plastics
→	 Textiles and
→	 Construction & municipalities [4]

Based on extensive standards research (see Chapter 1.6.2), 
the current environment of Circular Economy standardization 
was analyzed for the seven key topics, which served as a basis 
for the work on these topics. With over 200 identified stand-
ardization needs (see Annex: Overview of standardization 
needs), the Roadmap demonstrates concrete potential.

In the course of the work, topics were identified that were 
introduced and discussed cross-sectionally in all key topics.

The five cross-cutting topics of sustainability assessment, 
life extension, end-of-waste, digital product passport (DPP), 
and recyclability were considered in more detail and across 
the board in a separate chapter. At the end of each of the five 
individual cross-cutting topics is an overview with references 
to the relevant standardization needs from the point of view 
of the key topics.

The Standardization Roadmap comes to the conclusion that 
the desired transformation towards the Circular Economy 
can be significantly supported by an early and comprehen-
sive commitment of German stakeholders in national, but 
above all in European and international standardization. With 
the Roadmap, standardization activities can be guided and 
coordinated for the first time along the value chain in the key 
topics examined.

In addition, the Roadmap gives rise to important cross-sec-
toral and specific needs for standardization, which must now 
be implemented Interested experts are expressly invited to 
participate and contribute their knowledge in standardization.
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 1.1 	 What is the Circular Economy?

Against the background of the already existing and growing 
shortage of resources and the dependence on petrochemical 
raw materials, increasing energy, material and resource effi-
ciency is becoming more important. The timeliness of these 
issues is reflected in the fact that they have been included in 
several of the Sustainable Development Goals addressed by 
the United Nations [5]. The Circular Economy offers suitable 
solutions for this. In the European Union, this will be realized 
by the planned implementation of the Circular Economy 
Action Plan in legislation [4]. Raw materials, materials and 
products should be used as efficiently and effectively as pos-
sible to create a sustainable, low-carbon and resource-effi-
cient economy [4]. This transformation involves moving from 
a linear to a circular and networked form of value creation. 
The overarching goal of the Circular Economy is the absolute 
reduction of resource consumption, which is to be achieved 
through various measures (resource-saving design, more 
efficient use of resources, product life extension, etc.) as well 
as the gradual transition to the use of renewable energies. 
In view of a growing shortage of raw materials, economic 
development and the scope of resource use are to be decou-
pled. More efficient use and recycling of resources promotes 
economic development and growth, which can create and 
sustain new jobs in the long run.

The Circular Economy is a rapidly developing area. According-
ly, there is not just one, but a number of definitions that are 
used in parallel Kirchherr et al. analyzed 114 different defini-
tions in a paper [7]. At the international standardization level, 
ISO has defined the Circular Economy as follows: “Economy 
that is restorative and regenerative by design, and which aims 
to keep products, components and materials at their highest 
utility and value at all times, distinguishing between technical 
and biological cycles.” [8]

The Ellen MacArthur Foundation has defined its understand-
ing of Circular Economy broadly as follows: “[The Circular 
Economy is] a systems solution framework that tackles global 
challenges like climate change, biodiversity loss, waste, and 
pollution. It is based on three principles, driven by design: 
eliminate waste and pollution, circulate products and ma-
terials (at their highest value), and regenerate nature. It is 
underpinned by a transition to renewable energy and mate-
rials. Transitioning to a Circular Economy entails decoupling 
economic activity from the consumption of finite resources. 
This represents a systemic shift that builds long-term resil-

ience, generates business and economic opportunities, and 
provides environmental and societal benefits.” [9]

It is likely that different definitions of “Circular Economy” will 
continue to be used in parallel in the future, as different defi-
nitions may also represent different application perspectives 
and user groups. Thus, the ISO definition is also currently still 
under discussion and it is to be expected that the announced 
framework standard ISO 59004 on the Circular Economy will 
contain a modified definition of the term [10]. This Interna-
tional Standard on the Circular Economy could lead to a gen-
erally accepted interpretation and thus reduce the diversity of 
definitions.

 1.2 	 Why do we need a Circular Economy?

Production and consumption are characterized by the con-
cept of linearity: The available resources are extracted from 
nature, transformed into products in multi-layered processes 
and then, after sometimes disproportionately short use, 
accumulate as waste. Plastics, for example, are made from 
crude oil, which has been produced over millions of years and 
from which polymers are elaborately manufactured – only to 
have a short service life in some cases. In Germany, at least, 
this waste is largely disposed of reliably and mostly in an 
environmentally friendly manner – for the direct threats to 
human health and the environment in this country we have 
found technical solutions in recent decades, such as regulated 
landfilling and thermal waste recycling – but this is not yet a 
true Circular Economy as described above.

The linear system was highly successful in the past, especially 
economically, and has brought us unprecedented prosperity, 
if one disregards the associated emissions. However, the sys-
tem is increasingly clearly reaching its limits and has become 
a dead end for a variety of reasons:
→	 From an ecological perspective, it is clear that the 

resource consumption associated with this model is far 
beyond any planetary limits for the long-term survival of 
humanity on Earth [11]. Whereas 2,5 billion people lived 
on Earth in 1950, only half a century later this figure has 
tripled to 7,84 billion. Accordingly, there has been and 
continues to be not only a considerable absolute increase 
in resource consumption, but also a per capita increase. 
According to a United Nations forecast, the world’s pop-
ulation will grow to around 10,4 billion by 2080, meaning 
that resource consumption will reach a level that will 
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The Circular Economy is not an end in itself, but a key lever 
both to address environmental challenges such as climate 
change and biodiversity loss, and to strengthen future 
competitiveness and resource independence through a 
necessary reduction in transport distances and dependence 
on imports. The goals set in both areas of sustainability will 
not be achievable without the transformation to the Circular 
Economy [14].

require innovative solutions [12]. By 2020, humanity as a 
whole will have consumed more than 100 billion tonnes 
of natural resources for the first time, and the use of 
resources such as biomass, ores, and minerals will have 
increased fivefold in just a few decades. According to 
estimates by the International Resource Panel, resource 
consumption is thus responsible for 50 % of all green-
house gas emissions and over 90 % of global species loss-
es. This means that the goal of climate neutrality called 
for by the German Federal Constitutional Court can only 
be achieved within the framework of a Circular Economy, 
cf. Figure 1. Current calculations show that the Circular 
Economy could enable one-third of the necessary 
emissions reductions from industry in Europe by 2050 if 
energy needs are met by renewable and zero-emission 
sources [13]. The energy transition is necessary, but 
must be considered together with a no less challenging 
resource transition in an overall strategy.

→	 In addition, there is the economic necessity of the 
transformation to the Circular Economy: The economic 
symptom of a shortage of raw materials is a rise in prices, 
which can lead not only to purely economic conflicts but 
also to social conflicts and even military conflicts over 
strategically important sources of raw materials. Germany 
will only be able to secure its role as an economically 
strong nation, and especially as an industrial nation, if 
the transition to the Circular Economy is successful. With 
regard to most critical raw materials, Germany is now 
dependent on imports, which is increasingly proving to 
be a risk to the security of supply chains. Added to this 
is the realization by many companies that the compara-
tively simple linear production patterns can probably be 
established or copied more cheaply in other parts of the 
world in the future, but this is just a geographical shift of 
the problem. Against this backdrop, the Circular Economy 
represents a strategic opportunity to develop global inno-
vation leadership that could safeguard competitiveness 
and thus millions of jobs in Germany, Europe and the 
world.

→	 In addition, the Circular Economy is an effective concept 
for achieving climate protection goals. By reducing CO2 
emissions with the help of Circular Economy levers, 
a containment of global warming to 2 degrees can be 
achieved, as modelling for Germany shows in Figure 1. 
Thus, the reduction of resource consumption in a Circular 
Economy is one of several drivers for climate protection 
[14].
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Figure 1: The Circular Economy and the 2° path for Germany 
(Source: Circular Economy Roadmap for Germany, 2011 [14])
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At the same time, countries like the Netherlands show what 
has long been technically possible: The circular material use 
rate there is now 30,9%. In an analysis, the German Federal 
Environment Agency also comes to the conclusion that “the 
transformation towards a Circular Economy in Germany is still 
in an early development phase with little momentum” [17]. 
In particular, it is evident that significantly more money is still 
being spent on optimizing linear processes and products than 
on the transformation to circular value creation [18].

This would urgently require new business models aligned 
with the principles of the Circular Economy: The classic 
concepts of generating revenue by maximizing the sale of 
more and more new products inevitably lead to ever-increas-
ing quantities of waste – no appeals for waste avoidance 
will help here if this would jeopardize the business basis of 
entire companies. What is needed, therefore, are circular 
business models that focus more on the use than on the sale 
of products or on the desired benefits, and thus contribute 
to an absolute reduction in resource consumption: Nobody 
buys packaging for packaging’s sake, but essentially with 
the motivation of acquiring fresh or undamaged goods. 
Such approaches make it possible to provide the necessary 
impetus for truly circular product design, where, for example, 
a longer service life would in effect increase the profit of the 
manufacturing company.

 1.3 	 Trends in the Circular Economy

In view of this need for a Circular Economy outlined in 1.2, the 
progress achieved so far is not yet sufficient. The following 
Figure 2 shows the development of the share of recycled 
materials, the circular material use rate (CMR), in industry 
within Germany. According to the German government’s 
plans, this rate is to be doubled by 2030 – however, this would 
require an annual increase of 1,1%, yet so far only 0,5% has 
been achieved since 2019.

Central topics of the current debates are the uncertainty of 
supply chains and the dependence on Russian imports for 
raw materials such as gas, nickel or palladium, which are 
central to future electromobility. Together with the European 
Union’s self-sufficiency in critical raw materials, which has 
been declining significantly for years, and the sharp down-
ward trend in Circular Economy patents, these are clear 
warning signals that although the Circular Economy is being 
discussed intensively, it is still far from being implemented 
quickly enough. The German government’s Council of Experts 
on the Environment is therefore quite right to say that the 
task will be to move “from rhetoric to practice” in the Circular 
Economy [16].
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Figure 2: Development of the circular material use rate (CMR) in Germany, 2010–2020 (Source: Eurostat 2022 [15])
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integration of recycled materials. This increases the number 
of contributors with whom coordination must take place, as 
well as the number of decisions to be made internally [20]. 
The market potential of the Circular Economy is thus closely 
linked to increasing demands on the management of com-
plexity and the radical transformation of entire value chains. 
Business models geared to short-term profit must thus be 
replaced step-by-step by models that ensure more long-term 
safeguarding of earnings and value creation.

In view of the aforementioned background, standards 
and specifications can make a massive contribution to 
increasing the competitiveness 

The transition from product to service orientation described 
in Figure 3 is extremely complex in its practical implemen-
tation. In the classic linear economy, revenue and profit are 
generated with the sale of ever new products; incentives for 
repairability or longevity are thus understandably limited. 
Circular value creation, on the other hand, relies more on the 
paid use of a product or service. In the sense of “using instead 
of owning”, the company’s profit increases with the extension 
of the product’s useful life.

Such closed-loop thinking requires a massively increased 
level of cooperation and communication between stakehold-
ers along the value chain: Investments in the recyclability 
of a product are worthless if that product is not collected 
and sent to the proper recycling structures following its use. 
This in turn then requires a product design that enables the 

3
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Figure 3: Transition from product orientation to services orientation (product as a service) 
(Source: Along the lines of Tucker (2004) [19])
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requirements in the Ecodesign Directive is explained by the 
fact that no overarching policy instrument has been found for 
the transition to a Circular Economy. This makes the regu-
latory framework on ecodesign one of the first central tools 
in the legal landscape – others will follow. The explanatory 
introduction to the draft regulation refers to an expansion 
of the scope to include (i) new product groups and (ii) new 
product requirements. Accordingly, the new scope is intended 
to cover as broad a range of products as possible and to go 
well beyond the predominantly regulated energy efficiency 
of energy-related products. Other product groups mentioned 
as examples are textiles and, in accompanying events on the 
revision of the Ecodesign Directive, also building materials, 
steel, etc. The aim is to take environmental impacts into 
account throughout the entire life cycle and to increase de-
mand for sustainable products. Increased emphasis is being 
placed on durability, reusability, upgradeability and repaira-
bility – all core elements of a circular product design.

Unlike other EU member states, Germany does not yet have 
an overall strategy for the Circular Economy. In the past, 
numerous programmes and strategies have been developed 
for individual aspects of the Circular Economy, including the 
German Resource Efficiency Program III of the federal gov-
ernment, the waste prevention programme of the federal and 
state governments, the raw materials strategy or the national 
programme for sustainable consumption. However, the large 
number of these individual programmes has not yet pro-
duced a consistent picture of a Circular Economy in Germany 
that would actually guide the actions of industry, for exam-
ple [22]. With regard to the necessary investments in research 
and development as well as in processes and products, there 
is a lack not only of clear priorities and targets, but also of 
market-based instruments that could establish the Circular 
Economy as a successful business model across the board 
(for example, the removal of environmentally harmful subsi-
dies for the linear use of plastics) [17]. [Another bottleneck is 
unclear terminology, a lack of definitions and a lack of stand-
ards as a basis for communication in trade and politics [23].

Against this background, the coalition agreement of the new 
German government contains the announcement of the de-
velopment of a “national Circular Economy strategy” which, 
among other things, is to bundle the various raw materials 
policy strategies [1]. The coalition agreement clearly states 
that the Circular Economy is to make significant contributions 
to climate protection. The reduction of primary raw mate-
rial consumption is mentioned as an important goal. The 
substantive lead for this strategy lies in a newly established 

 1.4 	 National and European implementa-
tion of the Circular Economy

The topic of the Circular Economy is gaining increasing mo-
mentum in the political arena. The European Commission in 
particular has become a key driver in recent years and, with 
the Circular Economy Action Plan, has presented an extremely 
ambitious roadmap to transform the European Union in the 
direction of circular value creation [4]. The concrete quanti-
fied targets include not only halving the volume of residual 
waste by 2030, but also doubling the share of recycled ma-
terials in industry, creating 700,000 new jobs and increasing 
gross value added by 80 billion euros per year. In addition to 
environmental and climate policy, the focus is thus primarily 
on strengthening the competitiveness and innovative capaci-
ty of European industry.

These goals are to be developed through 35 key actions to 
be initiated by 2023, covering the following strategic areas of 
action along the entire value chain:
→	 The development of policy frameworks for circular and 

sustainable products, including a right to repair and the 
extension of the Ecodesign Directive to include aspects of 
product circularity.

→	 Concrete actions on selected value chains such as pack-
aging, vehicles or buildings with specific requirements, 
e.g. on the share of recycled materials.

→	 The adaptation of classic waste law instruments in the 
sense of a Circular Economy, for example the specifica-
tion of quantified waste prevention targets in addition to 
the existing recycling quotas, or the adaptation of waste 
management plans.

→	 Targeted support for cities and regions as key partici-
pants in the transformation to the Circular Economy, 
as well as global initiatives such as support for a global 
agreement on plastic.

→	 Linking the Circular Economy with other megatrends 
such as climate neutrality or digitalization, for example in 
the development of digital product passports.

The European Commission has thus set a strategic frame-
work, which must, however, subsequently be implemented 
through concrete legislative processes. One example of 
implementation is the draft regulation on the revision of the 
Ecodesign Directive published in March 2022 [21]. Among the 
reasons given for the very far-reaching revision of the Direc-
tive are the above-mentioned implementation of the Euro-
pean Green Deal and the Circular Economy Action Plan [4]. 
In summary, the motivation for implementing new product 
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Implementation of the Circular Economy in other 
countries

The Circular Economy in the Netherlands

The Netherlands is considered a global pioneer in the 
transformation to a Circular Economy; for example, the 
circular material use rate (the proportion of recycled ma-
terials in industry) is over 30 %, more than twice as high 
as in Germany. Also, as a country poor in raw materials, 
the Netherlands already developed a Circular Econo-
my programme in 2016, for which an implementation 
programme defined through an intensive stakeholder 
process was also adopted in 2019; special focus was 
placed on the participation of all relevant stakeholder 
groups. Among other things, the specific goal of halving 
the use of abiotic primary raw materials by 2030 was 
defined there [24]. This extremely ambitious goal is to 
be achieved through a clear focus on individual value 
chains with transformation agendas worked out in detail 
(food/biomass, plastics, manufacturing, consumer 
goods, construction); linked here, for example, with the 
goal of completely avoiding the (net) outflow of critical 
raw materials from the Netherlands by 2030 and the 
development of corresponding financing programmes 
for the manufacturing industry [25].

“Transformation” department in the Federal Ministry for the 
Environment – the substantive claim could thus be much 
broader than the hazard prevention of waste law; a strategy 
formulated in this way would go beyond the claim of proac-
tively shaping value chains in terms of climate and resource 
protection as well as others. Currently under discussion are 
key issues such as a recycling label, digital product passports, 
mandatory guarantee statements and the certification of 
recycling plants in combination with the export of waste.

The coalition agreement refers in several places to the 
relevance of standardization at national, European and 
global level.

The basis for the successes already achieved is, on the 
one hand, a very well-positioned innovation ecosystem, 
including research institutions such as Delft University of 
Technology, which developed interdisciplinary and ap-
plication-oriented offerings on the topic of the Circular 
Economy at a very early stage. On the other hand, there 
is also a high level of social acceptance for the need for 
a Circular Economy, which has led to its implementation 
in national concepts such as the Green Deals [26], which 
enable the suspension of individual regulatory barriers 
at the regional level if this results in significant potential 
for the Circular Economy [27]. This has benefited indus-
trial symbioses in particular, which often fail in Germany 
due to very small-scale regulations on waste shipments. 
Circular Economy processes at the local level, such as 
in Amsterdam, make the benefits of a Circular Economy 
very practical for the general population to experience.

The Circular Economy in France

France is strongly committed to the Circular Economy, 
but with a significantly different, more top-down ap-
proach than the Netherlands, for example. The “Law for 
the Fight against Waste and for the Circular Economy” 
[28] adopted in 2020 strongly targets regulatory require-
ments enforced by the French central government [29].
Single-use plastics are to be completely eliminated from 
the market by 2040; a 100 % recycling rate for plastics is 
to be achieved by 2025. In many areas, the law puts the 
onus on manufacturing companies, for example through 
a system of extended producer responsibility (EPR) for 
textiles. The various EPR systems are also expected to 
finance a fund in the future, which will then actively 
promote the formation of reuse networks. However, the 
disposal of still usable products will be prohibited; veri-
fiable attempts at planned obsolescence of products will 
also be prosecuted. At the same time, there are require-
ments for retailers that, for example, unsold food must 
be handed over to appropriate initiatives. A mandatory 
repairability index for electronic products is intended to 
enable consumers to factor service life extensibility into 
their purchasing decisions.
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China joined ISO back in 1978, and has become increas-
ingly involved in international standardization over 
the past decade. As of July 2022, the Standardization 
Administration of the People’s Republic of China (SAC) 
was a member of 811 ISO committees, of which SAC 
provides the secretariat in 76 committees and actively 
participates in 723. If we look exclusively at committees 
in the fields of resources and materials, it is also evi-
dent here that standardization in these areas is of great 
importance to China. In the field of “Ores and Metals” 
SAC runs ten secretariats and actively participates in 
52 committees, in the field of “Non-Metallic Materials” 
it runs eight secretariats and actively participates in an-
other 34 committees. At China’s suggestion, a number of 
new technical committees were also established in ISO 
between 2015 and 2022, such as the Technical Commit-
tees on rare earths in 2015, karst in 2018, and lithium in 
2020 [30].

 1.5 	 Standardization in the  
Circular Economy

 1.5.1 	 Objectives and content of  
the Standardization Roadmap  
Circular Economy

The Standardization Roadmap Circular Economy forms the 
basis for a subsequent implementation programme, which is 
intended to initiate concrete standardization projects on the 
basis of the Roadmap and to initiate the rapid transferability 
of knowledge gained into German, European and Interna-
tional Standards and test criteria. Central topics include
→	 standards for a design 4 circularity at material, product, 

process level,
→	 quality standards for the scalable use of high-quality 

secondary raw materials, and
→	 technical standards for the provision and exchange of 

digital data.

Standards and specifications play a central role in the trans-
formation to a Circular Economy and a more sustainable 
economy, which is also reflected in the EU Commission’s 
standardization strategy. This changeover to new circular 
business models requires innovations, which standardization 
must also take into account. In addition to the task of describ-
ing the state of the art and best practice examples, stand-

The Circular Economy in China

In China, people began to look at Circular Economy 
issues as early as the late 1990s. The main reasons for 
the importance of this issue are the enormous popula-
tion of over 1,4 billion, the country’s limited resources, 
which must be used as efficiently as possible, and the 
serious negative impact on China’s environment as a 
consequence of rapid economic development since the 
country opened up in the late 1970s. 

In 2008, the Circular Economy Promotion Law was pub-
lished, which defines the 3 R-strategies as the core of the 
Circular Economy, i.e. “reduce”, “reuse” and “recycle”. 
The main goal of this early phase of Circular Economy 
initiatives was to increase resource productivity and, 
in particular, energy efficiency as part of an expansive 
growth strategy. Later, additional goals such as increas-
ing the circularity of industrial systems, especially in the 
context of industrial parks, were added with the aim of 
transforming them into circular eco-industrial parks.

Developments towards the Circular Economy in China 
are strongly driven by the state and are characterized by 
a top-down approach. Nevertheless, local agencies at 
the provincial, city, and county levels have the oppor-
tunity to experiment and find solutions appropriate to 
local conditions within the framework of national policy 
guidelines. Conversely, locally developed approaches 
can then be generalized in the form of demonstration 
projects and find further application in other parts of 
the country or at the national level. In contrast to the 
European approach of the Circular Economy with a focus 
on resource efficiency and waste management, pollution 
prevention has always been considered an essential part 
of the Circular Economy in China.

As part of the Circular Economy development, China has 
developed standards and indicator systems to measure 
the productivity of essential resources such as fossil fu-
els, metals, minerals, and biomass, as well as indicators 
on recycling rates and aspects of the recycling industry. 
China has standards for circular management and 
industrial park performance evaluation, among others. 
In addition, there are various standards, e.g. for “repair”, 
“remanufacturing” and “recycling” for different product 
groups.
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 1.5.2 	 Role of standardization

Standardization has an essential role to play in the transfor-
mation: Standards create a uniform understanding of the 
Circular Economy. They help to break down existing barriers, 
most of which are technical. Figure 4 shows the general 
mode of action of standards and specifications as a catalyst 
for innovation and the transfer of knowledge for economic, 
social and environmental purposes. These standards and 
specifications can support transformation processes toward 
a Circular Economy.

In general, standards and specifications have the following 
functions [40]:
→	 they codify knowledge that then becomes available to 

companies; regular updates of standards ensure that this 
knowledge is reviewed and updated as necessary;

→	 they reduce product diversity and thus allow investments 
to be concentrated on successful products, which helps 
to expand the market;

→	 they formulate basic requirements for the quality of 
products and services;

→	 they define compatibility requirements, which enables 
connectivity of products to network products and their 
interchangeability;

→	 they contribute to the continuity and incremental innova-
tion of technical systems, thus safeguarding investments 
made and existing infrastructure.

ardization also has the duty to create a framework for future 
technological developments. Harmonized rules promote the 
recognition of innovative technologies among governments, 
consumers, manufacturing companies and institutions, and 
create transparency and trust. A common language created 
through standardization based on technical facts makes it 
easier for new, innovative technologies to enter the market 
globally. Standardization must not under any circumstances 
create market barriers, but rather has the task of supporting 
and enabling the upscaling of new technologies.

The timing for integrating new, innovative technologies into 
standardization is crucial and must be precisely adjusted. 
Standardization projects can be started at any time, but the 
standardization process today is not very agile and thus 
standards cannot be adapted to technical developments 
at short notice. The development of new standards is also 
relatively long and complicated. The integration of new 
technologies into standards must therefore be planned and 
prepared at an early stage. A Standardization Roadmap with 
a coordinated strategy is therefore an important strategic tool 
for innovative technologies.

Knowledge development

Standardization

Implementation of 
standards and specifications

PROVIDING KNOWLEDGE

Challenges
(from industry, society, environment)

Effects
(on industry, society, environment)

CHANGE

Knowledge and 
standardization processes Social processes

TRANSFER OF KNOWLEDGE

Figure 4: Effectiveness of standards and specifications (Source: DIN)
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protection and the public sector). At the beginning there is 
always a need of the stakeholders. Standards also play an 
important role as instruments for legislators to support and 
implement legal regulations and provisions.

In terms of full consensus-based standardization, ISO [34], 
IEC [35] and ITU [36] are the authoritative standardization 
organizations at international level. The corresponding 
standardization organizations at European level are CEN [37], 
CENELEC [38] and ETSI [39]. The respective national stand-
ards organizations are members of ISO, IEC, CEN and 
CENELEC (see Figure 5).

As technical rules, standards are the result of national, Euro-
pean or international standardization work and are developed 
by committees according to defined principles, procedures 
and rules of presentation. All interested parties, such as manu-
facturing companies, consumers, the trades, universities, re-
search institutes, authorities, testing institutes, , associations 
etc., can participate in the work of the committees. Standards 
are developed by consensus. This means that experts come 
to agreement on the state of the art and on standards con-
tents that take the interests of all stakeholders into consid-
eration. Whenever possible, International Standards should 
be developed and applied in preference to European or 
national standards, since they ensure a common understand-
ing among market participants worldwide and thus support 
the dismantling of trade barriers. All standardization docu-

Standards and specifications also support the alignment of 
corporate strategies and the ability to achieve competitive 
advantages at an early stage. In addition, standardized 
test methods increase the comparability of products and 
services from different providers. If there are legal provisions, 
standardized test methods provide a basis for companies to 
demonstrate product conformity. This provides a basis for fair 
competition and appropriate market monitoring.

Taking into account standards and specifications, products 
and services can be made more recyclable from the ground 
up. At the same time, the expertise gathered in the standards 
enables the standardization bodies to make a well-founded 
entry into the aspects of the Circular Economy and to link up 
with the current state of development and knowledge from 
industry and science. Duplication of work and undesirable 
developments are avoided, and effective and efficient trans-
formation is promoted, because “detours of thought save 
detours of action” [33].

 1.5.3 	 National, European and international 
standardization environment

Standards and specifications are developed in various organ-
izations at different levels (national, European, international) 
in self-administration by the stakeholders (e.g. science and 
research, industry, environmental protection, consumer 

ISO: International Organization for
Standardization

IEC: International Electrotechnical
Commission

ITU: International Telecommunications 
Union

CEN: European Committee for
Standardization

CENELEC: European Committee for 
Electrotechnical Standardization

ETSI: European Telecommunications 
Standards Institute

DIN: German Institute for Standardization

DKE: German Commission for Electrical, 
Electronic & Information Technologies 

DIN and DKE represent German interests in 
European and international standardization.

NATIONAL

EUROPEAN

Mechanical engineering

Building industry

Services

Information technology

Aerospace

Medical technology

Fine mechanics

and more than 70 further topics

INTERNATIONAL

Electrotechnology

Telecommunications

Figure 5: Organization chart of international standardization (Source: DIN)
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DIN promotes the marketability of innovative solutions 
through standardization in areas such as artificial intelligence 
(AI), climate change and the Circular Economy, often within the 
framework of research programmes. DIN SPECs (DIN Specifi
cations) promote and accelerate knowledge and technology 
transfer, especially in areas with a high degree of innovation.

The standardization of the basic principles of the Circular 
Economy takes place at national level in the DIN Standards 
Committee Principles of Environmental Protection (NAGUS) 
in NA 172-00-14-01 AK “Circular Economy”. This working 
group mirrors the activities of the international technical 
committee ISO/TC 323 “Circular Economy”. The working 
groups of ISO/TC 323 deal with topics such as terminology, 
principles for implementation, business models, and frame-
works for measuring circularity.

At European level, the CEN/CENELEC Strategic Advisory Body 
on Environment (SABE) is responsible for strategic environ-
mental issues, and is concerned with the identification and 
coordination of ongoing activities and the identification of 
standardization needs. One focus of SABE is the exchange of 
information between the relevant stakeholders in environ
mental policy and standardization in Europe. SABE is in 
regular contact with the European Commission and has set 
itself the goal of addressing the issues of the Green Deal in 
particular. In this context, the Circular Economy Topic Group 
(CE-TG) was launched by SABE.

In addition, other European committees and national mirror 
committees focusing on specific product groups were estab-
lished last year, such as the working groups CEN/TC 248/WG 39 
“Circular Economy for textile products and the textile value 
chain” and CEN/TC 207/WG 10 “Requirements and methods 
for the circularity of furniture” (see also Chapter Standardiza-
tion bodies in the context of the Circular Economy).

DKE, CENELEC and IEC
DKE, the German Commission for Electrical, Electronic & 
Information Technologies of VDE and DIN was founded in 
1970 and works on the basis of the “Standards Agreement” 
of 1975 between the Federal Republic of Germany and DIN. 
DKE is an organ of DIN. In addition, the DKE is a division of the 
VDE Verband der Elektrotechnik Elektronik Informationstech-
nik e. V. (Association for Electrical, Electronic & Information 
Technologies) and is supported by the VDE.

In Germany, the DKE is responsible for standardization work 
in the field of electrical engineering, electronics and informa-

ments of the national standards organizations (DIN/DKE), the 
European standards organizations (CEN/CENELEC/ETSI) and 
the international standards organizations (ISO/IEC/ITU) are 
referred to as “standards” in the context of this Roadmap.

The general term “specifications” refers to all other technical 
rules such as technical reports (TR), pre-standards, technical 
specifications (TS, DIN SPEC), consortial standards, applica-
tion rules (AR), guidelines, expert recommendations, etc., for 
the preparation and publication of which the above-men-
tioned organizations as well as other organizations and 
technical rule setters may be responsible. For example, topics 
that have not yet fully arrived on the market or whose market 
does not yet exist are dealt with in consortial standards. 
Compliance with the principles of standardization work, such 
as full consensus and participation of all stakeholders, is not 
mandatory for specifications.

DIN, CEN and ISO
DIN, the German Institute for Standardization, is the 
independent platform for standardization in Germany and 
worldwide. DIN brings together around 36,000 experts from 
business and research, consumers and the public sector, who 
contribute their expertise to the development of standards 
and specifications. DIN thus provides the “round table” 
for experts and, as a privately organized service provider, 
assumes the project management for the development of 
technical rules.

The end result are standards and specifications that help to 
reduce trade barriers, save costs, ensure quality, and protect 
society and the environment. In addition, they contribute to 
safety and security, and promote understanding.

Since 1975, by agreement with the German federal govern-
ment, DIN is acknowledged as the sole national standards 
body that represents German interests in European and 
international standardization.

Today, almost ninety percent of the standards work now 
carried out by DIN is European and international in nature. As 
a service provider, DIN organizes the entire process of non-
electrotechnical standardization at national level and ensures 
German participation at European and international level 
via the relevant national bodies. Standards are developed by 
those who will later use them. The principles of DIN’s stand-
ardization work, such as the participation of all stakeholders, 
openness and consensus, ensure confidence in the market 
and that standards are applied.
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of science, are usually described in two languages (German 
and English). The VDI expert network (over 12,000 experts) 
from science, industry and the public sector develops VDI 
guidelines on a voluntary and interdisciplinary basis. In doing 
so, the individual committees follow the internationally 
established standardization process. Through VDI guidelines, 
a consolidated national position is developed, if necessary 
as preparatory work for European/international standardiza-
tion projects. Agreements between VDI and DIN exist for this 
purpose.

The VDI is involved, for example, with technology-relevant 
aspects such as the transformation of energy supply, climate 
protection, digitalization, and environmentally friendly and 
resource-efficient production. Recommendations and specifi-
cations are derived based on this work.

The topic of the Circular Economy is at home in many bodies 
of the VDI. This is because products of all kinds should be 
brought to their greatest use and value through innovative 
technologies and kept in circulation. Many of the 12,000 
voluntary committee members active in the VDI from cross-
sectional technologies such as materials technology and 
production engineering, and sector-oriented technologies 
such as construction engineering, energy technology and 
automotive engineering are therefore also closely involved in 
developing technical solutions for establishing circular value 
creation. The VDI considers this topic with stakeholders from 
different industries and from different perspectives in order 
to turn value chains into well-coordinated value networks. In 
addition to the publication of VDI guidelines, the VDI creates 
a broad transfer of knowledge through specialist confer-
ences, congresses and workshops. And with its statements, 
status reports and roadmaps, the VDI provides information 
on current topics to all experts and interested parties from 
society, the media, industry and politics. The topic of the 
Circular Economy is at home at the VDI under the umbrella 
of the VDI-Gesellschaft Energie und Umwelt (VDI-GEU) (VDI 
Society Energy and the Environment). Complex topics such 
as the transformation of energy supply, climate protection as 
well as environmentally compatible and resource-efficient 
production are dealt with at VDI-GEU in the four specialist 
areas of Energy Technology, Environmental Technology, 
Operational Safety Management and Integral Energy and En-
vironmental Topics as well as in 48 working bodies (see also 
Chapter Standardization bodies in the context of the Circular 
Economy).

tion technology at international, European and national level. 
As a competence centre for electrotechnical standardization, 
DKE represents the interests of German industry in European 
(CENELEC, ETSI) and international standards organizations 
(IEC).

DKE is a non-profit service organization promoting the safe 
and rational generation, distribution and use of electricity, 
serving the interests of the general public.

DKE’s task is to develop and publish standards in the fields 
of electrical and electronic engineering and information 
technology. The results of the electrotechnical standardiza-
tion work of the DKE are laid down in DIN Standards, which 
are included in DIN’s body of German Standards and, if they 
contain safety-related specifications, at the same time as VDE 
provisions in the body of VDE regulations.

Standardization of electrical engineering fundamentals relat-
ing to the Circular Economy takes place at international level 
in IEC/TC 111 “Environmental standardization for electrical 
and electronic products and systems”.

At European level, CLC/TC 111X “Environment“ deals with 
Circular Economy topics.

Nationally, the activities of the above-mentioned committees 
are mirrored in DKE/K 191 “Environmental protection and 
sustainability for products in electrical engineering, electron-
ics, information technology” (see also Chapter Standardiza-
tion bodies in the context of the Circular Economy).

VDI
The Association of German Engineers (VDI), Europe’s larg-
est technical-scientific association with around 135,000 
individual members, founded in 1856, is the third largest 
technical rule-setter in Germany. With its VDI guidelines, it 
creates generally recognized standards with assessment 
and evaluation criteria as well as methodological principles 
for almost all industries, and also provides concrete recom-
mendations for action across national borders. In the 12 VDI 
“Fachgesellschaften” with their 46 “Fachbereichen” and 
about 600 committees, the topics range from architecture, 
construction technology, bionics, plastics technology, energy 
and environmental technology to reliability.

The body of VDI guidelines currently contains more than 
2,200 valid documents. In VDI guidelines, the state of the art 
of current and future developments, and the state of the art 
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→	 organizing the handling of European and international 
projects and the mirroring of CEN/CENELEC and ISO/IEC 
bodies at DIN and DKE – the decision-making freedom of 
DIN and DKE management bodies (e.g. advisory boards, 
technical advisory boards, steering committees) remains 
unaffected;

→	 identifying new fields of work at national, European and 
international level;

→	 making recommendations as to which body should take 
the lead in standardization activities or whether a new 
body should be established and which other DIN and/or 
DKE bodies should be involved;

→	 working together with the relevant DIN and DKE bodies 
to avoid duplication or contradictory specifications in the 
standards to be developed;

→	 making recommendations (including content) to the 
responsible DIN or DKE (working) committees on how to 
vote on national, European and international projects, 
with the final decision being made by the technically 
responsible committee;

→	 developing, adopting and publishing an action plan, and 
periodically reviewing it for currency and updating it as 
necessary.

 

 1.5.4 	 DIN/DKE advisory board Circular Economy 
in DIN’s Environmental Protection  
Helpdesk (EPH)

A wide range of committees at ISO, IEC, CEN, CENELEC, DIN, 
DKE and VDI are already dealing with the cross-cutting issue 
of the Circular Economy. However, the interest in standard-
ization is often limited to one’s own product group, so that 
the topic of the Circular Economy is only dealt with in part. 
At the same time, however, it is also clear that sector-specific 
interests of the respective bodies must fit into an overall 
context. And when many deal with the “same thing,” duplica-
tion of effort is to be avoided, as are conflicting decisions, in 
other words: coordination, communication and cooperation 
are necessary! For this reason, the Expert Advisory Board 2 
“DIN/DKE Expert Advisory Board Circular Economy” was 
founded within the DIN Environmental Protection Help-
desk (EPH) on January 20, 2021. It acts as a central point of 
contact for the pooling and dissemination of information on 
standardization activities relevant to the Circular Economy 
and performs the following tasks, among others:
→	 coordinating the technical work within the relevant DIN 

and DKE bodies, as well as the current and future stand-
ardization projects at national level;

Make recommendations

Central contact point

Tasks of Advisory Board 2

1

Coordinate expert work
2

3

Avoid duplication of work
4

Identify new fields of work
5

Organize international 
cooperation

6

Action plan
7

EPH Chair 

EPH Advisory Board 1
"Environmental Protection

EPH Management 
Board

Implementation programme 
Standardization Roadmap 

Circular Economy

EPH Advisory Board 2 
"DIN/DKE Advisory Board

Circular Economy“

Figure 6: Tasks and organization of the DIN/DKE advisory board Circular Economy in DIN’s Environmental Protection  
Helpdesk (EPH) (Source: DIN)
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DIN SPEC 91446, Classification of recycled plastics by 
Data Quality Levels for use and (digital) trading [49]

There are clear deficits in the recycling of plastics – 
large quantities of the material do not make it into the 
recycling circuit, but end up in incineration or even in 
the world's oceans. This is because processing plastic 
waste into recyclates that can be used again in products 
of equal or higher value remains a challenge today. The 
material quality varies, and for a long time there was no 
uniform description of recyclates of all polymer types 
that were graded according to the depth of informa-
tion – that makes compliance with quality requirements 
cumbersome and difficult to demonstrate. 

Due to the inadequate data basis, companies producing 
recyclates usually have to enter into individual produc-
tion and supply relationships with a customer.

DIN SPEC 91446 [49] changes this and removes barriers 
to industrial use. For the first time, it describes a com-
mon system for all market participants to classify plastic 
recyclates according to the amount of data with stand-
ardized material characterization. This allows material 
to be classified according to four different data quality 
levels. In addition, the DIN SPEC contains rules for terms 
that are not clearly defined (or are differently used) for 
input material, recycling processes and plastic recycled 
plastics as materials. The specification is intended to 
serve all stakeholders along the value chain as a com-
mon language for consistent communication and (digi-
tal) trade in recyclates.

VDI 2074, Recycling in the building services [51]

The guideline VDI 2074 provides guidance on creating 
cycles for the individual phases of the life cycle of build-
ings and facilities by identifying possible contributions for 
all those involved in planning, construction, use and mod-
ernization or dismantling. It pursues an integrated ap-
proach taking into account a comprehensive value-added 
concept and covers the manufacture of components, the 
planning and execution of construction measures and 
dismantling, as well as the collection and processing of 
end-of-life products. The guideline takes the recycling 
approach into account by giving preference to material 
recovery. Costs can be saved by avoiding handling and 
landfill costs with regional disposal companies.

The DIN/DKE Expert Advisory Board Circular Economy in the 
EPH is composed of representatives of the DIN standards 
committees, DKE committees, the VDI, the Federal Ministry 
for the Environment, Nature Conservation, Nuclear Safety 
and Consumer Protection (BMUV), the Federal Ministry for 
Economic Affairs and Climate Action (BMWK), the Federal 
Environment Agency (UBA), and other experts from the stake-
holders (e.g. the public sector, industry, environmental and 
consumer associations, science). The Standardization Road-
map Circular Economy is a first project under the auspices of 
the DIN/DKE Circular Economy Expert Advisory Board in the 
EPH.

 1.5.5 	 Standards for the Circular Economy:  
Five practical examples

The success of a good idea often depends on how long it 
takes to reach the market. With standards and specifications, 
companies and organizations – from start-ups and SMEs to 
large corporations or research institutions – set guidelines for 
orientation.

Requirements described in standards and specifications with 
regard to quality, interfaces and safety, for example, can thus 
accelerate product development and dissemination, i.e. the 
implementation of innovations, and provide security in the 
application of the products based on them. Especially in such 
a time-critical subject area as the Circular Economy, decisive 
steps can be taken that lead to trust in circular products and 
services.

By participating in international standardization, it is possible 
both to support technological developments and to attempt 
to give German innovations international recognition. Here 
we give examples of the great relevance of standards to the 
Circular Economy:
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Another advantage for buyers and sellers are the speci-
fied tolerance limits – this saves individual agreements 
between the two parties. 

After problems with mineral oil residues arose in 
the use of recovered paper in the packaging sector, 
DIN SPEC 5010 specified sampling and measurement 
methods that can also be used to check the usability of 
packaging [48].

DIN VDE V 0510-100, Safety of lithium-ion batteries 
from electrically propelled road vehicles for use in 
stationary applications [50]

When EV batteries for road vehicles have reached 80 % of 
their original energy storage capacity, they are no longer 
considered suitable for this application by automotive 
manufacturers. However, the storage capacity is abso-
lutely sufficient on a long-term basis for other stationary 
applications (2nd use/repurposing). This draft national 
prestandard provides basic safety requirements for this 
repurposing, e.g., in industry as temporary or auxiliary 
storage. The draft was published in 2021. Publication 
as a prestandard will take place in the next few months. 
This national prestandard will also be introduced at 
international level. The standard helps to take into ac-
count the widely differing requirements for batteries for 
electric vehicles (e.g. vehicle approval regulations) and 
the additional conformity requirements in the stationary 
sector. The document refers to industrial storages which 
are not accessible for laypersons.

VDI 2343 series, Recycling of electrical and electronic 
products [52]

Parts 1 to 7 of the VDI 2343 series of guidelines provide 
all concerned parties with recommendations for action 
on the recycling of electrical and electronic products. It 
specifies the terms used in waste electrical and electron-
ic equipment (WEEE) recycling, describes the necessary 
planning and processes of logistics and the structures for 
the efficient collection of WEEE, the operation of collec-
tion points and/or transfer points as well as the transfer 
to treatment plants from an economic and ecological 
point of view. It provides instructions for the disman-
tling of WEEE and for the treatment of WEEE and takes 
into account provisions and influences such as the legal 
framework, requirements of manufacturing companies, 
sales markets for recovered material streams, and the 
type and depth of dismantling. In addition, the guideline 
provides concrete instructions and recommendations for 
the recycling of materials and energy from waste elec-
trical and electronic equipment in line with the current 
legal situation, and shows that the stock of raw materials 
for the manufacture of products can be conserved by 
using natural resources sparingly and that additional 
resources can be saved if products are used repeatedly.

DIN EN 643, Paper and board – European list of 
standard grades of paper and board for recycling [6]

DIN EN 643 [6] provides guidance for the waste man-
agement industry, trade, the paper industry and other 
organizations in the waste paper sector. It provides 
support in the purchase and sale of paper for recycling 
and is, in particular, the basis for business between the 
supplier and the manufacturer of paper and board. Be-
cause DIN EN 643 specifies grades of paper for recycling, 
the raw material labelled according to the standard 
can be used in recycling without additional presorting. 
Manufacturing companies can rely on the purity of the 
standardized paper grade and produce appropriate 
paper grades on this basis. Customs authorities and tax 
officials also benefit from DIN EN 643: They need to dis-
tinguish between raw material and waste in the context 
of cross-border regulations and waste shipment control. 
DIN EN 643 defines “prohibited materials” and the limits 
for non-paper components, so that the paper for recy-
cling can be clearly identified as a raw material. 
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The governance structure of the Circular Eco-nomy standard-
ization roadmap can be seen in Figure 7. The composition of 
the stakeholders, participants in the working groups (WGs) 
and breakdown of the authors is shown in the following 
Figure 8:

After an initial clustering of topics, the operational develop-
ment shifted for the most part to sub-working groups, which 
are organized by product group or process. Together with 
the interested experts, the topic-specific heads recorded the 
concrete needs and identified interfaces to other WGs and 
sub-WGs together with the WG heads. The Working Groups 
Electrical Engineering & ICT and Batteries did not have any 
sub-working groups.

It should be noted that the process and needs assessment 
consisted of the existing knowledge of the collaborating 
experts. Thus, background research was not possible on the 
breadth of topics and was dependent on the knowledge level 
of the experts and their individual availability and participa-
tion in working meetings.

 1.6.2 	 Standards research on the  
Circular Economy

In preparation for the working meetings, DIN, DKE and VDI 
conducted a broad-based research on existing standards 
and specifications on the Circular Economy. The entire body 
of national and international standards was scanned and 
evaluated for relevant Circular Economy standards. A total of 
280 sets of rules with over 700,000 current references were 
researched, making this the most comprehensive standards 
database in the world:

The total result of 3,313 basic titles was manually checked 
for relevance by DIN, DKE and VDI and assigned to the seven 
working groups and superordinate topic areas. A total of 
2,101 documents were deemed relevant after the qualitative 
review. These were reviewed by the experts in the working 

 1.6 	 Methodical approach  
of the Standardization Roadmap  
Circular Economy

 1.6.1 	 Project structure

The participation of experts from all relevant areas is the 
essential basis for drawing up the Standardization Roadmap. 
The stakeholders to be involved include industry represent-
atives from the relevant sectors, experts from the scientific 
community, representatives from politics and civil society, as 
well as representatives of already constituted groups con-
cerned with the topic of the Circular Economy. In this context, 
the consideration of different perspectives and associated 
requirements is of great importance, so that both technical 
and non-technical aspects were equally incorporated into 
the development process of the Standardization Roadmap. 
The development of the Standardization Roadmap Circular 
Economy involved the overall coordination and orchestration 
of the relevant stakeholders and took place in seven working 
groups on the various key topics. The key topics are based on 
the Circular Economy Action Plan. Experienced experts have 
been recruited to head these topics:

The Roadmap was drawn up with the involvement of more 
than 1,300 experts from various sectors and with different 
backgrounds. Of these, more than 500 authors contributed 
their expertise to the seven working groups from diverse 
areas of society. The great number of interested and active 
authors as well as the diversity of persons and institutions 
cover a broad professional expertise. An overview is given in 
the Index of authors. It became apparent that the Standardi-
zation Roadmap Circular Economy project has met with great 
interest and has motivated many people to become involved 
in standardization. This provides the opportunity to recruit 
new experts for the future topics at DIN, DKE and VDI, who 
at the same time are to be introduced to the complex and 
multi-layered world of standardization. The new experts were 
informed about the instrument of “standardization” and its 
mechanisms of action in three large-scale training courses in 
March and April, which were very well received.
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Figure 7: Heads of the key working groups of the Standardization Roadmap Circular Economy (Source: DIN)
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Quality
M. Doedt (Kunststoff-Institut 
Lüdenscheid)
K. Blay (SGS Institut Fresenius 
GmbH)

Mech. Recycling
A. Hoffmann (HOFFMANN + 
VOSS GmbH)
R. Zies (MKV GmbH 
Kunststoffgranulate)

Chem. Recyling
Dr. J. Migenda (BASF SE) 
Dr. A. Ilzhöfer (Covestro AG)

Design strategies

Information
K. Sattlegger (XIPHOO GmbH)

Collection & sorting
A. Bünemann (cyclos GmbH)

Recyclates & fibres
J. Leis (Sächsisches 
Textilforschungsinstitut e. V.)

Labelling
I. Zwickel-Bakker (CPV Circular
Performance & Verification)

Buildings
C. Dorn und C. Senkel (TUD)
K. Meyer (Energie Impuls OWL 
e. V.)

Municipalities
J. Rodehutskors (Innovation 
Campus Lemgo e. V.)
G. Schock (Umweltberatung 
Gabi Schock)

Tools and methods
S. von Oppen
(Bundesarchitektenkammer 
e. V.)

Digitalization, business 
models, management

J. F. Aigner
(W.L. Gore & 
Associates) 

P. Bartel 
(Circular Economy 

Solutions) 

Assessment & indicator 
systems
R. Weissinger
(Universität Genf)

Data & information 
structure
J. F. Aigner (W.L. Gore & 
Associates GmbH) 

Operationalization & 
monitoring
P. Bartel (Circular Economy 
Solutions GmbH ) 

Product creation 
processes
Dr. S. Pankov (DFGE Institute 
for Energy, Ecology and 
Economy)

Collaboration 
K.-A. Weiß (Fraunhofer-Institut 
für Solare Energiesysteme ISE)

Reuse
R. Weissinger
(Universität Genf)

Digital Product Passport 
(DPP)

2nd Use

Recycling material

Figure 9: Project structure Standardization Roadmap Circular Economy (Source: DIN)
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The basic dataset was taken from the database in January 
2022, the last revision status of the search is dated 19.09.2022.

The following results were obtained for the key topics of the 
Roadmap:

There are numerous standards and specifications relevant to 
the Circular Economy. It can be seen that there are already 
a large number of standards and specifications relevant to 
the Circular Economy, but in most cases they are not directly 
related to the Circular Economy, but rather in a broader 
sense, and also do not have a systematic effect across all 
the “R-strategies” (see Chapter 1.6.3). This is because a large 
proportion of the standards have an impact in the area of 
recycling, which has been a key topic in the past in the area 
of Circular Economy. This was evident across all key topics. 
Higher-level strategies such as “rethink,” “refuse,” and “repur-
pose” were barely addressed. These strategies have little or 
no presence in the collection of standards.

In the key topics, an evaluation was then carried out by prod-
uct group per “R-strategy” (see Chapter 1.6.3). The results 
served as a gap analysis for missing standards, but also for 
revision needs in the groups. These are examined in more 
detail in the following chapters.

groups and supplemented with currently running projects. 
The results can be found on the following websites:

www.din.de/go/normenrecherche-
circular-economy

www.dke.de/normenrecherche-
circular-economy

www.vdi.de/go/normenrecherche-
circular-economy

Relevant 
2 101

Not 
relevant

1 212

Electrotechnology & ICT

Batteries

Packaging

Plastics

Textiles

Construction & 
municipalities

Digitalization, 
business models,

management

According to Main Topic
(Number results per topic; absolute, multiple results possible)

Total search results 
(number; absolute)

Total: 3 313 Basic data

394

292

89

160

436

572 328

(Status 2022-09)Figure 10: Results of the research of Circular Economy standards (Source: DIN)
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Reduce (by design): Implementing design that enables 
circularity (design for circularity), increasing efficiency in the 
manufacture or use of products by consuming fewer natural 
resources and materials as well as energy, reducing the 
environmental footprint.

Reuse  1: Reuse of a product that is still in good condition and 
fulfilling its function (and is not waste) for the same purpose 
for which it was designed, possibly after repair or refurbish-
ment [41].

Repair: Repair and maintenance of a defective product so 
that it can be used again with its original function.

Refurbish: Recover an old product and bring it up-to-date 
(to a certain quality level)

Remanufacture  2: Use of parts of a discarded product  
in a new product with the same function (and in new 
condition)

Repurpose: Use of a redundant product or its parts in a new 
product with a different function

1	 The German translation “Wiederverwendung” is as in 
DIN EN 4555X [46]

2	 At the time of writing this Standardization Roadmap, DIN SPEC 91472 
„Remanufacturing (Reman) – Quality classification for circular 
processes” is currently being developed [132].

 1.6.3 	 Development of standardization needs  
in terms of the “R-strategies”

The Standardization Roadmap Circular Economy is based 
on the model of the “R-strategies” of the Circular Economy. 
These strategies aim to reduce the consumption of natural 
resources and support the recycling of materials. They 
systematize different utilization strategies in a hierarchy, 
complement each other and coexist. These are seen as the 
core framework of the transformation toward circular value 
creation. In the following, the 9R framework, which is also 
used in UN publications, will be presented. It is then shown 
how standardization can be used to support the various 
R-strategies. A detailing of the strategies took place in the 
respective key topics. The identified standardization needs 
were each assigned to a key strategy.

Refuse: Doing without a product or replacing the same func-
tion with a radically different (e.g., digital) product or service. 
Eliminating or reducing the use of raw materials, designing 
production processes to avoid waste.

Rethink: Take a systemic view, plan and design for cycles 
(also plan circular systems around the product, incl. reverse 
logistics), develop new business models, conscious material 
selection for cycles (substitution of substances of concern, 
material innovations). Intensification of product use (e.g., 
through product-as-a-service, reuse and sharing models, or 
by offering to bring multifunctional products to market).

V 4

Use

Repair

Refurbish

Remanufacture

Reuse

End of use

Production

Resource 
extraction

Repurpose

Recycle

Reduce (by Design)

Rethink

Refuse

Figure 11: R-strategies of 
the Circular Economy as a 
starting point for structuring 
the standardization needs to 
be elaborated (Source: See 
9R framework of the UNEP 
[44] (based on Potting et al. 
(2017) [45])
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As a general principle, standards development must avoid 
specifying requirements in ways that limit or hinder mean-
ingful R-strategies in later phases of the product life cycle. 
By integrating Circular Economy principles into operational 
business models and management systems and systematical-
ly applying standards with indicators, assessment methods 
and technical procedures that support Circular Economy, 
standards can help to gradually initiate a transformation of 
business processes and networks of cooperating companies 
to a higher degree of circularity.

Recycle (Recycling1,   3): Recovery of materials from waste 
for reprocessing into new products, materials or substances 
for the original or another purpose. It includes recycling of 
organic material, but does not include energy recovery and 
recycling into materials to be used as fuels or for backfill 
operations.

Functions of standardization in support of the 
R-strategies
Traditionally, the main objectives of standards have been 
to ensure functionality, safety, quality and compatibility of 
products and services. By focusing on resource conservation, 
product life extension, value and quality preservation, and 
waste prevention, standards can help give these aspects far 
greater weight than they have in the past.

Standards with the following functions can support these 
goals. Standards on
→	 environmentally conscious product design  

(design 4 circularity) for all product groups and resources 
(not only energy),

→	 modular design principles for increasing the repairability 
of products,

→	 reduction of product and material variants (variety 
reduction) through a concentration on basic product 
functions,

→	 design 4 circularity (e.g. design 4 repair, 
“remanufacturing” and “recycling”),

→	 quality classes of recyclates (supported by corresponding 
test methods),

→	 minimization of the use or complete replacement of toxic 
substances,

→	 development of digital product passports with material 
and product information,

→	 digital platforms that store information on materials, 
parts and products and their availability.

3	 Translation according to Directive 2008/98/EEC [47]
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Key topics
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During the development of this roadmap, cross-cutting issues 
were identified that are relevant to several key topics (See 
Chapter 3).

All chapters include normative, policy, and research-specific 
standardization needs. What all the standardization needs 
have in common is the fact that the instrument of standardi-
zation is specifically considered and pushed. Standardization 
needs are primarily addressed to national and international 
standardization bodies, but also to legislators and the scientif-
ic community, depending on the degree of maturity and the 
framework conditions.

In the following chapter, the standardization needs and 
addressees are described, derived and justified in concrete 
terms. An overview in tabular short form can be found in the 
Annex: Overview of standardization needs.

The aim of the Standardization Roadmap Circular Economy 
is to describe at an early stage a framework for action that 
will strengthen German industry, politics and science in the 
market launch of circular services and products, thus laying 
the foundation for a transformation.

The Roadmap thus makes a significant contribution to de-
veloping circular business models, innovations and scalable 
applications.

Standards and specifications ensure transparency, quality 
and reliability, and contribute significantly to the trust in Cir-
cular Economy solutions. They are essential building blocks 
when it comes to scaling the Circular Economy. This can 
achieve the broad social acceptance of circular products and 
services, which in turn is a prerequisite for economic success. 
The Standardization Roadmap thus offers great potential 
for Germany to take on a pioneering role in the Circular 
Economy. Not least for this reason, the implementation of 
the standardization needs presented should be initiated in a 
timely manner.

The Standardization Roadmap Circular Economy will focus 
on and name concrete standardization needs on the follow-
ing key topics: (Chapters 2.1 to 2.7)
→	 Digitalization/Business Models/Management
→	 Electrotechnology & ICT
→	 Batteries
→	 Packaging
→	 Plastics
→	 Textiles
→	 Construction & municipalities
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2.1 
Digitalization/Business 
Models/Management

 31



intended to reflect the broad spectrum of the key topic “Digi-
talization, Business Models and Management”. The derivation 
of these topic clusters is based on the initial collection and 
consolidation of possible topics, and was iteratively adapted 
or shaped in the course of the work.

Evaluation of standards research
During the collaborative working meetings within the key 
topic “Digitalization, Business Models and Management”, 
it became evident that a clear assignment of the identified 
needs to the R-strategies proved to be difficult. This is due 
in particular to the fact that the standards-based imple-
mentation of R-strategies is to be designed primarily on an 
industry-specific basis. Horizontal topics and horizontal 
standardization needs are by definition cross-industry and 
cross-product. Therefore, it can be assumed that the 
identified needs of this key topic mostly implicitly cover or 
potentially support several R-strategies, although the actual 
needs may be rather unspecific with regard to the industry-
specific implementation of the R-strategies.

Based on previous considerations and discussions, a novel 
classification [53] of existing standards is therefore used 
to evaluate the standards research in the horizontal focus 
topic “Digitalization, Business Models and Management”. 
This heuristic approach differentiates between four levels of 
standards (see Figure 12).

 2.1.1 	 Status quo

Within the framework of this key topic, which is fundamental-
ly understood as a horizontal topic to the following six sector- 
or product-specific key topics, starting points for standardi-
zation are to be developed which serve either as a strategic 
or management-oriented framework or as a fundamental 
foundation for the specific and implementation-oriented 
standardization needs in different sectors.

For the identification of these needs (i.e., potential gaps in 
the current standardization landscape), a distinction will be 
made between the following starting points for standardiza-
tion:
→	 new needs that address new, transformative elements 

of the Circular Economy (compared to the current linear 
economy) to provide an appropriate impetus;

→	 a systematic harmonization of existing standards and 
specifications to link fragmented elements of the Circular 
Economy;

→	 a selective supplementation or revision of existing 
standards to integrate relevant aspects of the Circular 
Economy.

Procedure to date
The participant-dependent identification and preliminary 
description of the potential standardization needs took place 
within five subordinate topic clusters, which as a whole are 

Other standards
(not related to the Circular Economy)

Circular  
Economy 
system 
standards

Circular Economy technical standards
(related to the R-strategies)

Management system 
standards

Figure 12:  
Circular Economy – four 
levels of standards (Source: 
DIN [53])
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Level 3 – Circular Economy technical standards:
Standards at the third level mostly serve to provide technical 
assistance in becoming more circular at this level. There are 
many standards, such as on “repairability,” “remanufactur-
ing,” “recycling,” etc., i.e., aspects or segments of the Circular 
Economy that were developed outside of explicit Circular 
Economy concepts and that can now be more fully integrated 
into circular operations through overarching Circular Econo-
my concepts. These standards thus contribute to increasing 
the circularity of products and services from the ground up. 
Standards at this level may in some cases relate to specific 
R-strategies; in many cases, they can often be clearly assigned 
to them.

Level 4 – Other standards (not related to the Circular 
Economy):
These standards are potentially relevant regulations and 
prerequisites for a successful Circular Economy, without the 
respective standards making direct reference to the concept 
of the Circular Economy. This category includes, for example, 
standards on sampling and test methods [53].

Level 1 – Circular Economy system standards:
The fundamental function of these standards is to establish a 
basic circular orientation by establishing a common under-
standing of the Circular Economy through them. Standards 
at this level include overarching concepts, indicator systems, 
definitions, taxonomies, frameworks, assessment and calcu-
lation procedures through which orientation of organization-
al units at different levels towards circularity can be achieved. 
This includes both generic standards as well as sector-specific 
standards that define a circularity architecture for a certain 
sector.

Level 2 – Management system standards:
As already mentioned in the Introduction to this Standardiza-
tion Roadmap, the market potential of the Circular Economy 
is closely linked to increasing demands on the management 
of complexity and the radical transformation of entire value 
chains. Standards and specifications at this level help to in-
crease the competitiveness of the circular industry compared 
to the linear models established today. This can be achieved, 
for example, by standardizing operational and organizational 
rules and procedures and by adopting appropriate policies. 
Management system standards have, among other things, the 
function of anchoring Circular Economy system standards in 
organizations, implementing objectives of circular processes 
and making successes in implementation measurable.

417
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ANDERE (NICHT CIRCULAR
ECONOMY-BEZOGENE) NORMEN

CIRCULAR ECONOMY-TECHNISCHE
NORMEN

MANAGEMENTSYSTEMNORMEN

CIRCULAR-ECONOMY-SYSTEM-
NORMEN

CIRCULAR ECONOMY
SYSTEM STANDARDS

MANAGEMENT SYSTEM STANDARDS

CIRCULAR ECONOMY
TECHNICAL STANDARDS

OTHER STANDARDS (NOT RELATED TO 
THE CIRCULAR 

ECONOMY)

Figure 13:  
Distribution of the identified 
standards and specifications 
for digitalization, business 
models & management to 
four levels of standards for 
the Circular Economy 
(Source: DIN [54])
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of ISO/TC 323 “Circular Economy”, the contents of which 
are based on consolidated national positions, should be 
emphasized in particular. In the context of this Stand-
ardization Roadmap, requirements at this level should 
therefore primarily be of a supplementary or harmoniz-
ing nature.

→	 At Levels 3 and 4, mainly sector- or product-specific 
standardization needs are expected. These, in turn, are 
only indicated marginally or selectively in this key topic 
and are primarily the subject of the following key topics. 
In this context, it can be assumed that many standards 
will have to be developed in order to (1) align existing 
processes and technologies with circularity and (2) inte-
grate standards originally developed for other purpos-
es into circular structures. In addition, standards that 
support circularity assessments and measurements for 
specific processes and applications are also needed.

→	 Based on this heuristic analysis concept, gaps (especially 
with regard to the adaptation of existing management 
systems) can potentially be assumed at Level 2, as these 
should have a significantly higher number compared 
to the Level 1. Gaps can be identified above all in the 
process-related approach of the Circular Economy. For 
example, the operationalization of the Circular Economy 
is currently not sufficiently standardized (ISO 14009 [56] 
goes in this direction, but is limited to material circularity 
and environmental aspects). Accordingly, there is a need 
for standardization with regard to the value-preserving 

Methodology
In April 2022, the standards research [54] made available via 
DIN.ONE contained bibliographic data on a total of 538 docu-
ments for this key topic. The standards research was carried 
out in three phases:
→	 Phase 1: Generic search using title words, descriptors 

and ICS groups, etc.
→	 Phase 2: Assignment of the results from phase 1 to the 

defined seven subject areas (based on a combination of 
ICS groups).

→	 Phase 3: Intellectual post-processing of results to correct 
obvious misclassifications or other issues.

Furthermore, the standards within this key topic can be 
classified into the following sub-areas (see Figure 14) 
(multiple classifications possible):

The respective assignment to the sub-areas of this key topic 
was based on the title of the standards. Thus, this is an 
indicative assignment to the areas.

Interpretation
The following preliminary findings for further work and the 
identification of standardization needs can be derived from 
the analysis:
→	 In principle, work is already being done on many strate-

gic and fundamental topics of the Circular Economy (cf. 
Level 1). In this context, the work within the framework 

263

177

216
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DIGITALIZATION

BUSINESS MODELS
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Figure 14: Classification 
of the sub-areas of this key 
topic (Source: DIN [55])
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→	 Companies evaluate the general approach of the Circular 
Economy and identify specific technical and organiza-
tional starting points.

→	 Academia develops consensus on definitions, degree 
of circularity, normative character and relation to other 
sustainability concepts.

Furthermore, it is recognized that a large part of the 
standardization in the topics of digitalization, business 
models & management could be horizontal (i.e., generic 
and cross-product).

 2.1.3 	 Standardization needs

Assessment and indicator systems 

Need 1.1: Development of circularity criteria for specific 
product categories 
A large number of circularity criteria and indicators already 
exist, almost all of which originate from the field of material 
flow analysis (MFA) and are currently being standardized in 
ISO/TC 323 Circular Economy. Therefore, there is no addition-
al need for the standardization of MFA indicator systems, but 
there is a need for product-related circularity criteria (see also 
Need 2.1).

Products can be roughly divided into three groups based on 
their resource consumption and environmental impact [59]:

Product group 1: Disposable products with a very short 
service life (for single use).

Product group 2: Products that require little or no consump-
tion of water, electricity or other resources during their use 
phase.

Product group 3: Products that consume a high level of 
resources during their use phase.

There is a need for product-specific circularity criteria and 
indicators for all three product groups, especially for product 
group 2. The following aspects should be addressed (without 
compromising product performance or functionality):
→	 Durability of a product and thus longevity (assuming 

typical user behaviour)
→	 Modularity in design
→	 Maintainability (incl. availability of parts and mainte-

nance instructions)

processes of the Circular Economy as a supplement to 
current end-of-product-life related standards and speci-
fications.

→	 The three areas (digitalization, business models, manage-
ment) are not to be understood separately, but are ideally 
closely interlinked. Therefore, the assignment of a stand-
ard to one of these three dimensions is to be understood 
in such a way that the respective main, but not sole, focus 
of the corresponding standard lies there.

 2.1.2 	 Requirements and challenges

With regard to the range of topics covered by the key topic 
“Digitalization, Business Models and Management”, the 
following general challenges (obstacles) were identified 
in connection with the operationalization of the Circular 
Economy (based, among others, on Corvellec et al. (2021) 
[57]):
→	 The Circular Economy is not an entirely new strategy or 

agenda, but rather a combination of previous approaches 
(e.g. recycling).

→	 There is no uniform definition of the concept  
(> 100 different definitions).

→	 Research and practice mostly focus on material streams 
and ignore material stocks of products (as well as 
rebound effects associated with efficiency gains).

→	 There is a lack of expertise within companies for 
implementation.

→	 There is an insufficient availability of standards and 
associated measurement methods to provide objective 
evidence on the application and development of the 
measurable components and indicators of the UN’s 
proposed R-strategies.

→	 There is an unclear contribution to sustainability (e.g., 
measurement of a business model’s contribution to 
sustainability must be case-specific and systemic, taking 
into account all stakeholders).

→	 Often the introduction of the Circular Economy is de-
scribed, but less often its operational implementation.

Standards can therefore contribute to the above-mentioned 
obstacles. In particular, standards can act as a link between 
the contributions of policy-makers, industry and academia. 
Here, the generic contributions are to be understood as 
follows [58]:
→	 Policy-makers set framework conditions, targets and 

economic incentives to give priority to shorter loops 
(“reuse”, “repair”, “refurbish” and “remanufacture”).
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Need 1.2: Quality assurance, conformity assessment 
and declaration of reused products and products with 
extended service life (“product life extension”)
The market for second-hand and extended-life products 
should be significantly expanded. Potential buyers should 
be able to choose between purchasing new products and 
already used, good-quality or high-quality products when 
making many purchasing decisions. This would help reduce 
resource use by replacing new products with products that 
have already been used. In addition, such a switch could 
help companies focus more on services to keep products 
functioning, i.e., maintenance and repair. This would lead to 
an increase in the supply in this service sector and thus to a 
reduction in the currently often high prices for maintenance 
services.

However, a significant expansion of the second-hand market 
and of extended-life products requires a substantial increase 
in the transparency in this market.

Figure 15 shows the basic challenge: The period between 
initial use and further use by subsequent users (“reuse”) can 
often be years, during which time maintenance work and 
refurbishment may also have been carried out on products.

A reliable quality assurance system prior to a transfer to sub-
sequent users could significantly increase transparency and 
trust in the functionality and quality of extended life products. 
Successful inspections would be supported by a conformity 
assessment system (which may include certification) with 
declarations of conformity to communicate in a simple form 
information about current quality and functionality to poten-
tial purchasers. The focus here should be on the condition 
of the core functionality of used products and address, for 
example, the question: “What is a realistic expectation of use 
of a product (measured in number of cycles of use or over a 
period of time) without expecting loss of functionality?”

Recommended measures for Need 1.2:
→	 A reliable system of quality assurance for products 

in later stages of life should be developed. Quality 
assurance can be supported by quality indexes for 
different product groups, in which different quality 
classes are defined, which signal the current condition 
of products to potential buyers, in order to achieve 
security and trust for all business partners.

→	 Quality assurance should be supported by a system of 
conformity assessment and declaration for products in 
later stages of life.

→	 (Dis)assembly options for the entire product and product 
parts

→	 Reusability of the product and product parts
→	 Measurement of the proportion of reused materials and 

parts (in new and second-hand products)
→	 Identification of toxic substances that affect or prevent 

the longevity and reuse of materials and parts
→	 Extent and measurement of the expected waste 

generated during production
→	 Achieved resource reduction through the use of reused 

materials and parts
→	 Saving energy through reuse
→	 General reduction of negative environmental impacts
→	 Further aspects

The aim of these criteria and indicators is to extend the 
lifetime of products through appropriate product design. 
However, the main objective is not circularity, but sustaina-
bility with its three dimensions – ecological, economic, social. 
Circularity measures must always be checked to ensure that 
they are in line with sustainability criteria.

Recommended measures for Need 1.1:
→	 Development of generic criteria and indicator catalogues 

that – like the ones mentioned above – can be applied to 
a large number of product groups in different fields and 
that can have an orientation function.

→	 On the basis of this: Development of product group-
specific indicator catalogues that address the design and 
later use phases of the product groups, especially for 
product group 2 with low resource consumption during 
the use phase.

→	 Monitoring the implementation of these proposals and 
reviewing the application of the indicator catalogues 
(also with the intention of incrementally optimizing them 
and adapting them to new requirements).

→	 Development of standards to support the achievement 
of criteria and indicators through appropriate technical 
procedures.

Such (product) criteria and indicators could complement 
MFA-based criteria and help support inner cycles and pro-
mote product developments designed to save materials and 
extend product lifetime.
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Need 1.4: Circular Economy and sustainability reporting
Sustainability reporting has gained further importance due to 
the decision of the European Commission in 2019 to tighten 
the requirements for sustainability reports and to initiate the 
development of European Sustainability Reporting Stand-
ards (ESRS). The responsibility for the development of these 
standards lies with EFRAG, the European Financial Reporting 
Advisory Group [62]. In April 2022, EFRAG published a series of 
drafts, one of which addresses resource use and the Circular 
Economy of organizations (ESRS E5) [63]. Other standards 
relate to climate change, pollution, biodiversity and other 
environmental as well as economic and social issues.

The indicators in ESRS E5 address strategy, governance, and 
materiality assessment for an organization. The indicators 
applied for performance evaluation are MFA-based indicators 
(input of resources, output of resources, waste generation, 
optimization of resource use, and measures to support circu-
lar economy). In addition, financial implications of resource 
use and impacts, risks and opportunities of Circular Economy 
measures are to be reported.

The importance of sustainability reporting standards will be 
very great. This opens up the possibility for national, regional 
and international standardization organizations to support 
the tightened reporting obligations by providing lists of suit-
able technical standards and specifications, e.g., for measur-
ing circularity measures taken in operational processes and 
products.

Need 1.3: Definition and valuation/measurement method 
for determining the financial value of raw materials 
(originally waste)
As explained in the cross-cutting theme “End-of-Waste” 
(EoW, 3.4), the term “waste” is defined differently in the legal 
systems of different countries and standards. Different waste 
policies force waste to be classified and declared in different 
ways, which impacts the ability to reuse waste as a raw 
material source (including exporting waste). For this reason, 
the definition of waste should be standardized, especially to 
encourage, wherever possible, the reuse of waste as a sec-
ondary source of raw materials. 

The economic loss from not using valuable materials in waste 
is enormous. One example is eWaste, estimated at approx-
imately US$ 57 billion in 2019 in the Global eWaste Monitor 
2020 [60], of which only about US$10 billion is recovered 
through recycling (17,4 %). Other examples include textiles 
(losing US$ 460 billion in value per year, according to the Ellen 
MacArthur Foundation [61]) and food.

Recommended measures for Need 1.3:
→	 Standardization of technical guidelines for the definition 

of waste and waste categories with the intention of pro-
moting reuse/recycling as raw materials (See Chapter 3.4) 
wherever possible, thereby significantly reducing the 
amounts of waste.

→	 A method should be developed for calculating the value 
of certain materials or substances currently declared or 
treated as waste.

USE REUSE REUSE REUSE REUSE REUSE

Repair

Refurbish

Remanufacture

Repurpose

Figure 15: Product lifetime extension due to reuse by sequences of users (Source: DIN)
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of a DT) according to DIN EN IEC 63278-1 [66] as well as 
ISO/IEC JTC 1/SC 41/WG 6 (DT). For this purpose, it may be 
suitable to develop an orientation framework (e.g., delimita-
tion based on the respective properties and possibilities of 
the instrument: from passive/static to proactive/automated), 
linked to clear product categories from the perspective of 
the Circular Economy (for this, see Need 1.6 as well as the 
DIN/DKE Standardization Roadmap Industrie 4.0 [67]), since 
the use of the concept of the administration shell over the life 
cycle is described there).

Need 1.6: Development of a taxonomy of abstracted 
product groups in the context of the Circular Economy
The basic applicability of Circular Economy strategies and 
measures (see Chapter 1.6.3) depends first and foremost on 
the respective product characteristics. Furthermore, it can be 
observed that successful measures to improve the Circular 
Economy have to be designed very specifically to the product 
[68] and the corresponding context (e.g., value chain, user 
behaviour). The complexity in identifying appropriate meas-
ures is further increased by the unavoidable interactions and 
trade-offs that can be induced by certain interventions within 
a product life cycle. In order to be able to recommend suitable 
strategies, instruments, business models and indicators to 
industrial companies and political stakeholders in particular, 
and to facilitate the identification process, an abstracted and 
Circular Economy-oriented classification of product groups 
(see also Need 1.1) could provide an initial framework for ori-
entation. A suitable level of abstraction should be developed 
to ensure cross-industry applicability (i.e., horizontal stand-
ard). Potentially suitable dimensions for differentiation could 
be, for example, as follows:

→	 inherent product characteristics  
(dimensional/non-dimensional)

→	 product complexity
→	 service life and characteristics of the use phase [59]

Another point of reference for the development of possible 
product groups is the “Resources States Framework” devel-
oped by Blomsma and Tennant (2020) [69], which distinguish-
es between “particles” (elements, substances, molecules, 
materials), “parts” (components, modules, assemblies) and 
“products” (finished products).

The elaboration of these dimensions as well as the ultimate 
taxonomy of products from a Circular Economy perspective 
is therefore a fundamental need, to be located at the level of 
the Circular Economy system standards (see Chapter 1.6.2).

Recommended measures for Need 1.4:
→	 Standards organizations should identify such standards 

and specifications that are suitable to support the new 
reporting format of EFRS E5 and the other new reporting 
standards. Lists of relevant standards (with a focus on 
European and International Standards, but also other 
standards) should be compiled and kept up-to-date, 
which can be used to implement circularity measures in 
companies and to fulfil the various reporting obligations.

→	 Sample reports based on the new reporting format 
should be prepared to demonstrate, using practical 
cases, how standards and specifications can be used for 
sustainability reporting with the help of the lists of stand-
ards that have been prepared. This could be developed 
into a new information service on the part of DIN for its 
customers.

Data and information structure 

BASIC REQUIREMENTS AND PRINCIPLES

Need 1.5: Definition and delimitation of the different 
concepts for making product-related data available on 
the basis of a suitable framework concept
Digital solutions such as the digital twin (DT) and the digital 
product passport (DPP) can help to implement the Circular 
Economy by providing product-specific data and information 
at an economically justifiable cost to enable the operationali-
zation of R-strategies. The DT is considered a promising trend 
in the industry and is versatile. The field of application ranges 
from condition monitoring to autonomous systems. As a 
result, there are multiple requirements, challenges, and goals 
for the DT that have led to a lack of a common understand-
ing of the concept of the DT in practice Although the terms 
DT and DPP are often used synonymously, it is important to 
keep in mind that these are different instruments that may 
be linked by appropriate interfaces (see also Needs 1.24 and 
1.26). In addition, other precursors and implementation ideas 
can be identified (e.g. environmental product declaration 
according to DIN EN ISO 14025 [64], ISO/WD 59040 [65]) that 
pursue similar goals. Therefore, there is a need to distinguish 
the basic precursors and implementation ideas (especially 
the DT and DPP) from each other, where necessary, as well 
as to define their different manifestations. Furthermore, it is 
suggested that terminology and implementation strategies 
be harmonized or aligned by establishing the appropriate  
references between existing works (see, for example, 
the Industrie 4.0 administration shell (as a manifestation 

38 – Standardization Roadmap Circular Economy

CHAPTER 2 – KEY TOPICS



Recommended measures for Need 1.7:
→	 When developing product-specific standards for data 

exchange in the context of the Circular Economy, the 
semantic technologies described should be applied and 
the standards listed should be referenced or built upon.

→	 To achieve interoperability, the semantic technologies 
described and the standards listed should be applied 
when implementing Circular Economy use cases.

DATA MODELS

Need 1.8: Normative principles for the structure of 
defined cross-sector content and its presentation in 
the digital product passport (basic structure for the 
presentation of information that can be displayed equally 
for all products)
The content requirements for the digital product passport are 
already being discussed in various bodies on a sector-specific 
basis. So far, however, there is no overarching approach to 
consistent basic elements and structures. Normative princi-
ples are required for the construction of defined cross-sector 
content and its representation in the digital product passport. 
As an analogy to a passport document, this would be the title 
page with the information that can be presented in the same 
way for all products, such as information on the manufac-
turing company/marketing company, picture/drawing of the 
product, dimensions/grain size of the product, weight/density, 
list of approvals if applicable, and information on critical 
substances or substances of concern according to the REACH 
Regulation [73], where applicable.

Need 1.9: Normative principles for the structure and 
grouping of product-specific content and its presentation 
in the digital product passport
In addition to cross-sectoral information, there is a wide 
range of product-specific information (e.g., carbon footprint, 
energy efficiency values, recyclate content, and recycling 
information (e.g., recyclability)) that will be relevant to 
the expansion of the Circular Economy and thus must be 
included in the DPP. Displaying all sector-specific information 
on one main page leads to confusing web pages and there-
fore requires standardized submodels (see also Needs 1.10 
and 1.11 for specific cross-sector submodels). Furthermore, 
instructions on how to fill the respective information groups, 
as well as the assignment of responsibilities are necessary.

Need 1.7: Use of semantic technologies for data exchange 
in the context of the Circular Economy
The digital exchange of information on products throughout 
their life cycle is seen as a prerequisite for the large-scale 
and economic introduction of a Circular Economy. Digital 
information exchange can take place at different levels of 
digitization: 
1.	 Digitized: Information is exchanged through electronic 

media (e.g., e-mail) rather than physical media (e.g., 
paper). However, the information itself must be read 
and interpreted by a human. Example: Scan of a paper 
document.

2.	 Machine-readable: The exchanged information is pre-
pared in such a way that a machine (software) can read 
the data. The interpretation of the information must 
still be done by a human. Example: A software detects 
that there is a field “efficiency” with a value “95”. Since 
the definition of “efficiency” is not clear to the software 
(the context is missing), a human must decide to which 
evaluations the specified value can be used. (Note: 
Artificial intelligence systems may also be able to provide 
interpretation of such information, but this will not be 
considered here).

3.	 Machine-interpretable: For the transmitted information, 
the context is given in an unambiguous way that allows 
a machine (software) to draw automated conclusions. 
Example: The “efficiency” field is designated by a unique 
“semantic identifier”. This allows the software to deter-
mine what energy consumption will occur in the opera-
tion of a machine given an expected usage profile and the 
specified efficiency. In this way, decisions in selecting a 
machine can be (partially) automated.

Semantic technologies encompass a variety of different 
methods and technologies used to represent, manage, ex-
change, or process semantic data. The core of this work is on 
machine-readable formats for data and schema information 
(ontologies) [70]. On the part of standardization, semantic 
features of the Common Data Dictionary (CDD) according to 
DIN EN 61360 [71] and ISO 13584-1 [72], and corresponding 
formats for the description of DT come into play here (see 
also Need 2.13). The CDD describes not only the features, but 
also their classification (semantics and ontology).

By leveraging semantic technologies, the unambiguous use 
of data can be achieved across the value chain and life cycle. 
This is a prerequisite for the machine interpretability of data 
and for the automation of work steps.
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eignty also plays a role here, as different versions of the infor-
mation may carry different rights, obligations, ownership and 
guarantees. This need is addressed to all stakeholders from 
the manufacturing sector, but especially to system operators 
from industry.

Need 1.12: Normative basis for the presentation and 
linking of data that is already publicly available in data
bases and linking with the new requirements for the 
digital product passport (information requirements for 
various product groups)
At the present time, it has not been conclusively clarified 
where and how (substance, origin) information is to be stored 
(centrally or decentrally) and how the relevant stakeholder 
groups in the product life cycle are to have access to it. 
Furthermore, the integration of links to further information 
from any upstream products used and downstream relevant 
data generated during the life cycle is necessary. In the case 
of decentralized data storage, for example, there could be 
standardized linking to other relevant data that is created up-
stream, as well as a standardized process for linking data that 
is created downstream. Some information about products is 
already stored in various databases. For example, information 
based on the REACH regulation [73] is provided in the data-
base of the European Chemicals Agency (ECHA) exclusively 
on substances of concern in the SCIP database (substances of 
concern in products) for all product groups. Multiple provi-
sion of information carries the risk of different information 
on the same issue depending on where the data is retrieved. 
Other databases exist for product information in the auto-
motive industry (e.g. IMDS [75]/IDiS [76]) and in the electrical 
and electronics industry (I4R platform [77]). There is a need to 
define what data must or should be made publicly available 
and how it can be accessed or queried by machine.

Need 1.13: Development of a user-centred, digital 
solution through standardized methods and tools, as 
well as guidance on the use of the DPP for the various 
stakeholder groups
Digital solutions (DPP and the digital twin) that provide data 
and information along the value chain of a product can help 
to implement the concept of the Circular Economy. User-
centric development is needed to ensure that data is made 
available. It is important that the users are made aware of the 
added value of the digital solution, and that the motivation to 
provide data and acceptance of the digital solution increases 
by involving the users in the development. A defined pro-
cedure for developing a user-centric, digital solution using 
standardized methods and tools is suitable for this purpose. 

Need 1.10: Definition of standardized data structures of 
life cycle-relevant data in the digital product passport or 
in the form of one or more submodels for the Industrie 4.0 
administration shell on the topic of Circular Economy/life 
cycle assessment
The life cycle assessment (LCA) of manufactured products, 
but also of production resources, such as robots in combina-
tion with certain manufacturing technologies such as weld-
ing, is becoming increasingly important in terms of resource 
scarcity and rising energy costs, also in the industrial context. 
In life cycle assessment, potential effects on the environ-
ment are systematically collected over the entire life cycle. In 
addition to production, this also includes the use phase and 
disposal of the product, as well as all associated upstream 
and downstream processes for the production of raw mate-
rials, consumables and supplies – in other words, all aspects 
of the Circular Economy. Required information relates to raw 
materials processed, necessary energy/air/water/... as well 
as greenhouse gas/carbon dioxide emissions, the amount of 
waste and the associated pollution of air and water. Infor-
mation for life cycle assessment therefore not only comes 
from the production context, but must be collected across all 
phases of the life cycle and all dimensions of the reference 
architecture model Industrie 4.0 (RAMI 4.0) [74]. This is an 
example of a use case in the context of the “connected world”. 
This requires the definition of standardized data structures 
of life cycle-relevant data in the digital product passport or in 
the form of one or more submodels for the Industrie 4.0 ad-
ministration shell on the topic of Circular Economy/life cycle 
assessment. This need is addressed to all stakeholders from 
the manufacturing sector, but especially to component and 
equipment manufacturing companies from industry.

Need 1.11: Standardized and exchangeable simulation 
models for dynamic information as a function of time or 
various other parameters, as well as versioning of data/
information over the life cycle or various combined life 
cycles
In addition to the purely static information in the product 
passport, the dynamic digital twin also requires standard-
ized simulation models, e.g., for the energy consumption 
or emissions of the products/system components. Since 
information changes over time, the principles of versioning 
and the associated configuration management for the digital 
product passport and the associated dynamic models must 
also be created and standardized. Appropriate versioning of 
data/information is a prerequisite for the integration and also 
the matching of different information from the digital product 
passport and dynamic digital twins. The issue of data sover-
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among other things, to be made available. Due to the inher-
ent complexity as well as the existing degrees of freedom and 
fuzziness (e.g., unavoidable allocation of data points and/or 
dependence on generic/non-representative industry data) 
in the underlying calculation methods, this area is already 
addressed by a large number of standards and specifications, 
as well as related guidelines. Nevertheless, existing standards 
and guidelines (e.g. DIN EN ISO 14040/44 standards [80], [81], 
the Greenhouse Gas Protocol [82]) and sectoral guidelines 
(such as the Product Category Rules (PCR) or the Product 
Environmental Footprint (PEF) methods) still leave much 
room for manipulation. In principle, it can also be assumed 
that the establishment of an infrastructure for the technol-
ogy-supported (digital) exchange of product-relevant data 
(e.g., emissions data) will also create the basic conditions 
for greater transparency and traceability. However, this is 
not automatic and therefore, in addition to uniform rules (as 
already developed, for example, in the context of the Product 
Category Rules (PCR) within the EU Environmental Footprint 
Pilot (EFP) [83] or other EPD programs or also by the (WBCSD) 
[84] in its Pathfinder Frameworks) for generating and mak-
ing available data, mechanisms are also needed to ensure 
compliance with the agreed rules. This is precisely where 
standardization could come in and adapt existing (already 
standardized) test mechanisms to the new (digital) conditions 
or close gaps in conformity assessment. This could make a 
decisive contribution to ensuring trustworthy information 
and data in the digital product passport and thus the accept-
ance of the instrument, as is also called for in the EU Com-
mission’s current “Proposal for Ecodesign for Sustainable 
Products Regulation” [85].

Need 1.17: Standards and specifications should provide a 
framework for the depth of data required
In order to strengthen the acceptance of the DPP and to 
simplify the handling and presentation of the data volumes, 
the concept of data economy should be taken into account 
in the design of the DPP. This should include a fundamental 
discussion of what data is really essential to implement the 
DPP.

In addition, there is a need to develop guidance on the use of 
the DPP created for the different stakeholder groups. This is 
to explain to the user groups, taking into account their “per-
spectives”, how the DPP works as a tool and how the specific 
use of the DPP can support the creation and establishment of 
a Circular Economy. The aforementioned needs have the goal 
of making the added value visible both in the development 
phase and in the use phase of the DPP by integrating the 
specific needs and requirements of the user groups and thus 
promoting motivation and acceptance for the use of the DPP.

Need 1.14: Standardization should support legislators in 
defining and implementing the individual access rights of 
various stakeholders along the value chain
The digital product passport will be used by a variety of dif-
ferent stakeholders with a wide range of information needs. 
Data protection principles, in particular a GDPR-compliant 
design of the DPP and individual access rights for different 
stakeholder groups, must be enshrined in law. In this context, 
it should be specifically defined which contributors along 
the value chain are granted the right to view, edit and use 
the information. Secure digital identities play a central role 
here, i.e. the question of how the participants in the value 
chain identify themselves. In addition, data integrity must 
be ensured with appropriate mechanisms, and the protec-
tion of data against unauthorized access and manipulation 
must be guaranteed. In particular, existing standards 
(e.g., ISO/IEC TR 10032:2003 [78]) and standardization activ-
ities (e.g., NWIP ISO 22373 [79]) should be considered when 
identifying stakeholders and protecting data from unauthor-
ized access.

Need 1.15: Existing standards and specifications that 
define the technical features for different identifiers 
should be examined for their applicability to the DPP
Different possible interfaces/identifiers (RFID, QR code, NFC 
...) should be considered for reading the information stored 
in the DPP and their usability for different products or sectors 
should be evaluated.

DATA QUALITY AND SECURITY

Need 1.16: Establishment or adaptation of standardized 
mechanisms to ensure data quality and trustworthy 
information in the digital product passport
The digital product passport is designed to ensure partic-
ipant-specific access to relevant information This calls for 
aggregated quantitative information (e.g., carbon footprints 
as well as other LCA indicators, calculated recyclate content), 
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for the comparability of these parameters. This enables 
companies to identify where the greatest leverage for further 
development lies.

A maturity model enables the company to identify progress 
in the transformation to the Circular Economy in order to 
proactively manage the process. Existing standards and 
specifications such as DIN EN ISO 9004 [86] do not assess the 
Circular Economy and should be supplemented accordingly. 
All relevant areas of a company as well as the status on the 
hierarchy level of all R-strategies must be holistically recorded 
and evaluated. Currently, there is a lack of uniform perfor-
mance parameters at the product/company level that would 
allow companies to be compared. The assessment at the 
meso (company) level should be designed in such a way that 
it can also be consolidated at the macro level. These parame-
ters are necessary to enable a basis for qualified judgements 
on maturity levels, to ensure the credibility of assessments, 
to compare the level of development e.g., between compa-
nies, cities etc. and to evaluate the effectiveness of Circular 
Economy measures and action plans. Needs from the area of 
assessment and indicator systems should be considered. An 
example of a catalogue of criteria and indicators for deter-
mining the maturity of companies in terms of circularity is 
provided by the Swiss Circular Economy Status Report [87] 
with the following main criteria and sub-criteria for individual 
measures:

“Main criteria for determining the circular maturity of 
companies
Criterion 1: Degree to which circularity and circularity 
principles are embedded in a company’s business model and 
corporate strategy

Criterion 2: Extent of investment to support measures to in-
crease the circularity of processes within the company and its 
relationships with collaborative partners (other companies, 
R&D initiatives, logistics, etc.).

Criterion 3: Number of individual measures a company has 
taken to promote circularity in specific areas (with further 
sub-criteria 3.1 to 3.7, see below).

Criterion 4: Proportion of turnover resulting from circularity-
relevant activities

Operationalization and monitoring 

MANAGEMENT SYSTEMS/STRATEGIES 

Need 1.18: Integration of the Circular Economy into  
strategies, business models and management systems  
of companies
Companies should incorporate the principles of the Circular 
Economy into their strategy and business model in order to 
develop new business opportunities and to be prepared for 
regulatory measures. Existing standards and management 
systems in companies should be supplemented with Circular 
Economy principles and methods. This would enable com-
panies to systematically prepare for the requirements of 
the Circular Economy at a strategic level as part of an inte-
grated management system. This ensures that they are not 
stand-alone Circular Economy strategies and thus ensures 
connectivity with management systems already in use in the 
company. This helps to anchor Circular Economy principles 
operationally in the company and thus to bring together and 
steer singular activities in a continual, active improvement 
process.

Need 1.19: Systematic approach to Circular Economy 
potential development
Companies need systematic approaches and suitable tools 
in order to be able to address and process all related and 
necessary fields of action. In addition, the potential for 
further development should be recognizable and able to 
be communicated. In the context of integrating Circular 
Economy aspects into existing management systems, a 
standardized approach helps to reduce the effort required 
for the process of identifying Circular Economy potentials 
and deriving strategies suitable for the respective company, 
and to operationalize the process as part of a continual 
improvement process.

MATURITY LEVELS

Need 1.20: Maturity level of the overall business concept
A company’s maturity level in the Circular Economy should 
always be assessed for the overall business concept and 
operations. This ensures that management has a realistic as-
sessment of the starting point in the transition to the Circular 
Economy, and that realistic targets and individual measures 
that build on one another are defined. In order for companies 
to identify their maturity level with regard to various param-
eters (e.g., business model, strategy, innovation/product 
development, customer processes), standards are required 
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with each other. At the same time, the standard could give an 
impetus to companies to increase the shares.

POTENTIALS AND BUSINESS MODELS 

Need 1.23: Exploiting the Circular Economy potential for 
business model innovation and re-design
The Circular Economy opens up potential for companies to 
develop new, sustainable and future-oriented business mod-
els. Existing solutions for realigning the business model can 
support companies in systematically shaping this transfor-
mation process. Guidelines and case studies (good practices) 
of companies that have successfully further developed or 
completely replaced their linear value creation processes with 
a circular business model would be helpful in this regard. 
Furthermore, a structured collection of possible Circular 
Economy business model patterns for the systematic re-
design or reorientation of the existing business model would 
be useful to illustrate the added value that can result from 
the implementation of a circular business model for one’s 
own company. A collection of possible instruments (toolbox) 
for systematic maturity level and position determination for 
continual evaluation and further development of the business 
model in the direction of circularity can support this (CIP).

To simplify access to these business model options, tools, and 
good practices for the user, they should be provided based 
on relevant criteria, differentiated by process, R-strategy (see 
Chapter 1.6.3), product type, and customer offering or indus-
try. This field could be covered and supported by Technical 
Reports. Whether a standard or a specification subsequently 
emerges is to be decided. Publications from a scientific point 
of view are available and a consolidation is to be aimed at 
[14], [89], [90], [91]. This can be done in the context of stand-
ardization work.

Need 1.24: Creation of measurement bases to determine 
“circularity success factors” and to allow comparisons to 
be made
Various management system standards (e.g., 
DIN EN ISO 9004) [86] recommend benchmarking. This is a 
measurement and analysis method that allows an organiza-
tion to look for best practices inside and outside the organiza-
tion to improve its own performance. Benchmarking requires 
a common understanding of the characteristics of the object 
under study in order to make a proper comparison with the 
current situation in the organization. It would therefore make 
sense to define success factors in standards in order to make 
the degree of circularity of organizations assessable and 

Sub-criteria for individual measures under Criterion 3  
for specific areas of the company:

Criterion 3.1: Circularity-related measures regarding 
procurement

Criterion 3.2: Circularity-related measures regarding product 
and service design

Criterion 3.3: Circularity-related measures concerning internal 
production processes

Criterion 3.4: Circularity-related measures regarding storage 
and transport

Criterion 3.5: Circularity-related measures regarding 
marketing and sales

Criterion 3.6: Circularity-related after-sales measures 
Criterion 3.7: Circularity-related measures after the product 
use phase

Here is an example of how circularity is measured in specific 
business areas: In procurement, for example, the reduction 
of the ecological footprint when buying new products or the 
increasing use of used production inputs, i.e. the reuse rate, 
can be used as measurement criteria.

By applying such a catalogue of criteria, it is possible to deter-
mine the maturity level of companies in terms of circularity 
and to compare them between different companies.” [87]

KEY FIGURES AND ASSESSMENT SYSTEMS

Need 1.21: Circularity assessment of services
Companies operating on the basis of a circular business 
model need an assessment of services and their contribution 
to circularity in order to identify and value the service share 
in the revenue stream. The focus of the assessment should 
be on the extension of the useful life of the products and it 
should possibly also consider the percentage of revenue from 
circular services [14].

Need 1.22: Key figure for use of recyclates
For individual companies and companies cooperating with 
each other, there is a need for a process-oriented standard 
that regulates the inflow and outflow of recyclates and makes 
them comparable. Such a standard would give customers and 
users the opportunity to compare products or manufacturers 
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loops, but also from the need to make (political) targets of the 
Circular Economy clearly interpretable and their implementa-
tion measurable. The description of the content of the targets 
must be unambiguous for this purpose, for which clear provi-
sions must be developed in the standardization work.

Recommended measures:
→	 Elaboration of a standard with definitions of the 

fundamental terms of the Circular Economy
→	 Development of normative provisions for the description 

of Circular Economy targets, including the definition 
of provisions for the achievement of targets as well as 
for the spatial reference and the reference to individual 
contributors

→	 Development of terms and descriptions of the main 
stakeholders of circular value loops

Need 1.26: Definition of units and variables for the 
Circular Economy
The clear and reliable description of facts is indispensable for 
the collaboration of different participants in a value loop. The 
fundamental prerequisite for this is a clear definition of the 
relevant variables and units as well as reference variables and 
effects. Currently, this is often not the case for data relating to 
the Circular Economy and, accordingly, data cannot be clearly 
interpreted and compared. This concerns, on the one hand, 
information exchanged between companies (B2B) and, on 
the other, information exchanged with end customers (B2C). 
In the context of the Circular Economy, it is particularly im-
portant to define reference variables in order to make quotas 
unambiguous. Criteria and indicators of environmental and 
social impacts, such as circularity and recycling quotas, as 
well as the information described in Need 1.1 “Development 
of product category-specific circularity criteria”, among oth-
ers, should be mentioned here.

Recommended measures:
→	 Elaboration of standards with units and variables of the 

Circular Economy
→	 Development of normative provisions for the use of 

reference variables for data in reporting as well as 
reporting formats for Circular Economy-relevant data on 
companies and products, which can also be used for the 
DPP, for example

→	 Development of normative provisions regarding data 
disclosure and data quality (see Need 1.16), accuracies 
and formats for the information on Circular Economy 
metrics

comparable in implementation. Companies can use such a 
comparison of success factors as a reference point to improve 
their own Circular Economy performance or Circular Econ-
omy business model. It should therefore be specified which 
indicators are suitable for adequately reflecting these circular 
potentials in organizations and business models. Such circu-
larity indicators could be used to determine the success of 
implemented circularity measures as well as to identify areas 
where optimization potential exists [92], [93].

Collaboration in the value chain 

The transfer of the economic system toward a Circular 
Economy entails comprehensive changes in all areas of the 
value chain (which becomes the value loop). In particular, 
new forms of collaboration will be required and new business 
models will emerge. All these changes affect the collaboration 
of different industry stakeholders or different industries and, 
in order to be efficient, require the definition of terms, data 
and interfaces. Providing these descriptions and definitions is 
a core task of standardization work and can lead to significant 
efficiency gains for the national economy. The current state 
contains multiple barriers to the establishment of a Circular 
Economy, as it enables inefficient communication between 
contributors due to unclear technical data/disclosures, and 
additionally contains unclear legal frameworks, which entails 
massive risks for the participants. These problems should 
be remedied by standardization work in order to specifically 
promote the emergence of business models and the develop-
ment of offerings in the sense of a Circular Economy.

To ensure efficient collaboration and clear communication 
within the value loop and to promote circular value creation, 
the following five needs (1.25-1.29) were identified.

Need 1.25: Definition of terms for the Circular Economy 
The transition of economic activity to a Circular Economy 
entails numerous terms for the cooperation of stakeholders 
that have not yet been clearly defined and are therefore not 
uniformly used and understood [7], [9], [94], [95], [96], [97], 
[98]. Even fundamental terms such as the “Circular Economy” 
itself are not clearly defined, nor are they demarcated from 
established terms in German such as “Kreislaufwirtschaft” 
(another German word for the Circular Economy). On this 
basis, it is also necessary to develop clear provisions and defi-
nitions for circular value loops, in particular also for regional 
and local loops. The need arises not only from the goal of 
efficient communication between stakeholders within value 
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core competencies must take place. What existing expertise 
can be brought in and what can be built up by oneself? Which 
services need to be additionally staffed and which partner 
portfolio is required for this? At the same time, the demands 
on already involved service components such as IT perfor-
mance, logistics or marketing are increasing. This gives rise to 
normative needs for communication bases to be defined on 
the basis of the necessary stakeholders and their roles (see 
Need 1.34).

Recommended measures:
→	 Establishment of a stakeholder map for circular business 

models and their value loops (see also Need 1.29: Classifi-
cation of business models).

→	 Derivation of a communication matrix for the relevant 
stakeholders (e.g., for the minimum information to 
be communicated on roles, tasks, functionalities and 
responsibilities within the value loop).

→	 Description of communication processes to ensure 
the implementation of the division of tasks and work 
(“circular functional specification”).

Need 1.29: Classification of business models
It is expected that numerous new business models will 
emerge or existing business models will undergo an adjust-
ment in connection with the transition of the economy to a 
Circular Economy. This development is necessary, explicitly 
desired and is to be supported, see also the description in the 
context of Needs 1.18 and 1.19. For cooperation in a Circular 
Economy, however, it is considered important that business 
models and the associated activities and contributions within 
a value loop are clear to all stakeholders and that misunder-
standings are thus also avoided in cooperation. In particular, 
the work can also use preliminary work [14] and focus on 
giving detail to already defined and classified business 
models.

Recommended measures:
→	 Development of descriptions of Circular Economy 

business models for classification, but not in the sense of 
standardization of business models or exclusivity of the 
described business models.

→	 Development of classes of business models of the 
Circular Economy.

Need 1.27: Management of technical and legal interfaces 
Due to the expected new business models and forms of 
collaboration, as well as flows of resources and data that are 
expected within the Circular Economy, there is also a need 
to define the interfaces between the different stakeholders 
within and between different product value chains in order 
to enable value loops in interaction. On the one hand, this is 
about the content-related (technical) interfaces, the transfer 
points of resources between different steps of the value 
creation cycle. On the other hand, there is a need for the 
definition of the legal interfaces, in particular the transfer of 
responsibility for products and on issues of product approval 
and conformity assessment. The interfaces of the participants 
should be described by normative rules in such a way that 
the cooperation of the various contributors can take place 
efficiently. Of particular importance for the establishment of 
measures for the efficient use of resources and for promoting 
the development of corresponding offerings and business 
models are the definition and safeguarding of the legal 
framework and the legal certainty of business models and op-
erational decisions, including the fulfilment of technical and 
commercial reporting requirements. The Circular Economy 
also raises elementary questions about product liability and 
product approval, especially for “repair”, “refurbishing” and 
“reuse”, which are currently unclear or in some cases directly 
hinder development.

Recommended measures:
→	 Elaboration of a guideline with rules for cooperation in 

Circular Economy networks
→	 Elaboration of normative provisions for technical 

interfaces between various participants in a value loop or 
different value loops

→	 Elaboration of normative provisions regarding the 
transfer of responsibility in the case of repair and 
refurbishment or further use of products, as well as in the 
case of the use of materials/products after recycling

→	 Elaboration of normative provisions on questions of 
approval of products after repair/refurbishing/reuse

→	 Elaboration of normative provisions for (open) interfaces 
for the exchange of data, e.g., material databases

Need 1.28: Communication between participants in the 
value loops
Basically, cooperation within the supply chain is necessary for 
every company. For business models of the Circular Economy, 
the interplay between work and task sharing is required more 
intensively in order to realize the value creation potential. 
In order to meet the requirements, a reconsideration of the 

Standardization Roadmap Circular Economy – 45

CHAPTER 2 – Digitalization/Business Models/Management



50 % of service cases [100]. Greater integration would make 
processing and, above all, administration more efficient and 
effective. Standardization can help here, since provisional, 
manual routines are established in companies today with-
out a corresponding basis about technologies that could be 
installed in the companies. And: These design technologies 
are only fully usable if they are also integrated at appropriate 
interfaces at the customer’s site.

Recommended measures:
→	 Standardization can help with the design and depth of 

service level(s) so that new services can emerge within 
and between companies.

→	 Elaboration of normative templates regarding criteria for 
service levels.

Need 1.32: Definition of circular business management 
processes
For companies, the Circular Economy means acting sustain-
ably in line with economic, ecological and social targets. The 
basis for this is a practiced and measurable sustainability 
management (see also Chapter 3.1). The established sus-
tainability targets are further defined with a focus on circular 
business development (circular horizon). Similarly, the focus 
must be fixed on the necessary circular expertise to imple-
ment the company’s strategy. This gives rise to normative 
needs for defining circular business management processes 
in terms of structure, transparency and measurability.

Recommended measures:
→	 Development of a normative definition of a circular 

corporate target (circular horizon) and the necessary 
contents.

→	 Building a normative structure for circular business 
management processes incorporating R-strategies as 
frameworks and circular key performance indicators 
(KPIs) as measurement tools.

→	 Development of a normative catalogue of requirements 
for relevant circular competencies within and outside 
(stakeholder map) the company.

Need 1.33: Include the Circular Economy in the design 
phase
Everything begins with the design. For the development of 
circular business philosophies and business models. For the 
design of circular products.

Circular Economy Design (CED): The task – how to keep the 
resources within the ecological cycle? This is where design 

Product creation processes and service 
development (design 4 circularity)

STANDARDIZATION NEEDS IN THE AREA OF GOAL SETTING, 
BUDGET PLANNING AND STRATEGY DEVELOPMENT

Need 1.30: Establishment of an infrastructure to support 
reverse logistics 
Numerous companies are planning to integrate flexible 
consumption models into their business model and offer 
their products “as a service” (XaaS). A successful changeover 
requires a suitable infrastructure that supports reverse 
logistics and ensures an efficient process. In most cases, the 
conversion to an XaaS business model fails due to the high 
volume as well as the complexity. Compared to traditional 
models, XaaS business models are customer-centric, not 
product-centric. Therefore, XaaS business models require a 
separate infrastructure that supports customers along the 
value chain and enables processes to run smoothly (e.g., end-
of-life treatment of products, new revenue models). The XaaS 
offering becomes more complex when companies build this 
on existing business models and continue to run it in parallel.

The core idea of a service business model is that it consists 
of a large number of customer-related, usage-oriented units 
(services) that are managed independently of one another. 
Unlike a traditional product, these units have clearly defined 
customers that they address. The benefits of the service are 
clearly evident to the respective customer and must create 
added value over the usage phase that goes beyond the pur-
chase of a product. The responsibility of the service and also 
product is borne by the company (service owner), which must 
ensure service delivery [99].

Recommended measures:
→	 Here, standardization can, among other things, support 

(reverse) logistics and other cooperations in the develop-
ment of “service spheres” via planning principles that are 
a basis for R-strategies as well as the perspective “from 
ownership to benefit”.

→	 Elaboration of normative templates regarding the 
development of an infrastructure that supports the 
implementation of “as a service”.

Need 1.31: Design and depth of service degree/level 
(service depth and breadth).
Shaping service depth and breadth via service level manage-
ment is now used significantly more often by top performers, 
at 62 %. Only 31 % of followers report using this in over 
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→	 Evaluation of a normative description of roles, responsi-
bilities and objectives in the transformation area “service 
design” (including focus on customer journey)

→	 Evaluation of a normative description of roles, respon-
sibilities and objectives in the transformation area 
“servitization” (including focus on service strategy and 
service philosophy)

Need 1.35: Right to maintenance (maintenance/
repairability) and provision of information required for 
this purpose
Maintenance depends on the technical possibility of availabil-
ity of a maintenance service and on the costs. The possibility 
of non-destructive disassembly, the availability of spare parts 
and the availability of knowledge for repair or maintenance 
are important. The challenge: Interaction with other parame-
ters such as prices, innovation cycles, demographic develop-
ment [101], [102].

Recommended measures:
→	 Standardization should ensure that the possibility or the 

right to maintain (maintenance/repairability of) products 
is given in the long term.

→	 Standardization should lead to improved consumer 
information, e.g., environmental benefits of durable 
products, knowledge of self-service options. This goes 
hand in hand with the preservation of a manufacturer-
independent maintenance scene. From an environmental 
point of view, the choice of maintenance service provider, 
manufacturer-affiliated or independent, is of secondary 
importance. In addition, it is a question of increasing the 
information obligations of manufacturers, e.g., a clear 
declaration of wear parts.

→	 Further, it is a matter of reviewing and adapting existing 
safety standards and specifications at the component 
level (with a focus on components susceptible to defects 
and wear) with regard to their suitability for service 
life and durability testing. This involves the creation of 
knowledge about the real loads and conditions of use of 
products with an extensive survey of consumers and sub-
sequent investigation of the influence of the boundary 
conditions of real use (e.g., thermal load peaks and peaks 
in the supply voltage) on product service life.

comes in. The foundation for success is laid for all subsequent 
elements. Design initiates the processes for production, 
distribution, use, refurbishment, remanufacturing, upcycling, 
upgrading and recovery.

Circular Product Design (CPD): The quality and processing of 
the raw materials and materials to be used play a major role. 
They must allow a long period of use of the products. Resil-
ient, robust and thus safe – requirements for multiple use. 
The type of ecological production and final treatment lays the 
foundation for remanufacturing and refurbishment, among 
other things. Decisions are made during the design phase. 
This gives rise to normative needs for design definitions (CED/
CPD), which should consider all economic, environmental, 
and social impacts across all phases of a product or process 
life cycle.

Recommended measures:
→	 Development of a normative definition of circular econo-

my design (CED) incorporating life cycle thinking (LCT).
→	 Develop a normative definition of circular product design 

(CPD).

STANDARDIZATION NEEDS IN THE AREA OF  
CIRCULAR PROCESSES

Need 1.34: Uniform description of roles and 
responsibilities for an effective change management 
process
Standardization can ensure that roles and responsibilities 
are clear within organizations and that there is room for an 
effective change management process and a supportive 
cross-functional culture.

Fixing the requirements of the overall transformation 
process – including the relevant elements of change man-
agement, service design and servitization – forms the basis 
for initiating and implementing the sustainability circularity 
strategy. This gives rise to normative needs for the various 
requirements of the above-mentioned change processes with 
regard to the definition of roles, responsibilities and objec-
tives.

Recommended measures:
→	 Evaluation of a normative description of roles, responsi-

bilities and objectives in the transformation area “change 
management” (including focus on CSR implementation, 
development of USP Innovation, implementation of 
thought leadership)
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STANDARDIZATION NEEDS IN THE AREA OF PEOPLE

Need 1.36: Social standards for circular jobs
Many organizations are building their Circular Economy 
strategy on a “cherry picking” approach to fill out the Circular 
Economy agenda. Little attention is paid to whether or how 
these strategies affect people positively or negatively. This is 
problematic because circular practices can come at the ex-
pense of social value creation. The compulsion to close loops 
as quickly and efficiently as possible intensifies this danger 
unless minimum social standards are demanded. The im-
plementation of a Circular Economy business model should 
therefore be thought of integratively and ensure compliance 
with social standards in addition to ecological ones [79], 
[103], [104]. A framework for social standards in the Circular 
Economy does not yet exist. Rather, Circular Economy 
standards bring up social principles without specifying them 
in greater detail. In terms of a holistic approach, the Circular 
Economy must also include social principles to prioritize the 
collective benefits of this system. Specifically in these areas: 
business practices, business models, legislation, and funding 
mechanisms. Minimum social standards and parameters are 
needed along the entire value chain (see also Chapter 3.1).

Recommended measures:
→	 Review of existing social standards for circular business 

models (e.g., sharing economy)
→	 Elaboration of normative requirements for social stand-

ards for the implementation of circular business models

Need 1.37: Training/qualification for the  
Circular Economy
The Circular Economy requires a redefinition of the role of 
human resources for the implementation and execution of 
Circular Economy business models. Here, special training, 
knowledge, skills and safeguards are needed to maintain or 
increase social value. The requirements that must be met 
have not yet been set down. This results in the need to build 
inter- and transdisciplinary approaches that are detached 
from the current understanding of human capital and sup-
port the transformation of the Circular Economy. Specifically: 
What technical knowledge (e.g., repairing) is required, what 
networks (e.g., Circular Economy ecosystems) need to be 
created for this purpose, and what formats (e.g., training 
programmes, repair labels) can support this?

Recommended measures:
→	 Elaboration of normative requirements for 

the (minimum) qualification of people for the 
implementation of circular business models

→	 Elaboration of normative requirements for training 
of people for the implementation of circular business 
models

STANDARDIZATION NEEDS IN THE AREA OF BUSINESS 
MODELS 

Need 1.38: Definition of features for the identification of 
services for the Circular Economy
The implementation of circular business models is associated 
with regulatory, financial, technical, and organizational 
barriers that create challenges for both consumers and the 
value chain [14]. Unlike conventional services, services for the 
Circular Economy are more complex and require a multidi-
mensional approach in their design. We did not arrive at a 
concretization of these features, but we would like to empha-
size the relevance of reducing barriers through services.

Recommended measures:
→	 Standardization should ensure that services for the Circu-

lar Economy are subject to specific features and require 
multidimensional consideration in their design

→	 Definition of criteria for the identification of services for 
the Circular Economy
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2.2 
Electrotechnology & ICT

 49



DIN, DKE and VDI carried out a research of standards to 
ascertain the status quo (see Chapter 1.6.2, [Version 1.8.8, 
September 2022]) From the results list of a total of 2,101 
Circular Economy-relevant standards, 328 documents could 
be assigned to the area of electrotechnology and ICT. In order 
to obtain an initial impression of standardization needs, these 
standards were evaluated on the basis of the nine R-strategies 
(1.6.3) and the cross-cutting issues of the carbon footprint 
(see also section on sustainability assessment) and the digital 
product passport (see Chapter 3.1). Some normative docu-
ments could not be sorted into any of these categories and 
were therefore grouped under “General” (Figure 16).

It can be seen that a significant number of relevant standards 
have already been produced, especially for the “rethink”, 
“reduce” and “recycle” strategies. The strategies “reuse”, 
“repair”, “refurbish” and “remanufacture” are the subject of 
a few standards. “Refuse” and “repurpose” are hardly taken 
into account

 2.2.1 	 Status quo

The electrical and electronics industry is Germany’s second 
largest and most innovative sector, with sales of around 
200 billion euros in 2021. This corresponds to 10 % of German 
industrial production. It generates a quarter of its revenues 
from new products. It is characterized by a broad product 
portfolio and a high degree of internationalization. More 
than 90 % of the companies are SMEs. The electrical industry 
currently employs 876,000 people in Germany [106].

The following section introduces the status quo, requirements 
and challenges, as well as the individual R-strategies in 
terms of their significance for electrotechnology and ICT, 
followed by a discussion of the identified standardization 
needs, including the respective contexts. In some key topics, 
a distinction is made between household appliances, large 
appliances, electrotechnical systems, building installations 
and installation equipment, and ICT due to the different target 
groups, application and usage profiles, or business models.

General; 41

R0 Refuse; 2

R1 Rethink; 56

R2 Reduce; 99R3 Reuse; 8R4 Repair; 25

R5 Refurbish; 8

R6 Remanufacture; 10

R7 Repurpose; 1

R8 Recycle; 90

Carbon footprint; 0

Dig. product passport; 24
2 101

328

Relevant results
(main topics 1 –7)

Main Topic
Electrotechnology 

& ICT

Figure 16: Allocation of the standards search results to the respective R-strategies (Source: DIN)
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→	 the Directive on the restriction of the use of certain haz-
ardous substances in electrical and electronic equipment 
(2011/65/EU) [109], which restricts the use of certain 
substances in electrical and electronic equipment, and 

→	 the Regulation on the registration, evaluation, authori-
zation and restriction of chemicals (1907/2006/EC) [73], 
which restricts or completely prohibits the use of certain 
substances in products.

Mention should also be made of the standardization mandate 
M/543 [110], which was issued in 2016 in the context of the 
then planned further development of the Ecodesign Directive. 
In this mandate, the European standards organizations CEN, 
CENELEC and ETSI were asked to develop standards and 
specifications for the evaluation of different material efficien-
cy aspects (durability, repairability, reusability, remanufac-
turability, recyclability, recycled content) in energy-related 
products. This has resulted in the horizontal DIN EN 4555x 
series [46], which provides the basis for the development 
of product-specific standards on R-strategies (see also 
Needs 2.3, 2.22, 2.31, 2.43).

The same picture emerges when looking at the individual 
sectors of household appliances, large appliances, systems 
and installations, and ICT (Figure 17).

The large number of standards for the R-strategies “reduce” 
and “recycle” can be explained by the fact that electrotech-
nology and ICT have been the subject of environmentally 
relevant European legislation for some time. The protection 
targets contained therein are generally technically specified 
or made measurable by standards. Examples of relevant 
European legislation include:
→	 the Ecodesign Directive establishing a framework for the 

setting of ecodesign requirements for energy-related 
products (2009/125/EC) [21] and implementing acts 
based on it, which primarily set minimum requirements 
for the energy, resource and material efficiency of regu-
lated products,

→	 the Directive on waste electrical and electronic equip-
ment (2012/19/EU) [108], which regulates the collection 
and recycling of waste electrical and electronic equip-
ment,
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Figure 17: Evaluation of the search by sectors (Source: DIN)
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can be increased through the high transparency of product 
properties and overall confidence in product quality can be 
strengthened in secondary use.

An information standard for consumers can help them assess 
the circularity of products. However, an assessment in this re-
spect should also take place on the part of the companies. For 
this purpose, a suitable set of indicators should be developed 
that enables a numerical assessment of the circularity of 
products and is thus suitable for assessing product develop-
ments in relation to the R-strategies.

In some subject areas, cooperation and coordination with 
policy-makers to initialize new standards projects is particu-
larly important, e.g., with regard to possible mandates. The 
following departments of the German federal government 
and Directorates General of the EU Commission should be 
addressed on individual issues:
→	 Directorate General for Environment (DG ENV) [111], the 

Committee on the Environment of the EU Parliament 
[112] and the responsible departments in the German 
Federal Ministry for the Environment, Nature Conserva-
tion, Nuclear Safety and Consumer Protection (BMUV) 
and the German Federal Ministry for Economic Affairs and 
Climate Action (BMWK):

"" Topic: A more intensive collection and capture of 
products to keep them in the cycle longer or to return 
them to the cycle. Reference should be made here 
to existing standards, and further standardization 
activities should be initialized and coordinated (e.g., 
application of the DIN EN 4555x series) [46].

→	 Directorate General for Communications Networks, 
Content and Technology (DG CONNECT) [113]:

"" Topic: Relevant standardization on software and 
update topics and the Cybersecurity Act [107].

→	 Directorate General for Internal Market, Industry, Entre-
preneurship and SMEs (DG GROW) [114] and the BMWK:

"" Topic: Standards are referenced to give detail to the 
technical design of laws and directives. In this context, 
reference is made to a specific version of the stand-
ards. However, standardization and legislation are 
not synchronized: If the standard is revised, the law 
will continue to cite the same, now obsolete version. 
This aspect is becoming more and more critical with 
the increasing complexity and dynamics of technical 
development. Here, it must be clarified how the newer 
standard editions are to be dealt with.

 2.2.2 	 Requirements and challenges

During the discussions with the experts on horizontal and 
normative foundations for increasing the circularity of 
products from electrotechnology and ICT, two key aspects 
were identified: (i) the general need for a comprehensive set 
of indicators related to all R-strategies, and (ii) standards to 
accompany existing and future digital mapping of product 
attributes, such as populating relevant databases. It was also 
reported that a timely and ambitious implementation of fun-
damental political decisions on the energy transition is taking 
place, but that the normative basis and thus the uniformity of 
the implementation have not yet been considered. Basically, 
the legislation accompanied by the standardization needs is 
seen by the experts in the field of product regulation and not 
in the field of waste legislation.

In increasing the circularity of products, there are almost no 
restrictions imposed by the type of product. However, differ-
ent products have two things in common: First, it is advanta-
geous to look at the entire cycle, to abstract and to include 
future scenarios. Second, product safety and other safety 
aspects, e.g. occupational health and safety, must not be 
compromised. In both areas, the standardization landscape is 
very well positioned, both nationally and internationally, and 
an increase in product circularity is in prospect.

Designing products according to the R-strategies represents 
a crucial step towards the Circular Economy. In order to 
successfully implement the R-strategies, it is necessary to 
consider not only with companies, but also with consumers. 
Awareness raising for the Circular Economy should take place 
here, so that a corresponding demand is generated on the 
market for products designed with R-strategies in mind.

In the areas of reuse, repair, remanufacture and repurpose, 
there may be a change of user/owner. Correspondingly 
comprehensive product information enables a detailed 
description of the products and a finely granulated differen-
tiation of the products on the market based on this. Products 
could be purchased, used or installed in a more targeted 
and needs-based manner. This includes a greater number of 
reused, repaired, refurbished or remanufactured products, 
thus increasing the overall circularity of electrical and ICT  4 
products in general. Likewise, the secondary use of products 

4	 Electronic products are understood as a subgroup of electrical 
products.
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checking the completeness and accuracy of information more 
efficiently and effectively for manufacturing and importing 
companies.

Need 2.3: Product group-specific standards for  
durability, repairability, reusability, remanufacturability 
and recyclability based on the DIN EN 4555x series
The European Commission has recognized the need for a nor-
mative basis for establishing a Circular Economy and in 2015 
issued a mandate (M/543) [110] to CEN/CENELEC and ETSI 
for the creation of a series of standards on various topics of 
resource and material efficiency The resulting DIN EN 4555x 
series of standards [46] includes standards for assessing the 
durability, repairability and recyclability of energy-related 
products (ErP). The ErP group was first defined in the Eco
design Directive [21] and includes a wide range of household 
appliances and ICT products, but also large appliances with 
industrial application. The standards of the DIN EN 4555x 
series are generic. They are intended to serve the technical 
bodies of standards organizations as a framework for action 
in the design of product group-specific standards. To date, 
a committee has examined the applicability of the series to 
household appliances (CEN/CLC TC 59X WG 23 “Material effi-
ciency of household and similar electrical appliances”) [117] 
and is currently developing a product group-specific standard 
on the durability of washing machines. Should the Com-
mission’s announcements in the European Green Deal [2], 
Circular Economy Action Plan [4] and the draft Ecodesign for 
Sustainable Products Regulation [140] be implemented with 
regard to the creation of legal requirements for the material 
efficiency of ErP, a large number of product group-specific 
standards for resource and material efficiency will be re-
quired, and the DIN EN 4555x series [46] provides the appro-
priate basis for this.

Need 2.4: Guidelines on “design 4 recycling” and  
“design 4 circularity” and an approach to evaluate the 
optimal R-strategy for a specific product
In order to be able to implement the R-strategies, it is essen-
tial that they are already taken into account in the devel-
opment phase of the products. This “design 4 recycling” 
requires guidelines with a global approach, such as those 
currently being developed by the Circular Plastics Alliance 
[118] on recycling. It must be taken into account here that, as 
a rule, not all R-strategies can be implemented equally for a 
product; rather, an appropriate focus must be set. For exam-
ple, some products focus on maintenance and repairability, 
while others focus on recyclability. Therefore, a feasible ap-
proach to life cycle analysis should be found that allows (with 

 2.2.3 	 Standardization needs

Some standardization needs can be assigned to multiple 
R-strategies. Needs with possible multiple allocations were 
assigned to the most relevant R-strategy (or general standard-
ization needs).

General standardization needs

Need 2.1: Normative foundations for indicators  
for the comparison of individual R-strategies,  
combinatorial approaches and for the measurement  
of overall circularity
The creation of uniform calculation foundations on indicators 
of the individual R-strategies would allow the consideration 
of the overall circularity of a product, system and/or installa-
tion (see also Need 1.1). The indicators thus enabled active 
consideration of the Circular Economy in controlling and 
ultimately in opportunities for the (re)orientation of business 
models and corporate strategies. Methods to compare R-strat-
egies and possibilities of combinatorial considerations, for ex-
ample by converting them into CO2 savings, would be funda-
mental. The latter requires a definition of system boundaries 
at European and, possibly, international level A national view 
of the circularity of products, especially against the backdrop 
of international value chains, is not considered expedient. 
IEC/TC 111 “Environmental standardization for electrical and 
electronic products and systems” [115] and IEC SMB ahG 
94 “Carbon Footprint Data Collection” [116] are mentioned 
as examples of international standardization activities. The 
application of R-strategies must not reduce essential product 
properties such as product safety, and manufacturer obliga-
tions and responsibilities should be taken into account.

Need 2.2: Guides for filling and checking the SCIP, EPREL 
and other databases
Product properties can be described by key figures. These 
can be the indicators of circularity mentioned in the previous 
paragraph. Other key figures such as the energy efficiency or 
the pollutant load of a product are already collected and re-
ported to relevant bodies or entered in the existing databases 
SCIP (Substances of Concern In articles as such or in complex 
objects (Products)) and EPREL (European Product Registry for 
Energy Labelling) [126], [127]. With regard to the databases, 
the reduction of efforts for data entry has been increasingly 
mentioned. Manufacturing or importing companies would 
make data entry guides, tailored to existing and future (see 
Chapter 3.3) databases, as well as quality assurance or 

Standardization Roadmap Circular Economy – 53

CHAPTER 2 – Electrotechnology & ICT



specific technical solutions for the safety of power outlets. 
In the course of a Circular Economy, care must be taken to 
achieve harmonization of requirements wherever possible.

At this point, special attention should be paid to the areas of 
waste treatment and recycling. In order to be able to recycle 
products efficiently at the end of their service life, appropriate 
markings are sometimes required on them. The free flow of 
goods in the European internal market makes uniform label-
ling across member states necessary. In addition, European 
harmonization of nationally developed process standards can 
lead to further improvement.

Need 2.8: Assessment of the usefulness of the 
digitalization rate of products and services
When bidding for funding programs, it should be noted that 
even in the age of digital transformation, not every form of 
digitalization should be positively included in the evaluation 
of project eligibility. Here, a standardized consideration of the 
usefulness of the digitalization rate of products and services 
would be beneficial. Digitalization that goes too far creates 
avoidable consumption in the provision of computing power 
through data centres and data transfer.

Need 2.9: Inclusion of circular-oriented funding criteria 
to promote innovation and research in addition to the 
energy efficiency of products
An additional field of action for the establishment of a 
Circular Economy would be given in public funding. The 
assessment of eligibility for funding mainly includes criteria 
on energy efficiency, sustainability strategies and targets, etc. 
Circularity-relevant aspects such as reuse or refurbishing of 
products have not been applied so far. Frequently, innovation 
and research funding promotes the development of novel 
products and partly excludes aspects of reuse. In this case, 
it would be advantageous to open up the criteria catalogue 
in order to promote a circularity-oriented product design. 
Standards for the Circular Economy of a wide variety of 
products could be added here without neglecting the energy 
efficiency of products, which has been taken into account up 
to now.

Need 2.10: Standards for the decommissioning and 
dismantling of renewable energy power plants
The measures taken by the German government and the 
European Union to achieve clearly defined energy and 
emissions savings are set out in several strategic plans. The 
establishment of renewable energies, for example through 
the expansion of wind power or solar systems, is mentioned 

a special focus, if necessary) the testing and evaluation of the 
individual strategies for a specific product or product group in 
order to find an optimized balance between the R-strategies. 
Basically, product group-specific design guidelines are neces-
sary for all R-strategies.

Need 2.5: Coordination of standardization activities on 
the Circular Economy
The increase in circularity not only affects individual markets. 
The international value chains, sales and reuse of electro-
technology and ICT products that have arisen as a result of 
globalization require close cooperation between national and 
international standards organizations. It would be beneficial 
for existing supranational organizations to coordinate and 
cooperate in order to coordinate developments on the indi-
vidual R-strategies and to achieve a holistic understanding 
of a Circular Economy at international level. Involvement 
of the International Resource Panel of the UN Environment 
Programme (UNEP IRP) [119] would need to be explored. 
An existing positive example is the cooperation between 
ISO/TC 262 “Risk Management” [120] and ASTM F42 “Additive 
Manufacturing Technologies” [121] on additive manufactur-
ing – more such cooperation would be desirable

Need 2.6: Establishment of standardized information 
transfer based on international standards and 
development of cost-effective and simple analytics for 
quality assurance of secondary raw materials
Particularly in the quality assurance of secondary raw mate-
rials, standardized information transfer (see also Need 1.5) 
plays a decisive role in the implementation of the Circular 
Economy. It is expected that an increase in circularity will 
also increase the variety of materials and material composi-
tions. Due to the very long life cycles of certain products and 
accordingly not always available information, standards for 
the analysis of certain substances may therefore be required 
for the quality assurance of secondary raw materials in cases 
of doubt.

Need 2.7: Necessity of European/International Standards
The Circular Economy is a fundamentally different way of 
doing business that, when fully implemented, is not limited 
to one country or region. For this reason, European (CEN, 
CENELEC, ETSI) or International Standards (ISO, IEC, ITU) 
should be preferred for standards relevant to the Circular 
Economy in order to be able to exploit their potential to the 
full. Among other things, it is important to counteract 
limitations from the history of these standards. In Europe, 
for example, there are currently still national standards on 
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in the standard being developed or revised. This can gener-
ally be ensured by a technology-neutral approach. In addi-
tion, standards can intensify the use of products by setting 
frameworks on alternative applications (see also section 
“Repurpose”), not least with regard to safety-related aspects, 
and by providing the normative basis for the corresponding 
legal framework. Standards for environmentally conscious 
product design based on the principles of the Circular Econo-
my should be developed and applied here.

Need 2.12: Holistic product evaluation based on 
environmental and material efficiency parameters
Similar to the description of indicators in the chapter on gen-
eral standardization needs (Need 1), an integrative approach 
between different product parameters is suggested for the 
evaluation of product circularity. Besides CO2 equivalents, 
additional other environmental impacts (pollutants, land use, 
etc.) and material efficiency parameters, such as durability or 
recyclability, can be taken into account. Essential for consid-
eration would be the negative influence of individual param-
eters on the overall evaluation of the product. Conflicting tar-
gets are likely, as simultaneous optimization of all parameters 
is often technically difficult to achieve. For example, increas-
ing the functionality of products can have a negative impact 
on recyclability should complex materials such as composites 
also be used for higher complexity functions. Solutions to 
the conflicting targets should be sought, taking into account 
possible synergy effects.

Need 2.13: Consideration of standards on data interfaces 
in the digital product passport
In the past, holistic considerations have led to design solu-
tions that could be implemented in a technology-neutral 
manner. Positive examples can be found in interfaces, e.g. 
standardized, digital interfaces such as digital nameplates in 
accordance with DIN EN IEC 61406 [122].They could some-
times be applied as a QR code on the product or at compo-
nent level, and refer to the product documentation at the 
manufacturing company. This could also be linked to the 
service documentation “Identification Link”. Static (manufac-
turer name, production location, etc.) and dynamic informa-
tion (usage cycles, repairs, etc.) would have to be taken into 
account. The digital interfaces in building services are also 
assessed positively. Special attention should be paid to the 
developments in the context of the establishment of a DPP 
(see also general Needs 1.5-1.17) by the European Commis-
sion and current developments at IEC level (CDD, Common 
Data Dictionary [105]). The standardized digital interfaces 
of the positive example in building services mean that there 

as being essential. In this regard, the experts discussed the 
predicted lifetimes of renewable energy power plants and 
increasingly referred to the need to reflect the decommission-
ing and dismantling of obsolete plants (see also the section 
on dismantling buildings) in the standardization landscape. A 
consideration of the circularity of the plants promotes on the 
one hand their overall benefit, creates on the other hand new 
business models, and possibly reduces the dependence on 
suppliers of components or raw materials for the production 
of components. Need 7.14 in Chapter 2.7 also relates to the 
dismantling of structures.

Refuse

A link to the UN’s refuse strategy (see Chapter 1.6.3) can be 
found in conceptual (product) standards, for example in 
standards on environmentally conscious product design or 
the orientation to the principles of the Circular Economy dis-
cussed here. According to the definition of the refuse strategy, 
a product is to be dispensed with or the same function is to 
be replaced with a radically different (e.g., digital) product 
or service. A corresponding field is, for example, the stand-
ard-accompanied establishment of “digital twins”, which 
are intended to replace the analogue labelling of services, 
materials and products.

Need 2.11: Revision of the normative basis for the use 
of flame retardants, taking into account recyclates and 
integrated measuring systems
A need for revision was identified in a discussion on the use 
of flame retardants in plant construction. The consideration 
of recyclates in general, as well as of integrated measuring 
systems is suggested. If temperature or voltage peaks can be 
avoided by measuring systems and the associated intelligent 
plant control, different requirements for the use of flame 
retardants should apply than for plants without integrated 
measuring systems. However, negative effects on occupation-
al health and safety and/or product safety must be avoided.

Rethink

The rethink strategy (see Chapter 1.6.3) is suitable for use in 
(product) standards to a limited extent Similar to the refuse 
strategy, it can be found in standards for environmentally 
conscious product design or in service models. For standards 
bodies, this means ensuring that product-as-a-service, reuse, 
or sharing and service models are not hindered or prevented 

Standardization Roadmap Circular Economy – 55

CHAPTER 2 – Electrotechnology & ICT



Need 2.16: Standard for changing product performance 
through software updates
Product failures can also be caused by software (errors). The 
normative framework should be created to make obsoles-
cence by software more difficult for electrotechnology and 
ICT products and to maintain operability in the long term 
without sacrificing product safety. In addition, standardized 
criteria should be created to determine when a software 
update changes the basic function of a product and to allow 
a distinction to be made between reused, refurbished or 
remanufactured.

Need 2.17: Standard for application-related 
differentiation of joining and fastening techniques
Restrictions on the dismantlability of products sometimes 
prevent simple repairs and additionally reduce the number 
of potential recycling processes at the end of the product life 
cycle. For neutral evaluation and as a tool for selecting joining 
and fastening techniques during the product design phase, 
a standard that differentiates on the basis of frequently used 
joining and fastening techniques, depending on the applica-
tion and product type, in the sense of the goals of a Circular 
Economy (“reuse”, “repair”, “recycle”) would be expedient. 
Using this standard, the increase in product circularity due to 
the use of adhesives in respective applications can then be 
assessed.

Should it be necessary to disassemble the products for 
repair or even for a recycling process, there are many pos-
sibilities for loosening the joint connections. For example, 
DIN/TS 54405 [123] provides users, and especially designers 
of products, with a guideline for separating bonded joints 
with the aim of reusing the recyclable materials.

Need 2.18: Quality standards and reference materials for 
recyclates
The increase in the use of recycled materials in new prod-
ucts, especially plastics (see Chapter 2.5), can be promoted 
by defined material properties. Material standards based on 
the material type, taking into account the required technical 
properties of the intended application, are decisive for this. 
These can be supplemented by information on the presence 
of declarable substances according to harmonized or interna-
tional standards and specifications. This would also increase 
the acceptance of secondary raw materials in general and 
thus make a significant contribution to a Circular Economy.

The considerations mentioned in the previous paragraph go 
well beyond plastics. Another example would be variations in 

are no limitations, and suppliers of control systems generally 
offer uniform digital interfaces.

In order to enable a later automated system view (e.g. of 
a production plant using many products), the necessity of 
providing the DPP data in a standardized, machine-readable 
form is seen.

The DPP should take into account information on digital 
products related to ICT products. One example is the emis-
sion of CO2 equivalents during the manufacture and opera-
tion of digital products.

Need 2.14: Standards for the measurement of product 
change during the uploading and installation of updates
In line with the rethink strategy, intensification of product 
use could also be achieved with regard to the software used. 
This should include a consideration of liability, copyright 
and licensing terms when uploading and installing updates. 
Criteria for maintaining type approval and product safety 
would also have to be described. The criteria should also 
illustrate the extent to which product updates are foreseen 
and can be described accordingly in advance.

Reduce (by design)

In addition to energy efficiency, the frequently mentioned 
product efficiency can also be understood as material and 
resource efficiency. The “reduce” strategy (see Chapter 1.6.3) 
is supplemented by the addition “... by design” and is thus re-
flected in a wide variety of standards. In addition to measur-
ing and calculating the energy consumption of products and 
the resulting design changes, increased durability, repaira-
bility, reusability, etc. can also help to reduce resource and 
material consumption over the entire product life cycle.

Need 2.15: Guide to circularity-oriented information on 
substances 
Standards that take the “reduce” strategy into account 
promote the longer use of products and can create basic 
conditions for any Circular Economy aspects through the 
respective product design (see Need 1.10). Normative frame-
works on joining and fastening techniques can increase the 
dismantlability of products and increase the yield of recycling 
processes. Declaring hazardous substances in standardized 
formats would increase knowledge about the presence of 
these substances and greatly reduce the capacity needed to 
share information. 
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used. There would be considerable potential for energy 
savings through the use of more efficient system technology. 
Consumption would be reduced, and modern switchgear 
would enable targeted readjustment, e.g., when the usage 
profile of a building changes or individual components 
wear out. This is partly taken into account in the field of air 
conditioning and ventilation systems in the specification 
for energy inspection (DIN SPEC 15240 [124]) and could be 
extended to other areas of electrical engineering in residential 
and non-residential buildings.

The frequently considered building automation could 
be supplemented by further, fundamental aspects of the 
building installations, profitably for operators and users. If, 
in the future, the expansion of renewable energies is also to 
be supported in the residential and non-residential building 
sector by generating and storing energy in the building, 
suitable infrastructure and building services engineering will 
be required. In addition, the previously described modern-
izations support building safety such as fire protection. For 
this purpose, it is necessary to develop appropriate standards 
Existing practical examples include the normative funda-
mentals for the mandatory replacement of outdated heating 
systems and subsidies for the optimization of air conditioning 
and ventilation systems in existing buildings.

Need 2.22: Standards for determining the durability of 
products
For consumer products, standards to determine product 
life would support future legislation to extend product use. 
They could form the basis for calculating statutory minimum 
requirements, contribute to a warranty obligation in line with 
the current German government’s Coalition Agreement [1], or 
promote comparability among products and provide con-
sumers with highly relevant information for their purchasing 
decisions, analogous to the energy efficiency labelling provid-
ed by the EU energy label [125]. In addition to the environ-
mental aspects of extending product life, additional operating 
costs for consumers due to additional repairs or procurement 
of a replacement product can also be considered. Standards 
at the component level (number of switching cycles, mating 
cycles, etc.) already exist in the field of type testing and 
could, for example, be incorporated into the elaboration of 
product group-specific standards using DIN EN 45552 [318] 
on the basis of standardized assumptions about the product 
environment and use. Further standards on the service life of 
components, such as the processor of smart products, would 
need to be developed.

the pollutant load of non-ferrous metals, which are included 
in the substances already covered by REACH. According to 
the experience of experts from electrotechnology and ICT, the 
ranges of substances in non-ferrous metals, even in standard 
alloys, are very wide in terms of a possible reporting obliga-
tion. Thus, standard materials of one manufacturer could not 
be subject to notification, but those of another manufacturer 
could be subject to REACH [73] requirements. A standard for 
the harmonization/limiting of standard materials, if necessary 
accompanied by the development and provision of suitable 
reference materials, can remedy this situation and increase 
the use of new and recycled materials in new products.

Need 2.19: Standard for determining the consumption of 
(industrial) systems
Further standardization needs with regard to the “reduce (by 
design)” strategy relate to large-scale appliances, systems 
and installations. In the case of industrial systems, it would be 
beneficial to have a standard for determining the consump-
tion of the entire plant, which would be a strategic parameter 
for operators when choosing the appropriate time for mod-
ernization measures. Consumption could be used as another 
decision criterion for the procurement of new systems or sys-
tem components. Components of functional safety or build-
ing security are of particular importance. These often operate 
according to the closed-circuit current principle, i.e. they are 
constantly supplied with energy. Standards that contribute to 
lowering the energy demand of these construction elements 
can significantly reduce the energy demand.

Need 2.20: Standard for functionally stable operation
A normative description of the optimal operating and 
environmental conditions, regular maintenance and mini-
mum qualification of the operating personnel would have a 
positive effect on the functional stability of products, systems 
and installations. These descriptions are not expected to 
circumvent the requirements for safe operation or to coun-
teract other aspects relevant to circularity, such as repair, but 
should go beyond the minimum requirements for commis-
sioning by operators.

Need 2.21: Standardized assessment criteria for  
energy and material efficiency of building services and 
installations
A standardized consideration of energy savings in building 
installations, similar to the criteria of the existing KfW 
subsidies for residential and non-residential buildings, would 
be a suitable way to modernize the building stock with regard 
to electrical installations and the electrotechnical products 

Standardization Roadmap Circular Economy – 57

CHAPTER 2 – Electrotechnology & ICT



through standards-based product labelling or information 
provided to consumers. Standards for the quality assurance 
of “reused”/”refurbished” products can be used for this pur-
pose, which describe the necessary process steps. Here, too, 
there is a product-specific need for standardization.

Need 2.25: Design standards for defect-free disassembly/
removal and secondary installation
Reuse of products, systems, or installations can involve a 
change in location. Damage during component removal and 
installation should be considered accordingly when con-
sidering standards for reuse. This includes damage to the 
components to be used in another place and also the product 
itself, which could be damaged during the installation of 
the component to be reused. These circumstances should 
be considered at least in relation to product safety and, in 
addition, the cost-benefit ratio should be determined to verify 
the functionality of components and the overall product. In 
addition, it would have to be examined at what level of use of 
reused components a product is placed on the market again 
and a corresponding conformity assessment or type approval 
has to take place.

Design standards are required to ensure that electrotechnical 
or ICT products can be used in another location for secondary 
use. These could define the type and location of fasteners, 
power supply, water supply line, etc.

Need 2.26: Revision of the standard on data destruction 
DIN 66399 with regard to the reuse, refurbishment and 
remanufacturing of electrotechnology and ICT products
If there is a change of ownership and sensitive data is stored 
on the product, system or installation, it should be possible 
to delete it. A possible technical solution would also be to 
store the data on the data carrier in encrypted form. Require-
ments and best practices for on-device data erasure through 
off-device solutions for secure and consumer-friendly data 
erasure should be developed and standardized. 

Repair

The core of the “repair” strategy is to extend product life 
through maintenance and repair, thereby reducing the need 
for new equipment and consequently saving raw materials 
and energy in production. Standardization bodies are 
encouraged to consider defects as well as their remedies 
when preparing their documents. On the one hand, this 
concerns product design and a corresponding avoidance of 

Need 2.23: Normative basis for the definition  
of circularity-oriented warranty claims of consumer 
products
Should the warranty obligation mentioned in the previous 
paragraph come into play, standardized warranty claims 
would be fundamental to avoid consumer confusion at the 
point of sale. Experience from other legally required labels, 
e.g. the EU energy label [125], has shown that uniform labels 
that are independent of manufacturers in terms of content 
and design are taken into account by a majority of consumers 
when making their purchasing decisions. In addition, when 
formulating any warranty claims, it would be necessary to 
consider whether options for action to strengthen the circu-
larity of products (e.g., a repair) could be brought forward.

Reuse

Like the “reduce (by design)” strategy (see above), the “reuse” 
strategy (see Chapter 1.6.3) can be applied in a wide variety 
of standards When drawing up their documents, standardiza-
tion bodies must ensure that the reuse of functioning prod-
ucts for the same purpose is not prevented in principle, but 
that basic principles for reuse are taken into account. These 
documents include information for the secondary user, for 
example about the composition/structure, pollutants, usage 
history, etc. If product-related data is stored on a product, the 
handling of this data and the complete deletion before the 
product is reused must be mentioned.

Need 2.24: Criteria for classification of repaired, 
refurbished and remanufactured products
A potential transfer of responsibility is another key aspect of 
intervening in product design through reuse of used compo-
nents, repair, refurbishment and remanufacturing. Criteria 
must be standardized as to up to which degree of change to 
software, component and/or the overall product the original 
manufacturing company continues to be responsible, from 
which point a new placing on the market takes place, or when 
another market participant is responsible. This could also be 
normatively reflected in the creation of a legal foundation for 
the establishment of markets for used components, refur-
bished and remanufactured products, and reduce corre-
sponding concerns about product safety among consumers, 
distributors and in procurement. According to the assess-
ment of the electrotechnology and ICT experts, function- or 
safety-relevant changes should only be carried out by per-
sons who subsequently assume manufacturer responsibility. 
Trust in reused products (and components) can be increased 
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Need 2.27: Standards for assessing repairability at the 
product level
At the time a product is purchased, it is generally difficult 
for users to anticipate the possibility of repair in the event 
of a defect. The labelling of products with a repair index can 
compensate for this information deficit and, at the same 
time, contribute to the development of repair-friendly prod-
ucts by establishing a distinctive feature. In principle, repair 
marking of products should be based on European, ideally 
International Standards tailored to the respective products 
or product groups. When drawing up the standard, particular 
attention should be paid to the external verifiability of the 
assessment parameters, as this is the only way to establish 
confidence in the assessment metric. While repairability 
labelling for consumer products has an indirect positive effect 
on longevity, labelling for commercial and industrial products 
has limited applicability and should be limited to operating 
equipment such as control elements. In addition to spare 
parts and especially for wear parts, consumables and their 
accessibility should also be considered in product design 
standards.

Need 2.28: Standards on product information  
(see Chapter 3.3) and interoperability of components  
and wear parts
There is also a perceived need for standards relating to the 
availability of information, and to the interoperability of wear 
parts in order to ensure the comparability of different prod-
ucts. The interoperability of components is not limited to the 
necessary geometric and electrical properties to be used in 
different products, but can also include communication with 
the product. One example is batteries, which, for example, 
transmit the state of health of the battery to the product.

Need 2.29: Standardized criteria for the provision  
of product or system information on composition, 
structure and usage history
Product and system information, e.g. on repairability or usage 
history, should be made available in a standardized form via 
a digital product passport (see Chapter 3.3). This includes 
information on the availability of spare parts and required 
(special) tools. The question of warranty after a repair not car-
ried out by the original manufacturing company should also 
be included in the design of the digital product passport. This 
could be done by means of dynamic components in the prod-
uct passport, which could evolve over the life of the product 
and contain, for example, entries on repairs that have been 
carried out. With the digital product passport, however, it is 
important to consider what information is useful to con-

normative provisions that prevent subsequent repair. On the 
other hand, other areas, such as standards to ensure product 
safety, are also affected. Here, it is important to consider the 
case of product repair, including requirements that map the 
safety of the repairer as well as the safety of the product user 
(e.g. according to DIN EN 50678 [128]). Both aspects, the pos-
sibility and the safety of the repair, should be accompanied 
by standardized information. Information gaps in this regard 
would prevent repair from the ground up.

An important aspect of repairing a product is the availability 
of spare parts. This is currently not ensured without restric-
tion beyond the period of the statutory warranty. Standard-
ized interfaces for components with a high expected failure 
rate could lead to stimulating the third-party market and 
thus counteracting bottlenecks in spare parts. Standardized 
interfaces have the greatest possible effectiveness in connec-
tion with modular product design. Product group-specific 
standardization is expedient here.

The promotion of product repairs and the associated exten-
sion of service life is linked to advancing legislation. It is not 
uncommon for long-lived products to outlive one or more re-
visions of relevant legal frameworks such as chemicals legis-
lation (RoHS [109], REACH [73]), relevant product safety legis-
lation (Low Voltage Directive [129], Machinery Directive [130]) 
or environmentally sound product design (Ecodesign Direc-
tive [21]). This may result in spare parts not being allowed 
to be placed on the market without restriction. Qualification 
of new spare parts that comply with the current legal frame-
work is only possible to a limited extent due to the product 
design. One way to counteract this would be to consider the 
“repair-as-produced” principle. This principle has already 
been incorporated into legislation, e.g. in the drafting of the 
Directive on the Restriction of the Use of Certain Hazardous 
Substances in Electrical and Electronic Equipment (RoHS) 
[109] or the End-of-Life Vehicles Directive [131], and should 
be accompanied by standards beyond these examples.

In addition, existing knowledge on the ageing of various 
product components from repair databases can be used 
to prevent product failure through timely intervention. For 
this to succeed, this information should be made publicly 
available and supplemented with relevant safety aspects. 
Analogous to this is the confidentiality of intellectual 
property, which can have a negative impact on the repaira-
bility of products (monopolization of certain spare parts or 
diagnostic software).
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Need 2.31: Extension of DIN EN 45554 to include metrics 
for refurbishing
In order to be able to design products in the future that allow 
for easy refurbishing, there needs to be a uniform metric on 
how to measure or evaluate this. For remanufacturing, there 
is already a horizontal European standard (DIN EN 45554 
[338]), which explicitly takes into account the work steps in 
a remanufacturing process. This standard should be supple-
mented by the refurbishing of products or, alternatively, a 
separate standard based on DIN EN 45554 should be devel-
oped.

Need 2.32: Standards for implementing 
upgradeability-by-design
Refurbished products are usually products that have been 
used for a long period of time. Depending on the product 
group, new products have higher performance or a higher 
range of functions (e.g. memory capacity or processor speed 
of PCs). It is therefore important to take into account the pos-
sibility of increasing or expanding the performance or range 
of functions of a product at a later point in time, right from 
the product design stage. Product group-specific standards 
for product design should be developed to provide guidance 
for product development.

Remanufacture

The “remanufacture” strategy deals with the preservation 
of raw substances and materials contained in components 
by substituting already used components in used products. 
Regardless of the number or percentage of substituted com-
ponents, the product must be placed on the market anew 
and is therefore no longer a used product. This product must 
meet the requirements of the relevant product standard at 
the time it is placed on the market. For a differentiation of 
“remanufacture” and “refurbish”, please refer to the previous 
section “Refurbish”.

The following aspects should be considered when creating 
new standards or revising existing ones: (i) modular product 
design, (ii) simplified removability of components and, 
where relevant, ensuring (iii) standardized interfaces (e.g. for 
electronic products and ICT). Standards on suitability tests for 
used components are also fundamental. The product safety 
of the overall product must not be compromised, and must 
comply with the requirements for placing on the market/
commissioning.

sumers. Extensive information and documentation can be 
daunting and overwhelm consumers. A possible workaround 
would be to subdivide the information by service level, and 
in addition, the information can be provided in a database-
driven manner.

Need 2.30: Standard for onboard diagnostics of products
Onboard diagnostics, such as those already established in 
the automotive industry, could be extended to consumer, 
commercial and industrial products. If no diagnostic tool is 
available, this may prevent repair, product refurbishment 
or remanufacturing. In some cases, product groups are 
equipped with the appropriate diagnostics, but access regula-
tions, for example a restriction to only reading out the error 
sources, should be considered in a standard.

Refurbish

The refurbish strategy deals with the extension of product 
life by renewing and/or repairing individual but essential 
components. Refurbishing must be clearly distinguished from 
remanufacturing: During refurbishing, the product identity 
is retained, i.e. it is not placed on the market again. During 
remanufacturing, the product identity is lost; the remanufac-
tured product is a new product that must be placed on the 
market anew. Accordingly, it must meet the legal product re-
quirements at the time of re-marketing (at the time of writing 
this Standardization Roadmap, a DIN SPEC with approaches 
to definitions for refurbishing and remanufacturing is being 
prepared [132]).

For standardization bodies, this means that the possibility 
of product refurbishing must also be considered and clearly 
distinguished from remanufacturing. This concerns product 
safety as well as product design requirements.

Currently, there is no normative basis for when a renaming 
(rebranding) of the product, i.e. the removal of the original 
manufacturer’s name and the addition of the name of the re-
manufacturer, must take place. While this process is common 
for industrial machines, the situation is unclear for consumer 
goods. The possibility of renaming can be limited by various 
factors such as product design and copyright protection (de-
sign patents). This makes it difficult to differentiate between 
original equipment manufacturers and remanufacturers, e.g. 
in liability issues. Therefore, a need is identified for a doc-
ument that provides guidance on the circumstances under 
which a renaming should occur.
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components, subsequent recycling of the product must also 
be taken into account. Technical specifications, in particular 
those that ensure the safety of a product (e.g. against impact 
or fire), must be complied with and should not be restricted 
by specifications aimed at increasing the recyclability of 
products. Also crucial is the consideration of standards on 
partial aspects of the recycling processes themselves, for 
example thermochemistry, process analytics and material 
separation. They must mesh with quality management and 
quality assurance standards. Very durable products require 
special attention. Legal requirements change in the course of 
revisions. As a result, products may no longer be recyclable 
or the secondary raw material obtained may no longer be 
used in new products. Examples include batteries, some of 
which have a very long service life, as well as capital goods, 
e.g. from the mechanical and plant engineering sector. 
Recent European regulations, such as the POP Regulation 
[133], make it more difficult to use secondary raw materials 
obtained from material recycling.

Need 2.34: Standard for calculating the environmental 
impact of materials (conversion factors)
The development of harmonized calculation methods of 
recycling efficiencies should take place in standardization. 
Here, the calculation methods can be established by consen-
sus, while the percentage targets are to be defined in politi-
cal discourse. The calculation of recycling efficiency can be 
based on both the masses recycled and the environmental 
impacts avoided. For the latter, there is a lack of standardized 
conversion factors.

Need 2.35: Standard for the description of reference 
materials for secondary raw materials
Standards on secondary raw materials must be developed 
in cooperation with the other sectors concerned, since 
electrotechnology and ICT rely on the recycling flows of the 
upstream chains (uniform conventions must be developed 
there). A distinction should be made between secondary 
materials from regulated products, such as products within 
the scope of the Ecodesign Directive [21], the Electrical and 
Electronic Equipment Act (ElektroG) [134] or RoHS [109], 
and secondary raw materials from unregulated products, as 
these may contain substances that may not be placed on the 
market in new electrotechnical or ICT products under current 
legislation. In principle, the exclusion of hazardous sub-
stances is necessary in order to be able to reuse secondary 
raw materials. To test this, the development of standardized 
reference materials is necessary (see also Need 2.18).

In summary, no urgent need for standardization on reman-
ufacturing was identified during the development of this 
Standardization Roadmap.

Repurpose

The “repurpose” strategy deals with the use of a product for a 
purpose other than that for which it was specifically manu-
factured, thus distinguishing it from reuse, refurbishment and 
remanufacturing. This “intentional change of purpose” can 
lead to an increase in the circularity of a product. A frequently 
discussed example is the use of energy storage from the mo-
bility sector for the heating sector. The capacity of the storage 
unit is no longer sufficient for operating an e-car, but it can be 
used as energy storage for a heating system (e.g. combination 
of PV and heat pump), for which the capacity is sufficient for 
operation in the medium to long term.

Need 2.33: Standardized catalogue of criteria for 
evaluating the change in product purpose
The change of purpose can be simplified or made possible in 
the first place by a software update. It is important to mention 
that such a software update serves the purpose of changing 
the basic function of the product. The product is to be 
categorized and treated according to the changed purpose.

The future “intentional change of purpose” can only be 
foreseen to a limited extent by the manufacturing companies 
and standardization bodies and can therefore be taken into 
account to a limited extent. However, if an intentional change 
of purpose does take place, it must be accompanied by an 
appropriate normative framework on product safety and 
other safety aspects, e.g. occupational health and safety. It 
would also be helpful to have a standardized catalogue of 
criteria in the form of a guideline that helps to clearly differ-
entiate between purpose retention and “intentional change 
of purpose”.

Recycle

The recycle strategy aims to recover valuable materials from 
disposed products. For this to succeed efficiently, various 
aspects must be taken into account in standardization work: 
(i) material compounds must be separable as far as possible 
if they are not recyclable in the same process, (ii) additives 
(e.g. flame retardants) should not inhibit recycling, and (iii) 
in the case of safety-related requirements for materials or 
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ing targets required by the German Electrical and Electronic 
Equipment Act (ElektroG) can be met. Added value could be 
achieved by expanding the DIN EN 50625 series of standards 
to include a consideration of the current state of the art as 
well as quality requirements for the resulting secondary raw 
materials.

Need 2.40: Recommendations for standardized 
information transfer and extension of the DIN EN 62321 
series of analytical standards to include recycling-
relevant substances
One challenge in the recycling of valuable materials, includ-
ing electrotechnical and ICT products, is the removal of harm-
ful substances. In order for materials derived from recycling 
to be used as secondary raw materials, the absence of harm-
ful substances must be guaranteed. Standards for material 
declaration (e.g. according to IEC, ISO/IEC or IPC standards) 
or for information transfer (e.g. according to DIN EN IEC 63000 
VDE 0042-12, Technical documentation for the assessment 
of electrical and electronic products with respect to the 
restriction of hazardous substances [137]) can help to provide 
reliable statements on the presence or absence of harmful 
substances. The DIN EN 62321 series [136] of standards 
should be used when the presence of certain products is to be 
tested by chemical analysis.

Need 2.41: Revision of the DIN 66399 series to enable the 
recovery of critical raw materials, such as neodymium 
from hard drives
A concrete need for standardization could be identified in 
relation to the recycling of hard drives and the recovery of 
rare earths, specifically neodymium. The data destruction 
standards in the DIN 66399 series [138] should be revised 
to allow the recovery of critical raw materials such as neo-
dymium from hard drives. DIN 66399 requires mechanical 
destruction of data carriers such as hard drives, which are 
therefore usually completely shredded without separating 
the neodymium magnets as a whole from the hard drive. 
Thus, the magnets are effectively lost for recycling where data 
protection requirements have to be met. Data protection and 
rare earth metal recycling are in opposition to each other, 
since after mechanical destruction, large-scale separation of 
neodymium magnets is no longer possible. Non-destructive 
alternatives for data destruction (e.g. degaussers [139]) are 
available, but currently not considered in the DIN series.

Need 2.36: Information standard for the provision  
of information relevant to recycling
A material passport (see Chapter 3.3) for products can help to 
increase the recycling efficiency of products and, for example, 
indicate the presence of any substances that are detrimental 
to recycling. However, this requires process standards for 
waste treatment and recycling that are tailored to this 
purpose. The material passport should clearly state the nec-
essary information on weight fractions and volume fractions 
and be limited to the necessary information. In addition, the 
material passport could help to identify particularly valuable 
components and mark them on the product. Concrete stand-
ards are needed both for the material passport and for the 
uniform marking of components and materials.

Need 2.37: Standards on design 4 recycling
The recyclability of a product is already determined during 
product development by the respective design. This is 
precisely why product development is the greatest lever for 
products suitable for recycling. Guidelines or standards for 
the design of recyclable products can help here. These guide-
lines should consider, among other things, a modular product 
design (see also the sections on Repair and Remanufacture). 
Different joining and fastening techniques should also be 
included in these guidelines, depending on the anticipated 
recycling process. This can mean that housing connections 
should be detachable with simple tools.

Need 2.38: Standards for calculating the recycling rate of 
electrotechnical and ICT products based on the products 
actually disposed of
The European Union’s minimum recycling efficiency require-
ments under the WEEE Directive [108] are currently calculat-
ed on the basis of the number of electrical appliances placed 
on the market in a given year. The time lag between the 
acquisition of a product and its disposal leads to a fuzziness 
in the calculation of the actual recycling efficiency. Therefore, 
in order to determine the recycling share of electronic and ICT 
products, appropriate standards are required that describe 
the qualitative collection of end-of-life devices in relation 
to the requirements of the German Electrical and Electronic 
Equipment Act (ElektroG).

Need 2.39: Extension of the DIN EN 50625 series of 
standards to include consideration of the current state  
of the art as well as quality requirements
With the DIN EN 50625 series [135], standards already exist for 
the treatment of waste electrical and electronic equipment. 
These largely deal with the description of how the monitor-
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Need 2.42: Standards to provide common material com-
positions in the case of established technical solutions
Standards are basically technology-neutral and allow dif-
ferent technical solutions for a specific requirement. This 
ensures fair competition and does not inhibit innovation 
processes. However, should increased interoperability lead 
to technical solutions that use the same materials, standards 
aimed at making this information available would be benefi-
cial. The information generated using these standards would 
have added value to the recyclability of the products con-
cerned, as waste management can adapt to it and possibly 
provide tailored solutions. One example where a particular 
technical solution has become established is the uniform 
charging plug for e-vehicles, which is standardized.

Need 2.43: Standards for the traceability of materials for 
secondary raw materials
In order to promote the use of secondary raw materials 
generated through recycling, there is a need for guidelines or 
standards that can be used to determine the proportion of 
secondary raw material in the product. DIN EN 45557 [341] 
provides a horizontally applicable metric that should be 
extended depending on the material or product. Traceability 
(see also Need 1.22) along the supply chain, in particular, is 
often discussed in general terms and should be viewed in a 
differentiated manner. Only a credible determination of the 
proportion of secondary raw materials in products allows 
advertising claims to be made, greenwashing to be avoided, 
and this information to be made available to purchasers 
when making purchasing decisions.
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2.3 
Batteries



requirements for establishing a Circular Economy in the area 
of batteries. Therefore, the requirements for the Circular 
Economy within the Battery Regulation are reproduced 
according to the current status in Table 1, as are needs that 
are not or only partially covered by the Battery Regulation. 
In addition, the preparation of specific standards has already 
been requested via standardization request M/579 [145] (see 
also Chapter 2.3.2).

Evaluation of standards research
A total of 89 standards were identified during the standards 
research [146], 57 of which address the topic of the Circular 
Economy and batteries. 32 other standards and specifications 
could be applied to a digital product passport (see Figure 18). 
Most standards relate to the area of recycling (classic area of 
the Circular Economy), whereas there are only a few on the 
R-strategies “refuse”, “rethink” and “reduce”. The different 
R-categories are evaluated from an ecological point of view 
using mainly the carbon footprint as an indicator. There is 
only one draft standard for this, which deals specifically with 
the carbon footprint of batteries. Three others deal only mar-
ginally with the issue of the carbon footprint (see Figure 19). 
Regarding “repair”, many requirements are already formulat-
ed in the Battery Regulation, which will lead to a number of 
new standards.

 2.3.1 	 Status quo

The future model of the all-electric society includes an energy 
demand that is almost completely covered by renewable 
energy. For this, intermediate storage, such as in the form of 
large battery energy storage systems, is essential. The use of 
battery storage systems is becoming more attractive due to 
the current rise in the price of fossil fuels. The increased use 
of batteries in electrically powered vehicles should also be 
mentioned in the context of the green traffic revolution and 
CO2 emission-free individual transport. The EU Commission’s 
decision to ban internal combustion engines as far as possi-
ble will certainly accelerate this development.

In the course of the holistic approach of the Circular 
Economy, it will be crucial to also consider batteries across 
sectors. This means enabling the use of different storage 
possibilities in as many applications as possible. But other 
R-strategies, such as repair, repurposing and recycling, also 
need to be implemented more. 

The following considerations are subject to the particularity 
that the upcoming EU Battery Regulation [141] (see also 
Chapter 2.3.2) is the first regulation that takes into account 
the Green Deal [2] and the Circular Economy Action Plan 
of the EU [4]. This Regulation already contains extensive 

General; 27

R0 Refuse; 3

R1 Rethink; 4

R2 Reduce; 3

R3 Reuse; 10

R4 Repair; 15

R5 Refurbish; 15

R6 Remanufacture; 12

R7 Repurpose; 15

R8 Recycle; 37

Carbon footprint; 4

Dig. product passport; 32 2 101

89

Relevant results
(main topics 1 –7)

Main Topic 
Batteries

Figure 18: Allocation of the standards search results to the respective R-strategies (Source: DIN)
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2.	 promoting a Circular Economy, 
3.	 reducing environmental and social impacts throughout 

all stages of the battery life cycle.

To specifically address these three fields of action, 13 meas-
ures were formulated, which are included in the draft of the 
Battery Regulation. Table 1 lists the respective measures and 
compares them with the implementation variant prioritized 
by the EU Commission. For ease of reference and overview, 
the relevant articles of the relevant measures are listed, 
as well as any legal acts arising from them. Legal acts are 
separate additions by the Commission to establish specific 
actions.

Furthermore, in order to establish a more differentiated mar-
ket coverage, further distinctions were made in addition to 
the previously known battery type categories. Thus, batteries 
for light means of transport (LMT) are included in the Regu-
lation, and there is a five-kilogram weight limit for portable/
industrial batteries. The Regulation will also affect areas out-
side the ordinary scope of applications. European waste and 
chemicals legislation (e.g. REACH [73]) is also affected.

 2.3.2 	 Requirements and challenges

The Battery Regulation
The publication of the Battery Regulation [141], expected 
in mid-2023, is an integral part of the European Green Deal. 
It replaces the previously valid German Battery Act (BattG) 
[147]. New requirements such as the battery passport with 
the electronic exchange system and the carbon footprint are 
intended to serve as a blueprint for the introduction of a gen-
eral product passport and are a first step in the EU’s Circular 
Economy Action Plan. At the time of writing this Standardiza-
tion Roadmap, the Commission proposal for the Battery Reg-
ulation, together with the amendment by the EU Parliament 
and the draft by the Council, is in a “trialogue” stage between 
the Commission, the Parliament and the Member States of 
the European Union. The exact date of publication and the 
content of the document are therefore not yet determined.

In the Regulation proposal, the EU Commission cites three 
justifications for its creation:
1.	 strengthening the functioning of the internal market 

(including products, processes, waste batteries and 
recyclates), by ensuring a level playing field through a 
common set of rules,
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We expressly point out that the following Table 1 can only 
provide guidance and that the original texts must always 
be consulted. This particularly applies when the Battery 
Regulation has been published.

A: The underlying EU Commission Proposal of 10.12.2020 
[141]

B: Deviations according to the amendments adopted by the 
EU Parliament on 10.03.2022 [142]

C: Deviations according to the EU Council draft of 
14.03.2022 [143]

Overview of measures in the upcoming Battery 
Regulation 
Table 1 summarizes the measures of the Battery Regulation 
and shows to which battery categories these measures apply. 
Also included is the time frame envisioned for each measure 
and whether legal acts are planned. The final version of the 
Battery Regulation is expected to be published in early/mid 
2023. Table 1 gives an overview of the three proposal variants 
of the Regulation.
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Standardization request M/579 
In support of the Battery Regulation, and to achieve the 
European Union’s stated goal of improving the environmental 
performance of batteries, the European Commission issued 
an Implementing Decision on the Standardization Request 
(formerly “Mandate”) 579; for short: M/579. s. [145]

The intention is to specify the standardization needs arising in 
the Battery Regulation and to have them implemented by the 
European standardization organizations CEN and CENELEC. 
Both organizations have already drawn up a work programme 
for the realization of the standardization request and have 
submitted it to the European Commission on 07 June 2022. 
Annual interim reports will provide information on progress 
until the final report on 31 December 2025, at which time all 
required standardization needs should be implemented.

At this time, the standardization request includes the 
following task blocks:
1.	 Performance and durability aspects of portable 

rechargeable and non-rechargeable batteries (Battery 
Regulation Article 9)

2.	 Performance and durability aspects of rechargeable 
batteries with internal energy storage (Battery Regulation 
Article 10)

3.	 Re-use and repurposing of rechargeable batteries with 
internal energy storage (Battery Regulation Articles 14 
and 59 etc.)

4.	 Safety aspects of stationary battery energy storage 
systems with internal energy storage (Battery Regulation 
Article 12)

Task blocks 1 and 2 provide for the establishment of methods 
for determining performance and durability (in accordance 
with Articles 9 and 10 Battery Regulation). In the case of 
non-rechargeable and rechargeable general purpose porta-
ble batteries, the determination of the capacity, the average 
minimum operating time, the shelf life and leakage testing 
are required; in the case of rechargeable portable batteries, 
the determination of the endurance in charge and discharge 
cycles is added.

In the case of rechargeable industrial and EV batteries, 
European standards are to be developed for capacity reduc-
tion, increase in internal resistance, efficiency and expected 
lifetime. The aim is not only to provide consumers with com-
prehensible information, but also to create fair and uniform 
market conditions for all economic operators.

Task block 3 deals with sustainability and the “Circular 
Economy”. It contains the requirements for standards for 
reuse and repurposing of batteries, battery packs and battery 
modules (according to Articles 14 and 59 of the Battery 
Regulation). Here, a further distinction is made between 
three categories: “Design”, “Diagnostics and determination of 
the state of health”, and “Battery evaluation for repairing or 
repurposing”.

The standard category “Design” requires that the mainte-
nance, repair, reuse and repurposing of batteries and battery 
packs be facilitated or at least not prevented. In this context, 
the requirement for the replaceability of individual, failing 
battery components should also be mentioned.

Under the category “Diagnostics and determination of the 
state of health”, procedures for determining the state of 
health of batteries are addressed. A reliable classification 
of the remaining capacity and the expected behaviour is 
intended to enable use in “2nd life” applications. This is par-
ticularly topical in view of the steadily increasing application 
of discarded EV batteries and their further use in stationary 
applications. Here, there is also a cross-reference to the 
battery management systems used, as access to the battery 
history seems to be advantageous for such a diagnosis and 
evaluation.

Finally, the last category, “Battery evaluation for repairing 
or repurposing,” addresses the description of the necessary 
steps, conditions, and protocols that describe safe repair, 
reuse, and repurposing of EV batteries and their components.

In task block 4, uniform safety requirements for the operation 
of stationary battery energy storage systems are to be 
formulated (in accordance with Article 12 of the Battery 
Regulation). Test methods, including those for thermal 
shock, external and internal short circuit protection, thermal 
runaway and mechanical damage, are to be specified in 
standards.

Since the content of the Battery Regulation has not yet 
been finalized, standardization request M/579 must also be 
regarded as being provisional. Not only is it expected to be 
adapted to the final version of the Battery Regulation, but 
additional requirements may also be added. The standardi-
zation request was issued before the Battery Regulation was 
published, so that standardization work could begin before 
the Regulation came into force.
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A major challenge is posed by different designations/terms, 
i.e. differences in the language of battery standardization and 
regulation. The use of certain terms has evolved in stand-
ardization and is internationally agreed. Matching them with 
terms in the Battery Regulation in order to identify standard-
ization needs turns out to be problematic in some cases. As 
an example, the term “batteries with internal storage” does 
not exist in battery standards. Other terms such as “general 
purpose portable batteries” are not defined in standards 
language. Nevertheless, many requirements overlap with 
those defined in standards for portable batteries. Further-
more, the expressions “battery type” and “battery category” 
are used side-by-side without being specifically described or 
distinguished in the Battery Regulation. This makes it difficult 
to understand the text and thus to transfer the requirements 
from the Battery Regulation to standardization work. Besides 
this, however, the term “battery model” is clearly defined. It is 
therefore necessary to create a list for a transfer of terms from 
the Battery Regulation and terms from standardization. This 
is because the agreed terms, as also stored in the Internation-
al Electrotechnical Dictionary (IEV), will continue to be used 
in standards [149].

Applying the R-strategies to batteries, which are often com-
ponents rather than stand-alone products, presents chal-
lenges. The design of batteries with modules and cells makes 
it necessary to consider the assignment of R-strategies in a 
differentiated manner. For example, reuse applies to a single 
cell within a battery, while repair or refurbishment are relative 
to the entire battery. Thus, a clear separation of the indi-
vidual R-strategies from each other is difficult and depends 
on the respective intention. In addition, a battery must be 
considered a safety-critical component where small changes 
can have large effects. Thus, not only the benefits must be 
weighed in all considerations, but also the safety limits must 
always be taken into account.

After all, the field of batteries is currently characterized by 
innovations like no other. For example lithium-ion batteries in 
particular are in the course of constantly new developments 
as a key technology of the energy and transport revolution. 
Normative specifications on ageing aspects (“state of health”) 
and durability statements are currently still difficult to 
implement, since both topics are still at the state of current 
research and have so far found little entry into technical 
development.

The work programme forwarded to and accepted by the EU 
Commission in June covers all task blocks of the standardi-
zation request. Not only are new standards being developed, 
but existing standards are also being adapted. For primary 
batteries, three IEC standards are to be adapted and adopted 
by CLC/SR 35 “Primary batteries”. In the field of electrically 
propelled road vehicles (EV), CEN/TC 301 “Electric road vehi-
cles” will process eleven standards. The applications portable 
batteries, LMT, industrial and stationary batteries are being 
handled by CLC/TC 21X “Accumulators” and there are about 
20 standards indicated in the work programme for editing 
and new elaboration. With adjustments to the standardiza-
tion request M/579 when the Battery Regulation is published, 
there may also be changes to the standardization work pro-
gramme. Comprehensive battery expertise is needed for this 
extensive work on performance, durability, design aspects 
for reuse, repair and maintenance, and also safe operation. 
Active support through participation of national experts in 
the national battery committees of the DKE, K 371 “Accumu-
lators” and K 372 “Primary batteries”, as well as in the editing 
and development of the European Standards, is therefore 
very welcome.

Connection between the Battery Regulation, 
standardization request M/579 and the Standardization 
Roadmap Circular Economy
As mentioned at the outset of this section, the Battery 
Regulation, which is still under negotiation at the time of 
writing (September 2022), and the associated standardization 
request M/579 contain an entire range of requirements for the 
Circular Economy. Therefore, the following chapter also deals 
specifically with areas that are not covered by the Battery 
Regulation, and addresses the extent to which additions are 
necessary or there is a need for improvement. Critical aspects 
of the Battery Regulation will also be addressed.

What requirements will actually be placed on standardization 
beyond the current standardization request M/579, and which 
aspects will be addressed by legal acts is not yet clear at pres-
ent, since the final content of the Battery Regulation is not 
yet known. Due to the ambitious time frame, topics from the 
standardization request will be prioritized in the standardiza-
tion process. For example, standardization work has already 
begun in the field of batteries. Furthermore, the connections 
between the upcoming Battery Regulation and the Ecodesign 
Directive [21] or the Sustainable Product Initiative [225] are 
still open. Overlaps and, in some cases, contradictions still 
need to be clarified.
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strategies at the same time. Thus, different R-strategies often 
have the same recommended actions. Furthermore, R-strat-
egies for electrical and information technology products 
also concern the area of batteries, as electronic components. 
Thus, standardization needs from Chapter 4.2 should also be 
considered (for example, Needs 2.3 and 2.13). Table 2 gives 
an overview of the application of R-strategies to batteries and 
relates them to the specifications of the Battery Regulation. 
Likewise, the effects on product conformity when applying 
the respective strategies are shown. Furthermore, examples 
illustrate how the R-strategies can be applied to the product 
“battery”.

 2.3.3 	 Standardization needs

Applying the R-strategies to batteries

The individual R-strategies and the resulting standardization 
needs are discussed in more detail in the following sections. 
As mentioned in the previous sections, it is not always pos-
sible to draw a clear line between the different strategies, as 
many of the resulting applications overlap. In particular, the 
three strategies “rethink”, “refuse” and “reduce” have similar-
ities, whereupon the examples given are applicable to several 

Table 2: Overview of applying the R-strategies to batteries

R-strategy Description 
(battery perspective)

Definition as in  
Battery Regulation

Effect on product 
conformity 

Examples for better  
understanding

Refuse Eliminating the use of batteries, 
e.g., by replacing human labour 
as in the case of a bicycle dyna-
mo, or eliminating an addition-
al function that does not serve 
the actual function of a product

Not defined No effect Eliminating primary batteries 
whenever possible.
Eliminating battery-powered 
add-on functions in products 
(e.g., lighting for children's 
shoes).

Rethink Developing a battery from a 
systemic perspective so that 
it is developed over the entire 
life cycle and with a circular 
approach. This means that 
batteries should be used more 
intensively, e.g. through reuse 
and sharing models, such as 
accumulators being replaceable 
and usable in different devices.

Not defined No effect Uniform battery for various 
power tools
Exchangeable batteries in 
notebooks, Bluetooth speak-
ers, cell phones, universal 
power banks.
Unification of modules or 
packs.
Adapt existing tests (e.g.: 
thermal runaway propaga-
tion test).

Reduce  
(by design):

By changing the design of 
the battery, it is hoped to use 
fewer resources, materials and 
energy, thereby increasing its 
circularity and efficiency. The 
manufacturing process of a 
battery in particular can offer 
potential for reduction here.

Not defined No effect Less material used for hous-
ings, e.g. pouch cells instead 
of round cells.
Optimized structures in me-
chanical design. As a result, 
less material is used.
Replace or reduce certain 
critical raw materials (in 
the sense of the Circular 
Economy).

Reuse Any operation in which a bat-
tery that is not waste is reused 
for the same application for 
which it was designed. The 
battery remains as a whole and 
no parts are changed.

The complete or partial direct 
re-use of the battery for the 
original purpose the battery 
was designed for [141]

Conformity is maintained Defective device, the battery 
is still intact and is taken over 
unchanged in another device.
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R-strategy Description 
(battery perspective)

Definition as in  
Battery Regulation

Effect on product 
conformity 

Examples for better  
understanding

Repair Modifications made to the 
original battery that has a 
malfunction, in order to have a 
fully functional battery again.
A repair can be carried out, for 
example, by replacing defective 
components, adding or 
rearranging components.

Not defined in the Com-
mission's proposed Battery 
Regulation, but included; 
mainly in Article 47 (Extended 
Producer Responsibility), 
Article 60 (End-of-life infor-
mation), Article 65 (Battery 
passport).

The certification is no longer 
valid:
Replacing parts of the battery 
will result in the loss of 
the “type approval”, which 
means that the product must 
go through the full certifica-
tion process, e.g. according 
to UN-T 38.3, and must com-
ply again with the German 
Product Safety Act and all 
applicable (safety) standards 
after repair.

A replacement of defective 
modules e.g. in stationary 
battery storage systems, 
replacement of a defective 
BMS.

Refurbish Only “cosmetic” maintenance 
of a battery to restore it to its 
original condition. It is not the 
replacement or modification 
of components of the battery, 
except for non safety-related 
components as defined by the 
original manufacturer. 

Not defined Conformity is maintained Cosmetic overhaul only, 
BMS update (pay attention 
to safety aspects), do not 
update anything defective to 
the latest technical standard, 
clean dirty parts (as shunts 
are possible), replace corrod-
ed cables or contacts, top up 
water on lead-acid batteries.

Remanufac-
ture

Modifications are made to 
a used battery to restore its 
performance. In the process, 
the functionality is changed 
and modifications are made in 
which safety-relevant com-
ponents are replaced. This 
includes any procedures per-
formed on the battery that are 
not approved by the original 
manufacturer.

Any operation of disassem-
bly, restoring, replacing 
components of used battery 
packs, battery modules and/
or battery cells to return a 
battery to a level of perfor-
mance and quality equivalent 
to that of the original battery, 
for the original or a different 
purpose [142]

The certification is no longer 
valid:
Remanufactured batteries 
lose their “type approval”, 
which means that they have 
to go through and pass the 
full certification process 
again, e.g. according to UN-T 
38.3, the German Product 
Safety Act and all applica-
ble (safety) standards, after 
remanufacturing.

Components whose condi-
tion is known with certainty 
are reassembled, e.g. con-
nectors, BMS and modules 
(safety must be observed).

Repurpose Any operation that results in 
certified subunits or a com-
pletely unmodified battery be-
ing used for a different purpose 
than originally intended.

Any operation that results in 
parts or the complete battery 
being used for a different 
purpose or application than 
the one that the battery was 
originally designed for [141]

Batteries must be recerti-
fied according to their new 
intended use.

The battery still has sufficient 
power for certain (other) 
applications and is used 
in another application. 
(Ex: EV battery in stationary 
applications)

Recycle Recovery of materials from 
waste batteries by crushing or 
disassembling the battery. For 
this purpose, battery chemistry 
labelling is important.

Any recovery operation by 
which waste materials are 
reprocessed into products, 
materials or substances 
whether for the original or 
other purposes. It includes 
the reprocessing of organic 
material but does not include 
energy recovery and the re-
processing into materials that 
are to be used as fuels or for 
backfilling operations [47].

No effect Use residual charge for 
energy generation before 
recycling. 
The waste battery is broken 
down into its components 
in a decomposition process; 
these can be returned to the 
recyclable materials cycle.
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Refuse

Refuse is all about doing without. This can mean doing with-
out raw materials, production processes or entire products 
that are not needed or can be replaced. For batteries, this 
is significant when considering doing without or replacing 
primary batteries whenever possible. Here, the Battery 
Regulation provides for an evaluation of whether a complete 
waiver of the battery is possible. Likewise, the manufacturing 
process of a battery can provide starting points for “refusing” 
by omitting certain steps. In particular, however, the com-
plete elimination of batteries should be considered unless 
they perform a necessary function (e.g., battery for lighting 
children’s shoes) or can be replaced by an alternative (dyna-
mo for bicycle lights).

At present, no need is seen for the standardization of batter-
ies as regards “refuse”.

Rethink

“Rethinking” is about developing a product from a systemic 
perspective, considering its entire life cycle and using a circu-
lar approach. This means that batteries should be used more 
intensively through reuse and sharing models, e.g. as accu-
mulators that are replaceable and usable in different devices. 
In the field of electric gardening equipment and tools, the in-
terchangeability and multiple use of accumulators is already 
being implemented. However, this is only possible for the 
equipment of the same manufacturer. There should be new 
business models that make a battery more multifunctional. 
With batteries, however, it must always be remembered that 
they have a safe operating window that must be adhered to 
in other applications. The draft Battery Regulation requires 
that portable batteries can be easily removed and replaced 

by end-users and independent economic operators. This pro-
vision will particularly affect accumulators in laptops and cell 
phones. A definition of what is meant by “easily replaceable” 
already exists, e.g. for household appliances (DIN EN 60335-1 
[151]). Fuses for infants and children in children’s toys have 
also already been implemented [152].

Need 3.1: Standards for the interchangeability 
of batteries
The requirements for standardization in the upcoming 
Battery Regulation are clear here and will be implemented 
as part of the processing of the standardization request. This 
mainly concerns the development of products so that battery 
interchangeability is easy and safe. Despite all this, it must be 
examined whether there are groups of devices for which the 
simple interchangeability and removal option must be sup-
plemented by standards, e.g. mobile devices and laptops. For 
power tools and garden equipment, agreeing on a format and 
operating limits could help make interchangeable batteries 
interchangeable among different manufacturing companies 
as well, so there is a gain in multiple use.

Reduce (by Design)

“Reducing” is primarily about changing the design of a prod-
uct or process to improve circularity and efficiency. Fewer 
resources, materials and energy should be consumed, which 
would ultimately also lead to a reduction in the carbon foot-
print. In the case of batteries, for example, this could mean 
paying attention to the use of less material in the design of 
the housing. Optimized structures in the mechanical design 
can also lead to a reduction in the use of plastics in particular, 
but also of metals. In all cases, the highest priority is given to 
safety aspects.

R-strategy Description 
(battery perspective)

Definition as in  
Battery Regulation

Effect on product 
conformity 

Examples for better  
understanding

Recover Battery materials and residues 
from the recycling process that 
cannot be recycled further are 
sent for energy recovery. 

Any operation the principal 
result of which is waste 
serving a useful purpose by 
replacing other materials 
which would otherwise 
have been used to fulfil a 
particular function, or waste 
being prepared to fulfil that 
function, in the plant or in the 
wider economy [150]

No effect Recovery of the energy of 
a battery (electricity/heat) 
by thermal utilization of its 
components.
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Need 3.3: Standards for the digital battery passport for 
reuse (see also Need 3.19)
Within the framework of standardization, there are aspects 
that can support the reuse of a battery. Particularly impor-
tant for a secondary user is information about chemistry and 
structure, but also about usage history. Some important in-
formation can be passed on via permanent marking. For oth-
er information, a digital product passport (DPP) is required.

Need 3.4: Standards on data about condition
Access to the BMS regarding the usage history and the state of 
health (SoH) of the battery in case of further use is essential. 
It must always be taken into account that personal data must 
be deleted. Design instructions for removal and reinstallation 
are to be linked to the product ideally via a digital battery 
passport.

Need 3.5: Definition of safety limits for reuse
In addition, it should be considered whether different 
conditions and criteria need to be defined for batteries in 
different applications as to when it becomes safety critical in 
the context of “reuse”. The use of a 12 V automotive battery in 
another vehicle, for example, is significantly less critical than 
the replacement of an EV battery in an electric road vehicle. 
Thus, depending on the application, there may be significant-
ly more requirements and restrictions if one wants to reuse 
the battery.

Repair

Repair applies when a faulty or defective product is made 
usable again to fulfil its original function. This involves mak-
ing changes to the original product in batteries so that they 
lose their type approval. The draft of the Battery Regulation 
provides that, in principle, the possibility of repairability of 
a product, by “independent economic operators” as well, 
must be given and should also be facilitated. The explanatory 
memorandum refers to environmental benefits and resource 
savings due to removability and replaceability of portable 
batteries.

As an example, consider the case of repairing a BESS: A BESS 
consists of a variety of mechanical, electromechanical, elec-
trical, electronic and electrochemical discrete components. 
These components are subject to different but known ageing 
and wear mechanisms that can cause them to no longer oper-
ate efficiently or to fail completely. The efficient usability of 
a BESS can be significantly extended by making components 

Energy can also already be saved in the production of bat-
teries through optimized processes at various levels (change 
over time or new processes). An example of this is the drying 
process at cell level.

When applied to batteries, the categories “reduce”, “refuse” 
and “rethink” repeatedly overlap, as they cannot be clearly 
separated from each other. Rather, they intertwine when it 
comes to rethinking the design of a battery and its manufac-
turing process to make it more efficient.

Need 3.2: Carbon footprint of lead-acid batteries
There is a draft standard for the calculation of the carbon 
footprint for lithium-ion batteries at IEC/SC 21A “Secondary 
cells and batteries containing alkaline or other non-acid elec-
trolytes” (IEC 63369-1 Ed.1 committee draft (CD) status) [153]. 
This IEC Standard is expected to be published by the end of 
2024. It should be checked to see if this complies with the 
guide IEC/TC 111 “Environmental standardization for electri-
cal and electronic products and systems” (project IEC 63372 
ED1) [154]. In addition, there is a need for a standard to deter-
mine the carbon footprint of lead-acid batteries.

Reuse

“Reuse” means reusing a battery, which is not waste, for the 
same intended use for which it was designed and was already 
in use. In this case, the battery as a whole must be reused 
unchanged. This ensures that the conformity of the battery is 
maintained. However, there may be a change of owner in the 
case of reuse, in which case the history of use and condition 
(state of health, or SoH) of the battery are relevant, e.g. for de-
termining the value. In the upcoming Battery Regulation, the 
topic of reuse may no longer be included, in contrast to the 
Commission’s proposal. The reason for this is that the prod-
uct “battery” is not changed and therefore no new require-
ments arise. However, there is still a need for standardization 
to determine the state of health (SoH). The conversion of 
individual cells should currently be avoided. Only when corre-
sponding information about the condition of individual cells 
is available is their conversion even conceivable. In addition, 
information about cell chemistry and, for example, operating 
windows and characteristics must be known. This creates 
needs, some of which are still within the scope of research.
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be ensured that only cells approved by the manufacturer are 
used, because otherwise dangerous operating conditions can 
occur and the battery would no longer conform to the stand-
ard. In addition, the manufacturing company would have to 
provide the “independent economic operators” with infor-
mation indicating exactly which modules, and under which 
conditions, can and cannot be exchanged. There must not be 
any gaps in safety here.

Need 3.7: Standards for the mechanical and electrical 
design of energy storage systems
Requirements for the mechanical and electrical design of 
battery storage systems that enable non-destructive re-
placement of components should be described. Among the 
components, the goal is to identify those that are reasonably 
likely to fail during the life of the battery storage system, or 
that will no longer allow safe and/or efficient operation due 
to wear and tear. The properties of the components to be 
replaced must be disclosed by their manufacturers or distrib-
utors to the extent that adequate replacement components 
can be procured.

Need 3.8: Standards on data regarding the state of health 
and state of safety for better repairability (see also 
Need 3.3)
Furthermore, data on the state of health (SoH) and the state 
of safety of all individual cells must be available for the 
repairability of modules. These states must first be defined in 
standards. However, the information on this cannot currently 
be determined under economic conditions. Here, standards 
can help to facilitate the collection of data and make this 
collection more efficient.

Need 3.9: Standards for the digital battery passport for 
repair (see also Need 3.19)
Standards must describe both safety and performance condi-
tions for repair. For this purpose, all necessary information for 
the repair must be described and the repair itself must also 
be documented in the information provided with the battery. 
A digital battery passport would be a suitable means for this.

Need 3.10: Standards on mechanical and electrical tests
Suitable mechanical and electrical tests should be described 
to ensure safe operation of repaired batteries and battery 
storage systems.

diagnosed as having a high probability of failure or suscep-
tibility to wear easily replaceable. For this purpose, these 
components must be provided with appropriate mechanical 
and electrical interfaces so that they can be separated from 
the rest of the product without being destroyed. However, 
replacing individual battery cells or interconnected cell arrays 
comes with the risk of creating large imbalances in the state 
of health and remaining capacity across the entire cell array, 
which can affect the overall condition of the battery.

At the module and system level, state of the art repairability 
or interchangeability is generally considered reasonable. On 
the other hand, making battery storage systems repairable at 
the cell level as well, as envisaged in the Battery Regulation, 
is viewed critically, even if this could achieve a high level of 
material efficiency. In practice, the advantages and disadvan-
tages have to be weighed up against each other, as this would 
also involve a high logistical outlay.

Currently, there is no solid technical framework for battery 
repair that is aligned with battery type approval and thus 
clearly defined part requirements, product/production 
process qualities, product responsibilities, certifications and 
transportation safety aspects, and battery safety testing. 
Without this framework, any type of battery repair can result 
in loss of type approval and also uncontrolled, potentially 
unsafe situations during use.

For the original manufacturer of batteries, it can be problem-
atic from the point of view of product safety, for the transport 
as dangerous goods and especially in liability issues, if repairs 
can be carried out by independent economic actors. In such a 
case, the original manufacturer of a battery may not be able 
to continue product liability. There are currently generally no 
explicit rules for repair and remanufacturing services to work 
with the original manufacturing companies or even recertify 
the battery. In the event that any independent market partic-
ipant is allowed to repair a battery, clear conditions must be 
created for this, which take appropriate account of the fact 
that the battery is a safety-critical component.

Need 3.6: Safety standards for the replacement of battery 
modules and cells
Replacing individual cells or modules can have dangerous 
consequences for certain battery types if not done properly. 
Therefore, normative provisions are required on how and 
under which conditions a replacement of individual modules 
or even cells can take place. At least information about the 
cell manufacturer and the cell type must be available. It must 
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Need 3.13: Standard for the suitability testing of used 
components
If used components of a battery are reused, suitability tests 
must be defined, because battery testing has so far been 
based on type tests. For this purpose, requirements for the 
usability of the components in another battery must be 
specified. In addition, new requirements arise for placing a 
remanufactured but still new product on the market. Reman-
ufactured products must thus meet at least the same test 
requirements as new products on the market. In addition, 
suitable certification of individual components (composite 
certification) would be conceivable.

Repurpose

When a battery is repurposed, a complete and unmodified 
battery or an unmodified subunit, possibly certified, is used 
in a different application or for a different purpose than the 
one(s) for which it was designed. The most common use 
case for repurposing is the use of battery packs or modules 
originally planned for use in electric road vehicles in station-
ary applications. It must be ensured that the battery meets 
the safety requirements of the new application, as these 
may differ significantly from those in the originally planned 
application. Therefore, it is necessary to define safety require-
ments that batteries must meet in the new application. When 
it comes to repurposing individual cells within a module or 
battery, keep in mind that it may be a combination with other 
R-strategies such as “remanufacturing” or “repair.”

Need 3.14: Standards on 2nd life
Part of the approach has already been implemented in the 
draft of VDE prestandard 0510-100 “Safety of automotive lithi-
um-ion batteries for use in stationary applications” [50] when 
it comes to the simplest case, i.e. new, not yet used batteries 
or subunits. It will be much more difficult to define the safety 
tests for used batteries and sub-units (2nd Life). This requires 
the determination of the SoH and the knowledge and evalua-
tion of ageing phenomena. To this end, criteria are currently 
being evaluated within the DKE/K 371 standards body [156], 
which will then have to be addressed in a standard. Further-
more, the quality of the components, certification aspects, 
and effects on the validity of the test certificates of these used 
batteries required by dangerous goods transport legislation 
must then be considered.

Refurbish

Refurbish refers to the refurbishment of non-safety-related 
components of a battery to achieve a certain previous 
performance level. The battery is then reused in the same 
application. During refurbishment, software updates can be 
performed in the BMS or worn (not defective) parts can be 
replaced with spare parts approved by the original manufac-
turer. This can extend the service life of a battery, because the 
performance level of a battery is essentially determined by 
the state of health of the cell array.

Need 3.11: Safety standard with non-destructive test 
methods
Suitable tests are to be described to ensure safe operation of 
refurbished battery systems. This would require replacing to-
day’s destructive tests with non-destructive tests so that type 
testing, which is based on sampling, can be replaced by unit 
testing, which can be performed on each cell and cell array.

Remanufacture

The process of remanufacturing a battery involves modifying 
parts of the battery to restore its original performance. It is 
also possible to use only parts of one battery in another or 
to reassemble a battery from parts of other batteries. In the 
process, functionalities are changed and safety-relevant parts 
are replaced using procedures that have not been approved 
by the original manufacturer. The original product is not 
retained, so the declaration of conformity must be renewed. 
A new product is created, for which the remanufacturer must 
provide a warranty, and this should be clear from the label-
ling.

Need 3.12: Standards for the modular design of batteries
Several aspects can be considered in standardization to en-
able remanufacturing: The design of the battery as modular 
units on different levels simplifies the reuse of the individual 
parts. This in turn can mean a higher carbon footprint for the 
entire battery, so this must be taken into account normatively 
as part of a life cycle consideration. In order to continue using 
modular units safely, the interfaces such as data exchange, 
connectors, etc. are also crucial. These are thus to be defined 
consistently within the framework of standardization.
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Need 3.16: Dismantlability
The fact that battery energy storage systems are designed 
to be dismantlable down to a reasonable component level 
after their service life should be described in a standard. The 
component level should be selected so that specific and 
efficient recycling processes can be applied to the individual 
components.

Need 3.17: Standards for the digital battery passport  
(see also Need 3.19)
A digital battery passport would help to provide various data 
and information important for recycling, e.g. also about 
dismantlability.

Need 3.18: Availability of recyclates
Standardization can help define quality requirements for 
recyclates, thereby enhancing the reliability of recyclate use 
and supporting the development of recycling capacities and 
markets for recyclates.

Digital battery passport

To meet the requirements of circular value creation, it is nec-
essary to have certain information available at many points 
along the battery’s life cycle. In order to have this diverse bat-
tery information available at the decisive points, it would be 
useful to document the life cycle of a battery in an electronic 
product passport or to digitally store the necessary data in an 
uncomplicated yet secure way. For this reason, the upcoming 
Battery Regulation will also contain requirements for such 
a digital product passport, which should include important 
data not only on the carbon footprint and the supply chain, 
but also the identity of the battery and its components, as 
well as their condition. Since there is as yet no comparable 
procedure for documenting a product life cycle, such a digital 
battery passport can be regarded as a pilot project for a gen-
eral product passport (see Chapter 3.3 and standardization 
Needs 1.7-1.13 and 1.15, 1.16 and 1.22).

Need 3.19: Standards on the digital battery passport
Accordingly, there is a great need to define the underlying 
information of a battery passport and the data exchange in a 
standardized manner and thus to clarify technical as well as 
legal issues within the framework of standardization. It would 
be desirable if the digital battery passport could be integrated 
as part of a general product passport. For further information, 
please refer to the Chapter “Digital Product Passport”.

Recycle

Recycling refers to the recovery of materials from waste 
products so that they can be reused. In the case of batteries, 
the recycling process often begins with a physical or chem-
ical crushing of the entire battery. This produces a mostly 
fine-granular mix of raw materials, the breakdown of which 
into the starting materials for the production of new batteries 
is energetically expensive and has an insufficient recovery 
rate. In addition, crushing can present a safety hazard de-
pending on battery chemistry.

Recycling efficiency could be significantly increased if a 
battery or battery storage system could be broken down into 
individual components with little effort. The discrete com-
ponents could then be assigned to the most appropriate re-
cycling process for each, or could be transferred to a “reuse” 
or “repurpose” cycle if suitable. To achieve this, the ability to 
dismantle batteries and BESS would have to be made much 
easier without compromising safe operation. In addition, 
the characteristics of the discrete components must be 
made known by the manufacturing companies or companies 
placing them on the market in such a way that the recycling 
process is as specific as possible.

A Circular Economy requires that materials from used 
products can be reused in new products. In order to promote 
this closing of loops, the new Battery Regulation will in all 
likelihood provide for recyclate use quotas for new batteries.

Given the continued strong market growth, especially for 
EV batteries, meeting recyclate use quotas is becoming a 
challenge. After all, due to the long life of batteries, recyclates 
are only available after a delay of several years. This effect is 
further enhanced by extending repairability and 2nd use. This 
makes it all the more important to recycle used batteries.

Need 3.15: Labelling of batteries for recycling purposes
Specifying the battery chemistry is important for a safe 
recycling process. A corresponding label for secondary 
batteries has already been defined in DIN EN IEC 62902 [315]. 
The colour coding and thus the quick visibility of the battery 
chemistry should remain optional. Here, costs and benefits 
must be weighed. However, the parliamentary draft of the 
Battery Regulation provides for a corresponding colour coding 
on the battery type and its cell chemistry.
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2.4 
Packaging



practice. Given the broad spectrum of possible approaches, a 
particular focus was placed on standardization needs for the 
sustainability assessment of different packaging solutions. 
The analyses and discussions in the individual sub-working 
groups made clear the central role that standards and specifi-
cations will play in strengthening circular packaging systems 
in the future.

Evaluation of standards research
The Working Group Packaging evaluated the standards 
research on the Circular Economy (see Chapter 1.6.2) of DIN, 
DKE and VDI on the basis of the nine R-strategies. In addition, 
the topics carbon footprint and digital product passport were 
identified. Altogether 292 of 2101 standards and documents 
were relevant for the Working Group.

Interpretation
Overall, there are many relevant results for circular packag-
ing. The majority of the standards are in the area of recy-
cling, a classic area of the Circular Economy, or are generally 
applicable results. This is followed by standards on “reuse,” 
standards on the digital product passport in the broader 
sense, and standards for recording a carbon footprint. Some, 
especially higher-value strategies, have little or no results in 
the set of standards on packaging.

 2.4.1 	 Status quo

From the perspective of the Circular Economy, packaging 
presents a number of special challenges: On the one hand, 
packaging helps to protect the products transported in it and 
thus reduce the amount of food waste, for example. On the 
other hand, the packaging systems used today are predomi-
nantly linear in orientation: After their first use, they become 
waste, which can be recycled and returned to the cycle with 
varying degrees of success or failure, depending on the mate-
rial. In Germany alone, almost 19 million tonnes of packaging 
waste are generated each year, including around eight million 
tonnes of paper and board, and three million tonnes each of 
plastics, glass and wood. This volume has increased contin-
uously over the past decades, more than doubling for plastic 
packaging [157].

In the context of the key topic “Packaging”, different strat-
egies and approaches to make packaging systems circular 
were discussed: from the design of packaging and the 
design of circular infrastructures of sorting and recycling to 
the conformity of the use of recyclates. Likewise, the lack 
of standards for the areas of reusable packaging and doing 
without packaging altogether was identified, which has 
so far hampered or prevented the use of such concepts in 
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Figure 20: Categorization by R-strategies (Source: DIN)
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cardboard. There is currently a great deal of dynamism in the 
plastics materials sector, which is also leading to the develop-
ment of various standards.

However, paper composite packaging, which is currently 
often used as a substitute for plastic packaging, also presents 
recycling challenges.

In this area, there are various efforts to create uniform rules in 
order to develop a uniform assessment of the recyclability of 
paper composite packaging. In addition, this field is charac-
terized by various stakeholders who have different interests 
in the recyclability of packaging. Thus, conflicts of interest be-
tween marketing, product protection, and design 4 recycling 
can present a challenge for uniform guidelines. When existing 
tools and labels for assessing recyclability are considered, 
they take into account different aspects (e.g., national context 
and their infrastructure and packaging material) and different 
metrics, adding to complexity or inconsistency.

The formulated standardization needs for recyclability and 
design 4 recycling should also be supported by legislators if 
necessary, or should become mandatory by linking them to 
licence fees. An overarching “design 4 recycling” guideline can 
also be used as the basis for regional recyclability assessment 
specifications (such as the minimum recyclability standard for 
packaging in Germany [159]). Only by linking the licence fees 
to these requirements can a sustainable effect be achieved, 
which is implemented in Germany by Section 21 of the Pack-
aging Act [158]. Legislators should exhaust all possibilities to 
set uniform requirements across Europe to ensure that design 
4 recycling and recyclability are implemented appropriately.

Sustainability assessments
The assessment of the sustainability of packaging is a chal-
lenging and multifaceted subject area, which, due to its com-
plexity, leads to irritations in industry and among consumers. 
This starts with different definitions of sustainability and 

Breakdown by product groups and R-strategies
In the existing set of standards, no systematic approach to 
the common strategies of the Circular Economy is apparent; 
for example, there are hardly any standards on “rethink”, 
“refuse” and “reduce”. The “repair” and “reuse” strategies 
are represented in isolated product groups. Applications for 
other product groups are to be investigated. There are a large 
number of recycling standards in the packaging sector. It 
should also be noted that no consistent product group-spe-
cific standardization is discernible in the area of the Circular 
Economy. Thus: There are many blind spots in the standards 
landscape and more detailed analysis for circular packaging 
is needed.

 2.4.2 	 Requirements and challenges

Design 4 recycling/recyclability
Recyclability is of great importance for a functioning Circular 
Economy in the field of packaging. Here, design 4 recycling 
comes before the actual packaging development and the 
assessment of the actual recyclability comes rather at the end 
of the life cycle. The following diagram shows the packaging 
cycle in Europe in an abstract form. In this diagram, it be-
comes apparent how recyclability and design 4 recycling are 
related to packaging materials and packaging products.

The recyclability and recyclable design of packaging (design 4 
recycling) are complex topics that are considered in detail in 
the chapter on recyclability (see Chapter 3.5). The following 
graphic and the supplementary explanations that follow it 
depict the complexity of recyclability based on eight aspects 
that should be considered individually as well as interde-
pendently for recyclability.

If the various packaging materials are considered, functioning 
recycling infrastructures based on relevant standards already 
exist for the common material fractions, such as paper and 
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Thermal recycling & incineration (discontinued)

PackagingPackaging material

Other products

Packaging design

Recyclability

Primary raw 
material

Secondary material
End 
of 

Life

Use

Material recycling Separation by end 
userCollectionSorting

Production of 
packaging

Design 4 
Recycling

Design 4 
Recycling

Material Product Standardization need

01 Various packaging materials

 Plastics
 Paper, cardboard
 Natural materials (wood, cork, etc.) 
 Aluminium, tin
 Glass

03 Various stakeholders

 NGOs
 Waste management systems
 Plastics industry  
 Universities

02 Various interpretations of terminology
 Design 4 recycling
 Recyclability

– theoretical
– technical
– real

04 Various design 4 recycling guidelines

07 Various assessment methods

 Various tools of different organizations

06 Various standards & specifications

 DIN EN 13427
 DIN EN 13430
 ISO/TR 17098
 UL 2485

 CR 13504
 CEN/TR 13688
 VVK Infosheet 17

05 Various rules and laws

 EU Directive on packaging and packaging waste
 EU Directive on single-use plastics
 Various national packaging laws within the EU  

(e.g. German minimum standard)

08 Various labels

 Various labels of different organizations
 Consumers have difficulty making informed decisions

 Various approaches of different organizations

Recyclability

Figure 22: Simplified representation of the recyclability of packaging in Europe (Source: DIN)

Figure 23: Simplified representation of the complexity influencing the assessment of the recyclability of packaging  
(not complete) (Source: DIN)
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ment” as well as longevity are still mostly underrepresented. 
There are deficits in the definition of the “functional unit” or 
the entire packaging system under consideration, which have 
a particular impact when comparing single-use and systems 
for reuse. Research is currently underway to appropriately ac-
count for the effects of cascade use/downcycling or non-recy-
clable fractions. Currently, recycling of plastics and recovery 
with energy use (waste incineration) are already calculated 
as “credits” in the assessment process. However, the specific 
material flows into the subsequent fields of application have 
hardly been recorded so far, due to a lack of data and a large 
assessment effort. Temporary storage of atmospheric CO2 
in packaging materials made from renewable raw materials 
is also being considered, but not with uniform methods. Dif-
ferent levels of food losses are recorded only in rudimentary 
stages for different packaging systems and taken into account 
accordingly [168]. Other overarching aspects are considered 
in the topic of sustainability assessment (see Chapter 3.1).

Circular support structures and infrastructures
Circular support structures and infrastructures are all tech-
nical measures and facilities that are used in the collection, 
transport and sorting of packaging, including at the end 
of the life cycle, and that support reuse in the sense of the 
Circular Economy.

Currently, packaging in sorting and recycling plants is as-
signed to recyclable material streams using stationary sensor 
technology (e.g. near-infrared spectroscopy). Solutions in 
which the packaging itself already provides an identification 
option to support allocation are already at project status or 
close to market maturity. However, these are mostly proprie-
tary solutions that can only be used in a defined “ecosystem” 
(labelling/sensor technology/product passport database). 
Sorting plant operators can therefore expect high expenses 
due to the necessity of operating several systems in parallel. 
The extent to which the databases for product passports are 
interoperable in terms of technology and content cannot 
be assessed at present. In addition, the content description 
of product passports in the databases does not currently 
include any provisions for minimum requirements to support 
the Circular Economy. Experience has shown that without 
minimum requirements for interoperability, it is to be feared 
that a large number of products will be established which rely 
on purely isolated solutions in the hope of a future market-
dominating standard.

Without regulatory provisions for labelling, content, and 
data format, as well as for the deposit of product passports, 

continues with numerous existing methods, the framework 
for sustainability assessment and suitable data sources and 
their availability at the different stages of the value chain. 
Many sustainability assessment methods focus on specific 
raw materials or specific product applications. Packaging 
made of different materials or with different life cycles, such 
as single-use or reusable packaging, is evaluated using very 
different methods and standards. This leads to non-compara-
ble results and thus to statements about the sustainability of 
a packaging, which, however, are not based on a methodical 
and comparable approach. 

Standards, specifications and laws must be included when 
addressing the topic of sustainability assessments. These 
include existing standards for assessments in the environ-
mentally relevant area such as DIN EN ISO 14040, Environ-
mental Management – Life Cycle Assessment – Principles 
and Framework [80], DIN EN ISO 14044, Environmental 
Management – Life Cycle Assessment – Requirements and 
guidelines [81], and in the social area, the rules of the ILO 
(International Labour Organization) [163]. In addition, current 
developments such as the development of VDI 4095, Assess-
ment of Plastics in the Circular Economy [164], the activities 
on the digital product passport or the Initiative on Substanti-
ating Green Claims of the EU [165] should also be taken into 
consideration.. More specific sets of rules, e.g. for the assess-
ment/certification of bio-based, compostable, recyclable sin-
gle-use packaging (such as the minimum standard [159]) and 
packaging containing recyclates, are also applicable to mul-
ti-packaging. However, they do not adequately represent the 
specifics of multiple use. Life cycle assessments according to 
DIN EN ISO 14040 [80] and DIN EN ISO 14044 [81] leave much 
room for interpretation. The PEF (Product Environmental 
Footprint) [166] developed at EU level attempts to limit this 
scope for interpretation by means of category rules. Whether 
the PEF improves comparability is debatable. In principle, the 
first step should be to standardize the criteria for the sustain-
ability assessment of packaging. The focus should be on an 
equal consideration of all criteria of all three pillars, without a 
priori weighting of individual effects. 

Currently, there is no comprehensive matrix for assessing the 
sustainability of packaging. The consideration should there-
fore include interfaces with other topics, assessments and 
evaluations, e.g. communication throughout the value chain, 
traceability of decisions, disclosure of assessment criteria, 
and legal compliance. To date, not all R-strategies have been 
comprehensively considered in the context of packaging 
sustainability assessments. “Reuse”, “repair” and “refurbish-
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barriers against the migration of undesirable substances. 
Often, these barriers then reduce the recyclability of the 
packaging, resulting in lower-quality recyclate. To date, the 
effectiveness of barriers against unwanted migration has only 
been tested in isolated cases (e.g. DIN SPEC 5010 [48]).

The use of recyclates in food contact materials without a bar-
rier to the product is, with a few exceptions, almost impossi-
ble. In the case of plastic, the European Food Safety Authority 
has so far only approved recycling processes for PET without 
additional requirements [182].

The high pressure from policy-makers and supply chains to 
increase the use of recyclate, combined with the increasing 
complexity of compliance work, leads to an increased need 
for support for small and medium-sized companies in the 
packaging industry. At the same time, the increasing use of 
visually high-quality recycled materials without food contact 
compliance in production is leading to higher requirements in 
preventing confusion.

Dangerous goods packaging must be evaluated for liquid 
filling goods with regard to the chemical compatibility of 
the product with the packaging material. The test methods 
are sometimes lengthy, and so far the focus has not been on 
diffusion behaviour, i.e. how far the product penetrates the 
packaging material.

For dangerous goods packaging, too, the requirement for 
a mandatory proportion of recyclate in a package while 
avoiding direct product contact can be solved technically by 
using multilayer processes. However, the migration/diffusion 
behaviour from the packaged goods into the packaging ma-
terial is largely unknown, so that it is currently not possible to 
assess whether an acceptable level of safety can be guaran-
teed with simplified methods for the approval of dangerous 
goods packaging produced using the multilayer process.

Reusable packaging, unpackaged solutions,  
e-commerce
According to Section 3 (3) of the German Packaging Act, 
reusable packaging is packaging that must be designed and 
intended to be reused several times for the same purpose af-
ter use and whose actual return and reuse must be promoted 
by adequate logistics and a suitable incentive system – usu-
ally a deposit. Reusable packaging is therefore assigned to 
the “reuse” category of the European waste hierarchy and has 
been established for decades for beverages, dairy products 
and transport packaging (crates, pallets) [158].

hardly any incentive can be expected, especially on the part 
of the distributors, due to the necessary initial investments. 
Also, the different collection systems used by municipalities 
without general basic requirements make the development 
of “ecosystems” of labelling systems, sensor systems, and 
product passport databases unnecessarily complex.

Conformity with product contact regulations
Conformity is unilaterally declared and confirms the compli-
ance with the applicable regulations of a product in terms 
of product contact, related to the specified conditions of 
use. The issuer is responsible for the statements made in 
the declaration of conformity and is thus obliged to comply 
with them. Particular attention must be paid to the different 
requirements for primary, secondary and tertiary packaging. 
Whereas in the case of food packaging, potential effects of 
the packaging on the packaged product are considered in 
particular, in the case of dangerous goods packaging, for ex-
ample, all interactions between the product and the packag-
ing must be examined.

Due to the large potential impact, conformity for product 
contact is already largely regulated in laws, ordinances, 
directives and other regulations at national and European 
level. Some examples are listed below: 
→	 Regulations, directives and working papers of the 

European Commission such as the Framework Regulation 
(EC) No 1935/2004 [169] and the Plastics Regulation (EU) 
No 10/2011 [170]

→	 German laws and recommendations such as the German 
Food, Consumer Goods and Feed Code (LFGB) [171] and 
the German Consumer Goods Ordinance (BFVO) 

→	 Resolutions of the European Council such as that on plas-
tic colourants AP (89)1 [172] and that on polymerisation 
aids AP (92)2 [173]

For almost all materials and substances, it can be seen that 
comprehensive rules exist, although there are significant 
differences in terms of implementation. As conformity work 
is extremely complex, especially for small and medium-sized 
enterprises, due to the large number of regulations, many 
associations and federations have produced and published 
guides to facilitate application.

When optimizing packaging with regard to recyclate use, 
recyclability and conformity, e.g. where there is contact 
with food, there is a conflict of objectives that can hardly be 
resolved. The increased use of recyclate in food contact mate-
rials usually requires the use of additional layers as functional 
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sible for participants along the reusable value chain. The aim 
is to refill reusable packaging as often as possible and to keep 
it in the regional cycle. The ever-growing variety of reusable 
solutions and the associated diversity of system properties 
and processes significantly increase complexity and pose a 
growing challenge.

The requirements and challenges give rise to a large number 
of concrete needs for standardization, legislation and re-
search. However, not all standardization needs are necessary 
for every application. Standardization should create a basis 
in which a certain degree of individualization is possible. This 
is important for making reusable packaging attractive to the 
market.

 2.4.3 	 Standardization needs

Some standardization needs can be assigned to multiple 
R-strategies. Requirements with possible multiple allocations 
were assigned to the most relevant R-strategy. Therefore, 
some R-strategies may not be listed in a separate section.

Rethink

RECYCLABILITY AND DESIGN 4 RECYCLING

Need 4.1: Uniform definition framework based on the 
German minimum standard ZSVR
There is currently no uniform framework of definitions of 
terms in the sense of recyclability There are various laws, 
treaties and standards such as the EU Packaging Directive 
[175], the Closed Substance Cycle Waste Management Act 
(Kreislaufwirtschaftsgesetz) [176], the German Packaging Act 
(VerpackG) [158] or the coalition agreement for the federal 
government [1], DIN EN ISO 14021 [177] and publications 
[178], [179] that define key terms. However, these sometimes 
vary or are not sufficiently detailed. In particular, the scope of 
recyclability (theoretical, practical, real recyclability) differs to 
some extent. This leads to confusion and a different under-
standing of market participants throughout Germany and 
Europe.

The terms listed below should be defined in a uniform or 
more detailed manner. The German Minimum Standard ZSVR 
[159] provides an excellent basis for this. The unified frame-
work of definitions can either contain all definitions or refer 
to already existing laws/standards. This should not only be 

Unpackaged solutions enable the purchase of loose goods, 
which are offered in bulk containers, filling stations or dis-
penser systems and filled by customers into reusable contain-
ers they bring with them or into reusable packaging available 
on site. The goal is to avoid sales packs. In the waste hierarchy, 
unpackaged solutions are assigned to the “waste prevention” 
category or the R-strategy “refuse”. Unpackaged solutions 
are also generally not new and have been practised for many 
years, for example, for fruit, vegetables or dried fruit.

In recent years, the range of products in the reusable or 
unpackaged solution sector has grown and completely new 
product groups (e.g. personal care, cleaning agents) and 
areas of application, e.g. in online retailing or for food and 
beverages for out-of-home consumption, including delivery 
services mandatory from 2023, are being added [158]. Further 
developments in digitalization and logistics also make this 
development possible. 

Reverse logistics, i.e. the processes required to return used 
reusable packaging from customers for refilling, are more 
complex and costly than the collection and disposal of single-
use packaging. Industry or pooled solutions exist sporadically 
(beverages, dairy products) [161] and are currently emerging 
for other applications (out-of-home consumption, online 
retail, pre-packaged food and consumer goods). In addition, 
there are individual solutions from retail chains and manufac-
turing companies, some with their own digital prerequisites 
and handling requirements. As a result, retailers and custom-
ers are being confronted with a growing variety of systems for 
reuse and return options. A variety of formats are in use for 
the different products and applications. However, systems for 
reuse should be as easy to use as possible in order to achieve 
customer satisfaction in dealing with the packaging used and 
thus to gain acceptance. The providers see the need to co-
ordinate fundamental aspects, especially for the areas of re-
turn, cleaning/reprocessing and allocation/asset tracking, in 
order to make the use of reusable and unpackaged solutions 
efficient, economical and, above all, environmentally and 
climate friendly. For systems for reuse, cooperation creates 
better market conditions, and improves customer experience 
and environmental sustainability.

In principle, the challenges surrounding the issue of reusable 
packaging are based on two circumstances: First, reusable 
packaging should ideally be used in the pool by a variety of 
manufacturing companies. Secondly, the handling of return 
logistics, i.e. identification, pooling, transport and cleaning 
processes, should be as simple, efficient and regional as pos-
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defined at what point the infrastructures are considered 
comparable. A basis for a uniformly applicable assessment 
methodology can be that presented in Annex 4 of the German 
Minimum Standard ZSVR [159]. Uniform limit values for the 
“presence” of material-specific collection structures should 
be defined. It must be determined what is recognized as the 
state of the art or the more detailed state of the practice that 
corresponds to reality. This must be included on a country-
specific basis for the respective assessment of recyclability in 
the respective country. The determination of the practice of 
sorting and recycling could be done according to the method-
ology defined in the UBA research project [178].

For this purpose, guidelines must be established for conduct-
ing tests on recycling processes and sensor-based separa-
bility (sorting tests). It must always be clarified whether a 
laboratory test is sufficiently meaningful or whether a real 
test in a large-scale plant is necessary. It is also necessary to 
determine how the result of the sorting test of individual tests 
must be taken into account in the overall assessment of recy-
clability. In addition, material-specific, uniform deductions 
for properties that limit recyclability should be defined and 
issued as a uniform percentage in a comprehensible manner 
for manufacturing companies and consumers.

In order not to counteract the development of innovative 
technologies and packaging, these should – if it can be as-
sumed that they will be considered state of the art in the near 
future (e.g. 3 years) – be considered along with the current 
state of the art/state of practice.

Need 4.3: Catalogue/database for standardized packaging 
Currently, it is difficult for manufacturing companies to meas-
ure their packaging in terms of recyclability without major 
effort. With regard to the further development of Section 21 
of the German Packaging Act [158], a catalogue/database 
for packaging with standardized design (material, material 
combinations, size, etc.) is currently under discussion. Since 
a large number of distributors such as farmers (“strawberry 
growers”) use standardized packaging, a catalogue/database 
could help to classify such standard packaging as either 
basically high-quality or basically non-recyclable. A costly 
certification of recyclability would not be necessary in such 
cases. This difficulty presents itself at the EU level as well. 
Such an approach would make it easier for such (micro) 
distributors to assess their packaging. The catalogue/data-
base must be constantly adapted to real conditions.

uniform throughout Germany, but should also apply to the 
whole of Europe, as many packaging manufacturers export 
to different countries and packaging waste is also recycled 
across national borders.
→	 theoretical, technical and real recyclability (for example 

along the lines of Pomberger (2020) [179] and the Ger-
man Minimum Standard ZSVR [159])

→	 high-quality mechanical recycling [178], supplemented 
by the possible target applications of the corresponding 
recyclates (“open” vs. “closed loop” and “design from 
recycling”, see also Needs 5.12 and 5.35 of the key topic 
“Plastics” in Chapter 2.5)

→	 recyclable material and calculation of the available 
recyclable material content (detailed definition of what 
counts as a recyclable material for the respective type of 
packaging) (for fibrous material see Need 6.12. as well as 
Chapter “Plastics” Need 6.14. of the Minimum standard 
ZSVR [159])

→	 foreign material, goods material, composite material, 
solid material

→	 recyclate and recycling incompatibility (possibly 
including limit values for filling material residues)

→	 object of assessment of total packaging and combination 
packaging

Need 4.2: Uniform methodologies, metrics, and limit 
values for assessing recyclability
To date, various methodologies and limit values – varying in 
the level of detail and requirements – exist for evaluating the 
recyclability of packaging. This concerns different limit values 
for the presence of a collection and recovery infrastructure 
as well as different limit values for certain material-specific 
packaging properties/components, which lead to different 
recyclability results. Furthermore, the methodologies differ 
in the reporting of results in terms of percentages or a scale. 
Thus, the results of the test methods are not comparable. In 
addition, the results refer either to a country region or to a 
specific country, which also leads to a lack of comparability 
and poor practicability for manufacturing companies using 
multilingual packaging. Moreover, in some cases not only 
the finished packaging but also semi-finished goods such 
as bottles without labels and lids or pure film are evaluated, 
which does not reflect the reality of the recyclability of the 
final packaging.

There should be a consistent methodology across Europe, 
but allowing for specific results for each country. If necessary, 
a result can also be related to a country cluster if the infra-
structures are comparable. Here, it would have to be precisely 
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cling). The requirements for materials can vary. The definition 
must be comprehensible for all users (distributors, manufac-
turing companies). In the medium term, the specification of 
a target application for the respective recyclates should be 
provided for, see also Need 4.1. as well as Needs 5.12 and 5.35 
of the key topic “Plastics” in Chapter 2.5). The development 
of product category-related circularity criteria is addressed in 
the key topic “Digitalization, business models and manage-
ment” in Chapter 2.1, Need 1.1.

Need 4.7: Guidelines valid throughout Europe  
for the country-specific assessment of the recyclability  
of packaging
Not only the packaging materials differ from country to 
country, but particularly the infrastructure in the individual 
countries. Existing guidelines thus either map the lowest 
common denominator of a region such as the EU or refer to 
a single country. Preferably, a guideline should be drawn up 
that covers the whole of Europe.

Need 4.8: Linking guideline with separation instructions/
product labelling
For the end consumer, it is often not obvious how packaging 
should be separated during disposal. Information on separa-
tion is often lacking and is not standardized. In addition, it is 
often not clear which disposal route is the right one in the re-
spective EU country. In the case of paper composite packag-
ing, it is also often not clear into which collection it should be 
placed. Often packaging has the appearance of being made of 
paper, when in fact it is a composite material [158], [159].

Since meeting “design 4 recycling” guidelines will not provide 
the desired benefits without proper separation behaviour by 
consumers, this is an essential part of not only design 4 recy-
cling, but of course of recyclability as well. Standardization 
of generally applicable disposal instructions can remedy this 
situation, and application could be included as an additional 
criterion in “design 4 recycling” guidelines to be considered 
at the packaging creation stage. 

The collection infrastructures in the individual European 
countries vary. Therefore, a standard should be developed 
that defines uniform separation symbols for packaging 
throughout Europe as flexibly as possible, but that also 
takes national requirements into account. Standardization 
of the design of sorting instructions, e.g. in terms of depth 
of information, description as well as scope of examples 
and comprehensibility, can have a positive effect on the 
sorting quality and quantity of materials disposed of sepa-

Need 4.4: Catalogue for total and combination packaging
Currently, there are only isolated examples of packaging 
being classified as total or combination packaging within the 
meaning of the German Minimum standard of the ZSVR [159] 
(for example, three-component packaging). Thus, individual 
decisions may be made regarding the classification of the 
packaging to be assessed as total or combination packaging. 
This is reflected in different recyclability assessment results.

Analogous to the existing catalogue for packaging subject to 
system participation and the recommendation of a cata-
logue/database for (non-)recyclable packaging, a catalogue 
with a large number of concrete examples of total packaging 
and combination packaging would help to define the basis for 
the recyclability assessment. Thus, testing institutes, experts 
and dual systems would use the same basis for the uniform 
assessment of the recyclability of packaging. This catalogue 
should optimally take into account the country-specific differ-
ences for Europe in the classification of a packaging as total 
or combination packaging due to consumer behaviour with 
regard to the separation of materials during disposal. The 
catalogue is to updated on a regular basis.

Need 4.5: Uniform recyclability label/digital product 
passport for packaging
Currently, there are a number of different labels that indicate 
the recyclability of packaging. These labels are provided ei-
ther by accredited companies, by dual systems or by retailers 
and brand manufacturers themselves. This leads to confusion 
among consumers, as this variety reduces the credibility, 
comprehensibility and comparability of the labels.

A uniform label is to be developed based on a uniform assess-
ment methodology for labelling the recyclability of packag-
ing. The data on recyclability should be available uniformly 
throughout Europe and in a defined format so that they can 
be easily integrated into a “digital product passport”.

Need 4.6: Uniform guidelines for design 4 recycling  
for packaging
Existing guidelines for design 4 recycling are often related 
to one group of materials. Moreover, these are based on 
different criteria. These criteria relate to residual emptying, 
collection, separability, sorting and recycling [316].

A standardized guideline should be drawn up that includes 
all packaging materials. The criteria to be considered must be 
clearly defined and it should be made clear to what they refer 
(collection, separability, sorting, residual emptying or recy-
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parably. For this purpose, for example, a kind of checklist or 
criteria catalogue could be developed for an iterative assess-
ment of which life phases should be taken into account. The 
extent to which the requirements for data quality, documen-
tation and transparent reporting can be further standardized 
should be examined. Information must be provided stating 
that life cycle analyses (LCA) cannot provide unambiguous 
results, but that here, too, it is a matter of probabilities that 
can be represented, for example, by Monte Carlo simulations. 
The following exemplary aspects are particularly relevant for 
the packaging sector:

Use of renewable raw materials
→	 Consistent consideration of CO2 uptake from the atmos-

phere during plant growth, taking into account the differ-
ent time horizons (annually regenerating plants, short 
rotation coppice, long growing forests) and the different 
sequestration capacities for CO2 in afforested areas com-
pared to existing forests

→	 Allocation rules for the use of residual materials, e.g. from 
food production

→	 Collection of regionally specific data for cultivation

Packaging-specific product losses
→	 Consideration of environmental burdens caused by 

production of the packaged product in combination with 
different loss rates for differently packaged products, 
collection of product- and packaging-specific data on 
product losses

Logistics structures for single-use systems vs. systems for 
reuse
→	 Use of realistic circulation figures, especially for pool 

systems that are still being set up
→	 Consideration of the differences between pool and 

individual systems for reuse
→	 Assignment of realistic transport distances, use of real 

data vs. considerations of scenarios

Need 4.13: Definition of communication rules
It must be clear to users and end consumers what sustain-
ability rating the packaging has. Here, the rules of the EU’s 
Initiative on Substantiating Green Claims [165] are a first step 
towards harmonizing communication. Thereafter, it must be 
examined whether there is a need for further standardization.

rately for recycling. An analysis of existing municipal, retail 
and commercial sorting guidance can provide insight into 
best practice approaches. However, no concrete separation 
instructions are to be worked out here, because these may 
differ depending on the infrastructure and collection system. 
Existing national separation notes are documented in Den-
mark, for example [160].

SUSTAINABILITY ASSESSMENTS

Need 4.9: Definition of sustainability 
A uniform definition of the “sustainability to be considered” 
for packaging and packaging systems should be drawn up. 
Among other things, there should also be agreement on 
the “three-pillar” or “four-pillar” model and a definition of 
criteria that allow for a holistic assessment of sustainability. 
DIN ISO 13065, Sustainability Criteria for Bioenergy, provides 
an initial framework for this [183].

Need 4.10: Establishment of principles for the uniform 
assessment of the sustainability of packaging
In order to carry out a sustainability assessment of packag-
ing, basic aspects such as key points, criteria and indicators, 
as well as the use of relevant and transparent data must be 
described. Standardization should establish a list of manda-
tory and optional criteria for sustainability assessments of 
packaging, a definition of specific data required and indica-
tors of the quality of this data.

Need 4.11: Representation and naming of industry 
references and differences
There are industry-related differences for a holistic sustain-
ability assessment. To take this into account, the relevant 
criteria (which may also be relevant across industries) should 
be compiled and recorded in a standard. In the form of a ma-
teriality analysis, the specific criteria/indicators can then be 
added to supplement this information. Here, too, only under 
the premise that reliable and comprehensible data sources 
are available for an assessment. The basic principle is that 
criteria should only be excluded on the basis of a transparent 
impact analysis.

Need 4.12: Clear definition of the term life phase 
including all raw material sources, production steps as 
well as components of the considered packaging system 
and possible differences in product life/product losses
The life cycle of the entire packaging system required for the 
packaging function (“functional unit”) and the impact catego-
ries to be considered should be mapped correctly and com-
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Currently, the term is used in many different contexts and 
with different meanings, diluting the term. Initial approaches 
to a definition refer to the saving of primary packaging.

Need 4.16: Standardized requirements for properties for 
the compatibility of reusable packaging during take-back, 
return and reprocessing
Unlike disposable packaging, reusable packaging must be 
durable and able to withstand the conditions of return, return 
transport and cleaning. This also means that take-back 
systems such as reverse vending machines must be compat-
ible with the various formats and that the storage of empty 
packaging and a return transport should be designed as 
efficiently as possible (e.g. stackable and nestable, foldable 
or collapsible, palletizable, etc.). Reusable packaging is often 
designed for specific products/product categories and their 
specific requirements. The growing market allows for a varie-
ty of (new) formats. This openness of market development is 
considered essential by those involved in order to do justice 
to the applications, some of which are still new. In principle, 
no general need for standardization was identified for materi-
als and formats of primary packaging. Rather, it is a matter of 
requirements for properties that must be identified in order 
to make formats compatible, on the one hand, for common 
return (nestability, stackability, module scheme) and, on the 
other hand, for (automatic) return and cleaning (temperature, 
duration, chemicals). These packaging design requirements 
should be specified in industry standards, for example Pos-
sible test methods for hygiene requirements should also be 
defined on a material-specific basis.

Need 4.17: Standardization for secondary and transport 
packaging in the reusable and unpackaged sector
Secondary and transport packaging should be further 
standardized to make the transport and return of reusable 
packaging (including transport containers for unpackaged 
solutions) more efficient. These should be compatible with 
current logistics standards (e.g. the Euro pallet [181]), be of 
high quality and fully recyclable, not require branding and 
be universally used for different products/primary packag-
ing in the future. Alternatively, it should be clearly specified 
which secondary packaging may be used for which primary 
packaging. The formats of primary packaging can then be 
designed to be compatible within the supply chain and with 
secondary/transport packaging to enable efficient processes 
in handling and logistics (keyword: modular size grading) and 
also to meet specifications for packaging and requirements of 
unpackaged stores [162]. The basic size of reusable packaging 
(e.g. in online retail, for pre-packaged products) should be 

Reduce (by design)

REUSABLE PACKAGING, UNPACKAGED SOLUTIONS,  
E-COMMERCE

Need 4.14: Hygiene and quality standards for unpackaged 
and reusable solutions
Quality control plays a role not only in pre-packaged prod-
ucts, but equally in unpackaged solutions, where loose and 
open food and consumer goods are handled. When transfer-
ring bulk containers to filling stations, it is challenging for reg-
ular food retailers to maintain hygiene standards Transparen-
cy and traceability of refilled goods, and thus quality control, 
occasionally pose a challenge, for example when checking 
the shelf life of the goods or in the event of product recalls. 
For unpackaged solutions, it should therefore be investigated 
to what extent movable gravity containers could be standard-
ized so that they are suitable for handling in regular retail and 
unpackaging stores, as well as for manufacturing companies 
or bottlers. There is no need for standardization for gravity 
containers that are refilled exclusively in the store. In gener-
al, it must be differentiated which goods may be filled into 
the containers (food or non-food articles). Material-specific 
requirements for the hygienic reprocessing and reuse of reus-
able and unpackaged solutions must also be developed and 
defined, e.g., the requirements for cleaning agents, contact 
time, drying, etc. In principle, material-specific test stand-
ards must be developed to test the microbial load of cleaned 
reusable packaging.

Reuse

REUSABLE PACKAGING, UNPACKAGED SOLUTIONS,  
E-COMMERCE 

Need 4.15: Definition of terminology relating to systems 
for reuse
In addition to the very general definition of the term “systems 
for reuse” in ISO 18603 [180], an expanded definition/stand-
ard is needed. Reusable is not the same as deposit (there are 
also systems for reuse that work with other incentives) and 
deposit is not the same as reusable (e.g., deposits are also 
charged on disposable beverage containers). It should be 
defined and thus transparently comprehensible when reus-
able is really reusable in order to avoid greenwashing. There 
is therefore a need for a standard on how to measure the 
“environmental performance” of systems for reuse. The term 
“unpackaged” also lacks a clear and overarching definition. 
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Need 4.19: Standardization of automated take-back for 
reusable packaging
Reusable packaging is often taken back manually, via return 
boxes or via return vending machines. In the future, it can be 
assumed that the collection can be bundled and increasingly 
carried out via vending machines. Vending machines must 
be able to take back a variety of packaging shapes and sizes 
in the sense of an overarching infrastructure. To this end, 
it is important to develop standards for the return vending 
machines (e.g., minimum diameter of the return opening, ap-
proved shapes) to which the developers of reusable packag-
ing can orient themselves. For an overarching infrastructure, 
standardized coding is also required on packaging that can be 
read, recognized and clearly assigned by vending machines. 
In this context, it is also necessary to work out where the 
packaging marking must be applied in order to enable auto-
mated processes in the future. The required image processing 
must also be further improved. It may also be possible to 
use a “digital twin” to improve sorting and the handling of 
empties in general.

Recycle

CIRCULAR SUPPORT STRUCTURES AND INFRASTRUCTURES

Need 4.20: Interoperability between package marking, 
capture, sorting and databases
To support the Circular Economy while ensuring the greatest 
possible technology neutrality and openness to innovation, 
technical and content-related interoperability should be en-
sured through standardization. This concerns the interfaces 
between the markings of packaging, the sensor technology 
for capturing and sorting, and the databases with the stored 
product passports. Here, both the technical principles of 
minimum interoperability and the minimum content and 
structural requirements of the product passports must be 
considered.

Need 4.21: Readability of the digital product passport in 
the automated sorting of recyclables
The digital product passport should be readable during the 
sorting of waste (products and packaging) so that the con-
tents can be used for sorting. For this purpose, the marking 
of the product or packaging should be readable even after 
changes in geometry or other eventualities in the product 
life cycle. Standardization of the marking (size, location of 
attachment, fixation, readout criteria) may be useful here for 
compatibility with high-speed readers. Since materials are 

palletizable and, if possible, stackable to a complete layer on 
a standard Euro pallet [181] to simplify shipping and storage. 
What is needed is an assortment- and product-specific view 
and individual solution finding.

Need 4.18: Standardization for the use of labels, tapes, 
adhesive tape and closures
Labels are an important component of reusable packaging. 
They contain information on the product, its contents and 
use, markings or – in the case of shipping packages – also 
personal data for the delivery of the goods. During transport, 
labels have to withstand a wide variety of environmental 
influences, such as changing weather conditions. At the same 
time, they must be designed in such a way that they can be 
removed directly and in one piece by the customer in the 
“online mail order” use case or are suitable for the machine 
cleaning process. In addition, in online mail order it is impor-
tant that not only labels do not adhere too strongly if possible 
and are removable “in one piece”, but also any additional-
ly used tapes/adhesive tapes. Closure systems used (e.g. 
zippers and Velcro fasteners) or attached notices for reusable 
packaging should, on the contrary, be designed to withstand 
a cleaning process. If necessary, it should be checked wheth-
er an address pocket can be attached as standard in order to 
avoid labelling altogether. It should be noted that automatic 
scanning can then lead to high error rates due to reflections. 
Specifications for reading the labels could also be beneficial. 
The challenge generally lies in the different surface textures of 
the materials used (glass, plastic, metal) with a variety of ad-
hesives with different solubility, adhesive strength, environ-
mental compatibility, etc. The challenge is to find the “sweet 
spot” where the labels adhere to the packaging regardless of 
environmental and handling influences (temperature, mois-
ture, friction from conveyor belts, etc.), but can be removed 
well and as easily as possible by hand or machine after use. 
Provisions should therefore be developed and tested on a 
material-specific basis together with manufacturing compa-
nies and suppliers of cleaning equipment for different surface 
materials and applications. 

Uniform material-specific provisions regarding adhesives 
and labels in other areas of application should be defined in 
industry standards if necessary, for example to simplify the 
cleaning of reusable containers from different systems for 
reuse in the same cleaning system.
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Need 4.25: Labelling of material from or with recyclates
In order to ensure that there is no confusion in processing 
between compliant and non-compliant material, particu-
larly in the food contact area in the case of material that has 
already been partially used, the introduction of a continuous 
marking/labelling system to identify products made from 
recyclates should be examined.

Need 4.26: Extension of DIN SPEC 91446 to include data 
relevant to conformity 
DIN SPEC 91446:2021-12, Classification of recycled plastics 
by Data Quality Levels for use and (digital) trading [49] should 
be investigated to see if it needs to be extended to include 
conformity-relevant data (e.g. for food contact materials, 
dangerous goods).

If, for example, dangerous goods packaging is produced using 
the CoEx/multi-layer process, in which the inner layer in con-
tact with the product is made of virgin material, it would have 
to be examined whether this could be facilitated with regard 
to the use of recyclates, e.g. with regard to multiple recycling. 
Such CoEx packaging is currently the norm in the dangerous 
goods sector when recyclate is used in the production of 
packaging.

Need 4.27: Functional barriers
As evidence of the effectiveness of barriers in the use of 
recyclates, the use of the approaches from DIN SPEC 5010 
[48] should also be tested in other areas.

Need 4.28: Compatibility assessment of dangerous goods 
and packaging  
For dangerous goods packaging for liquid contents, it 
should be examined whether a simplified procedure can be 
established for evaluating the chemical compatibility of the 
packaged product with the packaging material, which also 
takes into account the influence of the recyclates.

REUSABLE PACKAGING, UNPACKAGED SOLUTIONS, 
E-COMMERCE

Need 4.29: Labelling and identification, digital interfaces
In order to ensure a functioning system for reusable pack-
aging, including sorting and allocation to manufacturing 
companies, information on the manufacturing company and 
owner should be included in a unique (serialized) label that 
has yet to be defined. In principle, manufacturer-dependent 
identification features can also be stored, as well as further 
information on the number of circulations and circulation 

used several times in the Circular Economy, suitability of the 
labelling for several cycles should be strived for. The selection 
of the data carrier must be industry- or even product-specific.

Need 4.22: Marking of packaging materials and packaging 
applications
The basis for the success of the unambiguous identification 
and allocation of packaging to defined material flows can 
only be the gradual introduction of an obligation to label by 
means of a freely selectable (interoperable) labelling technol-
ogy with simultaneous deposit of the minimum data in an (in-
teroperable) product passport database. In the long term, the 
standardization of collection and sorting systems in Germany 
and Europe should also be sought in order to strengthen the 
national and European Circular Economy.

Need 4.23: Uniform design of specifications for the 
description of sorted recyclables
After the collection of e.g. packaging waste from end users, it 
is separated into fractions in sorting plants, if necessary. This 
produces several different sorting fractions, depending on 
the technology and effort involved, which are then fed into 
a recycling process. Sorting of waste may vary depending 
on the sorting facility. If a recycler is able to obtain material 
from different sorting facilities, its processing capacity can be 
increased.

Standardization of recyclable material grades for post-
consumer (packaging) waste at the European level enables 
EU-wide trade in recycling raw materials and promotes the 
emergence of specialized, efficient recycling facilities across 
countries. The following aspects are to be standardized: For 
frequently occurring recyclable material qualities in the EU, 
specific values should be defined and identified by name as 
well as number.

CONFORMITY WITH PRODUCT CONTACT REGULATIONS

Need 4.24: Guide for SMEs regarding compliance work
A general guide for SMEs and start-ups should be examined 
in order to safeguard the industry, which is strongly charac-
terized by SMEs on a national and European level, while the 
complexity of compliance work is foreseeably continuing to 
increase. This could provide an initial introduction to compli-
ance work as well as an overview of existing regulations. For 
material-specific or industry-specific topics, reference should 
then be made to the existing association documents.
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times via corresponding coding/identification systems. 
Standardization approaches are needed for this. The recy-
clability due to applied labelling methods (in-mould label, 
near-field communication, RFID, etc.) has to be considered.

For return and return logistics, a digital infrastructure is to be 
examined that connects the interfaces of the various systems 
and, if necessary, apps and also includes a system for deposit 
clearing.
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2.5 
Plastics



passport were identified. A total of 393 out of 2101 standards 
were classified as relevant.

The majority of the standards already exist in the area of 
recycling (classic area of the Circular Economy), or are 
generally applicable results. Some R-strategies have little or 
no presence in the collection of standards.

After evaluating the search results and assigning them to the 
challenges (multiple assignments were possible here), the 
Pareto analysis in Figure 25, shows that there are four areas 
for potentially new standards, as a below-average number of 
standards were found there:
→	 Sustainability assessment
→	 Input streams/traceability/digital product passport
→	 Recyclability
→	 Chemical recycling

There are two areas in which there are standards which 
potentially need revising:
→	 Quality
→	 Mechanical recycling

 2.5.1 	 Status quo

Plastics are a widely used material that have become in-
dispensable in today’s society. Plastics are easy to process, 
flexible to use, durable and recyclable in many respects. 
Within the framework of the Standardization Roadmap Cir-
cular Economy, plastics play a key role, which was evident at 
many points in the concrete work on the Roadmap. Here, the 
interfaces to packaging, textiles and electrotechnology & ICT 
should be mentioned in particular.

Responsible use of plastics is about the use of primary plas-
tics, product life, reuse, recycling and the use of secondary 
raw materials. In the following, the approaches of the Circular 
Economy are described and the need for standardization 
is determined under consideration of the nine R-strategies 
Plastics are described as a material in general in the following 
chapter, which includes all types of plastics.

Evaluation of standards research
The Working Group Plastics evaluated the standards research 
of DIN, DKE and VDI on the basis of the nine R-strategies. In 
addition, the topics carbon footprint and digital product 

General; 71

R0 Refuse; 0

R1 Rethink; 0

R2 Reduce; 1

R3 Reuse; 27

R4 Repair; 18

R5 Refurbish; 18

R6 Remanufacture; 19R7 Repurpose; 19

R8 Recycle; 91

Carbon footprint; 25

Dig. product passport; 32
2 101
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Total 
relevant results

(main topics 1-7)

Main Topic
Plastics

Figure 24: Categorization by R-strategies (Source: DIN)
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important to distinguish between the recyclability of plastic 
materials as such, e.g., the homogeneous granules of known 
composition used to make a laptop housing, and the recycla-
bility of plastic waste streams, e.g., the ground plastic waste 
generated by an electrical appliance recycling operation. The 
material is determined by its composition and the chemical 
and physical properties of the individual starting materials. 
The quality of the waste stream is influenced by the use of the 
materials (e.g. ageing due to heat and/or UV exposure, con-
tact with fillers and mechanical stresses). Furthermore, the 
composition of different materials complicates the recyclabil-
ity. To increase real-world recyclability, technical capabilities 
and quality requirements must be further defined, expanded, 
and aligned with the nine R-strategies.

Digitalized and transparent value chains
With the increase of the recycled content in various products 
(incl. packaging), the responsibility of those involved in recy-
cling, incl. the recycling industry as local and environmentally 
friendly raw material suppliers, is increasing. Traceability of 
information on recycled plastics is an important task to meet 
compliance and quality requirements at the end product 
level. Especially in the case of closed-loop products, the 
question is where the supply chain begins and at which point 
which relevant information should be documented. Stand-

 2.5.2 	 Requirements and challenges

The requirements and challenges in the area of the key topic 
“plastics” were developed in the six challenge areas of recy-
clability, sustainability assessment, input streams/traceabil-
ity/digital product passport, quality, chemical recycling and 
other recycling methods, and mechanical recycling, and are 
described below. The recommendations for action identi-
fied are then listed in a structured manner according to the 
R-strategies.

Recyclability
A recyclate, or recycled material, as defined by the EU Com-
mission, is a plastic material obtained from the recycling of 
plastic waste that is no longer waste and can be used in the 
manufacture of new articles or products and can be assem-
bled according to a new formulation using additives [184].

When assessing recyclability in general, the composition 
(polymers, fillers, additives, etc.) of the plastic products on 
the one hand and, on the other hand, the possible recycling 
processes – mechanical recycling, solvent-based reprocessing 
and physical recycling, depolymerization and chemolysis, 
and thermo-chemical and feedstock recycling (pyrolysis 
and gasification) – must be considered together. It is also 

RecyclabilitySustainability
assessment

Input streams/ 
traceability/ value chain 

& logistics/DPP

Mechanical 
recycling

Chemical recycling 
and other methods

Quality

Figure 25: Breakdown of existing standards by challenges (Source: DIN)
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Mechanical recycling
Mechanical recycling is the bedrock of the plastics Circular 
Economy. Ever since parts have been produced with plas-
tics, there has been waste in the form of sprues, edge trim 
and missing parts. These have always been processed and 
returned to the cycle, certainly initially for cost reasons 
alone. Mechanical recycling includes, among others, the 
process steps sorting, washing, comminution, re-sorting (e.g. 
density separation or spectroscopic separation), grinding 
or compounding. These can be cascaded and run multiple 
times depending on the type and complexity of the waste. 
It is the most important and effective recycling method and 
represents a preparatory, intermediate or final step for many 
other recycling processes: No chemical recycling would work 
efficiently without first sorting, washing or grinding. In the 
end, the separated recyclables must be further processed into 
compounds with defined properties.

Over the last few years, however, the nature of waste has 
changed significantly. Where previously almost only indus-
trial, clean and homogeneous polymers (post-industrial) 
were processed, polymeric waste from households, the 
dismantling of buildings and from end-of-life vehicles (post-
consumer) poses new challenges for mechanical recycling. 
Nowadays, manual sorting and grinding are no longer 
sufficient. For example, the waste is detected and sorted; 
it is centrifuged, cryogenically ground, paint stripped, and 
finally compounded by adding special additives to give the 
raw material another life in a new component. To be able to 
tap further sources of secondary raw materials, it is important 
that the innovative strength and development of mechanical 
recycling be advanced. On the one hand, the waste has be-
come of lower quality, and on the other hand, the quality re-
quirements for the recycled plastic are becoming increasingly 
stringent. In addition, additives or dyes that were common a 
few years ago are now banned and must be reliably detected 
in the polymer and diverted from the recycling stream.

Another challenge is that applications from some industries 
were developed years ago without the thought of design 4 
recycling and are only now coming back into the recycling 
stream. These material streams, which today are largely 
thermally recycled, offer a high potential for high-quality 
plastics if they can be separated and processed economically. 
In parallel, however, the compounder and the designer can 
already do a lot to move from a linear to a circular plastics 
economy: Mechanical recycling is facilitated with the help of 
special additives, such as markers or IR-detectable dyes. Of 
course, design 4 recycling also has a great influence: Multilay-

ardization in the areas of data processing, documentation, 
conformity assessment, and measurement methods can help 
make the leap from individual isolated solutions to a harmo-
nized European and global market.

The design for plastic products has a major impact on their 
suitability for recyclability and can have a positive impact in 
the “refuse”, “rethink” and “reduce” dimensions. Supplemen-
tal labelling requirements for plastic products must meaning-
fully support “reuse,” “repair,” “remanufacture,” “refurbish,” 
and “repurpose,” as well as make the recycling of plastics 
more effective, of a higher quality, and more reliable. Further-
more, when different plastics are used in items or when plas-
tics are combined with other materials, it is often too difficult 
and costly to separate them for recycling.

Plastics are complex in terms of their recycling, as there are 
several levels of sorting. Each piece of plastic waste must 
be separated on a polymer-specific basis, since a mixture of 
plastics can only be processed into applications with very 
low added value, such as railroad ties or park benches. Due 
to their widespread use, frequently used packaging materials 
and common variants of standard plastics are already collect-
ed in high proportions sorted by type, or can also be sorted 
and recycled well from mixtures. In addition to the differ-
entiation into the various polymers – i.e., e.g., polyethylene 
terephthalate (PET), polypropylene (PP), polyethylene (PE), 
polyvinyl chloride (PVC), polyamides (PA), etc. – it is addition-
ally relevant for their recycling that they are often designed 
for an intended processing, such as injection moulding or ex-
trusion, or for an even more specific application. In addition, 
there are additives, fillers, etc., which are also incorporated 
into the polymer structure according to the properties of 
the product, e.g. flame retardant additives for waste elec-
trical and electronic equipment (WEEE). In order to prepare 
plastic mixtures for reuse, the first step would be to sort them 
into those plastics of a fraction that are compatible for the 
intended application. Thus, a food application does not use a 
raw material that may pose risks to the health of consumers. 
The more information is available about the material in the 
recycling, the more targeted it can be sorted or processed.

While successful collection and sorting infrastructures have 
already been established for post-consumer packaging 
materials, other polymers, such as engineering plastics, are 
less likely to undergo recycling-oriented sorting today due to 
lower volumes or higher specialization. Voluntary collection 
and separation systems of the Circular Economy ensure the 
greatest sustainability benefits in this regard.
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cling can be beneficial from an environmental point of view in 
terms of resource efficiency and CO2 emission savings (includ-
ing the use of renewable energies in recycling processes).

Recycling methods such as depolymerization break down the 
polymers back into their basic building blocks (monomers), 
which can then be used again in a separate step to produce 
new plastics. Pyrolysis is a deliberately induced thermal 
degradation of the polymer chains, which, depending on the 
process control (temperature, pressure, catalyst and reaction 
time), leads to pyrolysis condensates (pyrolysis oil) with 
different molecular structures and chain lengths. Depending 
on their composition, these can be processed again in a 
petrochemical process to produce plastics starting chemicals 
(cracking, hydrogenation) in the same way as crude oil pro-
cessing. Compared to pyrolysis, which is run in an oxygen-free 
atmosphere, gasification (also known as partial oxidation of 
plastics) comes at the end of the chemical recycling process. 
Here, under defined process conditions, the plastic is con-
verted into a synthesis gas (mainly CO, H2, CO2), from which 
any basic chemical substances can be reconstituted (see 
Figure 27).

STATUS QUO OF STANDARDIZATION OF NEW RECYCLING 
TECHNOLOGIES 

The need for a strategy to bring new recycling technologies 
for plastic waste into the existing standards system becomes 
clear when looking at the established standards landscape 
in the field of plastics recycling. The standards system is 
currently focused on mechanical recycling and represents a 
state of technology that no longer meets the demands and 
needs of society and the market. A conceptual adaptation of 
the standards is necessary to take account of current devel-
opments and future technologies. With regard to the Circular 
Economy, openness to technology plays an important role for 
all standardization stakeholders. The existing technologies 
complement each other.

Chemical and physical recycling are hardly taken into account 
at all in the existing standards. There are very few standards 
that deal with definitions for chemical recycling, for example, 
and describe it technologically. In addition, these specifica-
tions are outdated and thus require adaptation to the current 
state of the art. Fundamental work is needed here in the 
form of describing the technologies and their characteristics, 
as well as methodologies and definitions. Initial projects 
on chemical and physical recycling are currently underway 
at international level. When revising existing standards in 

er applications or 2-component processes with polymers that 
can only be partly recycled or not recycled together should 
be avoided. Joints of plastic components should be easier to 
detach, and the use of different types of polymers should be 
kept to a minimum.

Chemical recycling and other recycling methods
Currently, mechanical recycling processes have the largest 
market share in plastics recycling, but new, complementary 
recycling processes are already in research and development 
or on the threshold of industrial plastics recycling and market 
implementation. There is a limitation to mechanical recycling 
due to the return logistics of plastic waste (collection and sep-
aration), but also to the highly functionalized and complex 
plastic products of our everyday life. Plastics, plastic blends 
and fibre-reinforced plastics that are highly filled, coloured 
and equipped with additives for the protection and safety 
of the product application are only suitable for mechanical 
recycling to a limited extent. To increase the total amount 
of recyclable plastic products and components in a Circular 
Economy, new, innovative technologies must be used to com-
plement traditional mechanical recycling.

PHYSICAL RECYCLING

The term physical recycling covers the solvent-based physical 
recycling methods. By selectively dissolving out the target 
polymer using a suitable solvent, it is possible to separate 
the target polymer from the other polymers and to separate 
additives, colourants, fillers and interfering substances from 
the polymer solution (e.g. in the separation of multilayer film 
waste). The method thus enables the generation of high-qual-
ity single-variety recyclates from waste streams. An important 
distinguishing feature from chemical recycling methods, 
which can also be carried out using solvents, is that the poly-
mer structure is retained. In this context, the efficiency of the 
recycling process in physical recycling also strongly depends 
on the input material (e.g. concentration of target polymer in 
the input material) [201].

CHEMICAL RECYCLING

Chemical recycling of plastics involves chemical processes 
in which polymers, polymer blends and composite systems 
can be broken down into monomers or other chemical 
building blocks under pressure and temperature, often using 
chemical and enzymatic catalysts. Due to the conversion and 
downstream methods (purification) used, chemical recycling 
processes are energy intensive. Nevertheless, chemical recy-
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have hardly been standardized to date. The large number of 
standards already in existence therefore shows above all how 
extensive and complex the subject of quality is around the 
entire recycling process and the various process steps of the 
different recycling methods (mechanical, chemical, physical, 
bioenzymatic). If one deals in detail with the standardization 
of qualities of recyclates, one encounters the high complexity 
in several dimensions of the subject. On the one hand, the 
recycling process from waste collection to sorting processes 
to refurbishing and processing of new materials must be 
considered. Furthermore, different types of recycling have 
different quality requirements for input and output streams. 
In addition, there is a great variety of materials and applica-
tions, which often have specific quality requirements.

With regard to qualities, standardized data sheets and grades 
of recyclates, some standards already offer initial solutions, 
but in some cases there are different approaches and at the 
same time normative regulations are still lacking in some 
places. There is still a lack of uniform standards for deter-
mination and documentation, especially on the subject of 
harmful substances or additives, both from the first life cycle 
and through addition during the recompounding process. 
The topics of sampling and homogenization are already 
considered for some process steps, although these standards 
are often not applied in practice or do not include all steps of 
the recycling process. There is a need for revision here with a 
view to practical use. In this context, the definition of batches 
and variations in characteristic values should also be consid-
ered in greater depth. The gap analysis also shows a lack of 
testing standards which provide clarity for chemical analysis. 
In particular, tests on odour, harmful substances and out-
gassing should be mentioned here. It would also be helpful 
to have a guideline for the evaluation of defects and defect 
groups for recyclates and products made from recyclates, 
similar to VDI 3822 on failure analysis [205].

Standards could help simplify the use of recyclates by provid-
ing guidelines on their design, construction, and processing. 
Such standards would also create certainty in the area of 
occupational safety during the processing of recyclates and 
allow for better assessment. In general, new standardization 
projects should consider the extent to which a distinction 
between virgin and recycled material is actually necessary. In 
addition, future projects should evaluate the extent to which 
standardization is necessary or whether a supplier specifica-
tion is more target-oriented for an issue.

the field of plastics recycling, an adaptation or extension of 
existing concepts, e.g. the definition of recycled or secondary 
materials, for new technologies, such as chemical or physical 
recycling, is of central importance. New concepts such as 
chain-of-custody must also be incorporated into the develop-
ment of standards in the plastics recycling sector [201].

Quality
Quality creates trust – this phrase may be somewhat worn 
out because it is much used in the marketing of many com-
panies, but it nevertheless sums up the value of the topic 
of quality exactly. For many years and decades, recyclates 
were often associated with inferior grades and downcycling, 
severely limiting their use in some industries. In order to 
achieve the transition to the Circular Economy here, confi-
dence in recyclates must be created, with a reliable quality of 
materials being a central building block that affects all areas 
of application.

Only comparable and reliable material qualities can ensure a 
lasting increase in recyclate use rates, especially in high-value 
applications in all industries. The importance of the topic of 
quality is also seen in the large number of national and inter-
national standardization projects, e.g. the current, extensive 
standardization request from the EU Commission, under 
which new standards in the area of quality will be created 
over the next three years [184]. In addition, there are also 
many other normative and private sector efforts to define 
qualities via joint projects or individual delivery specifications 
for recyclates. The German government’s coalition agreement 
also mentions the development of quality standards for re-
cyclates [1]. Overall, all of these initiatives agree that quality 
must be ensured as a central building block, even if there are 
different approaches to the “how” in the current standards 
landscape. There are specifications such as DIN SPEC 91446 
[49], which apply as a framework standard across all appli-
cations and materials, standards such as the EN 1534X series 
[187], [189], [190], which contain specifications for individ-
ual materials, as well as material- and application-specific 
standards in well-functioning circuits, e.g. for PET bottles 
(ISO 12418-1 [199]) or PVC doors and windows (DIN EN 17410 
[204]).

If we look at DIN’s standards research on the topic of Circular 
Economy, we can already find almost 250 standards and 
specifications today that are related to the topic of quality 
(see Chapter 2.5.1). At first glance, this sounds like a lot, but 
the actual analysis also shows a large number of gaps, since 
many materials, applications and process steps in recycling 
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ards for these yet, only some common methods. For example, 
life cycle costing (LCC) or material flow cost analysis (MFCA) 
can be used to assess economic sustainability.

The assessment of social sustainability presents a particular 
challenge. In the area of the Circular Economy, in addition to 
the evaluation of processes with regard to working conditions 
and safety, aspects such as equality and inclusion within the 
process implementation of products or within the organiza-
tions are also important. Previous methods build on assess-
ment based on the 17 UN Sustainable Development Goals 
(with their sub-goals and associated indicators) or are based 
on social life cycle assessment (sLCA).

 2.5.3 	 Standardization needs 

The nine R-strategies cannot be directly transferred to plastics 
as a material. The identified standardization needs refer to 
one or more R-strategies and are listed below by R-strategy. 
Needs with multiple assignments were assigned to the most 
relevant R-strategy and R-strategies with no need assigned to 
them were not listed.

The scheme shown below has been developed in order to get 
an overview of the different material streams describing the 
R-strategies of plastics and how they depend on each other 
along the value chain, as well as a cycle leading “value pres-
ervation”. This scheme describes the value creation starting 
from the raw material source through the process steps of 
plastics production to the product, as well as the return of the 
product and the plastic it contains back into the process in 
various recycling processes while preserving its value. Here, 
the nine R-strategies have been broken down to the material 
level of the plastic, in particular the polymers it contains, in 
terms of chemistry, quality and recycling methods. The needs 
for standardization have been highlighted in this diagram as 
the orange dots, which are intended to describe the criteria 
according to which the direction of the next process step to 
be applied can be aligned in the material flow diagram.

Sustainability assessment
In order to achieve minimum social standards and sus-
tainable living and economic goals worldwide, a global 
sustainability transformation toward the 17 UN Sustainable 
Development Goals (SDGs) [203] is necessary. This can be 
achieved, among other things, by treating materials in the 
spirit of the Circular Economy. This is particularly important 
for plastics, as huge quantities of barely degradable plastic 
waste have so far been released into the environment, where 
they cause permanent damage (including as microplastics). 
For this reason, the expansion of the R-strategies for plastics 
must be driven forward rapidly. In turn, to act in the spirit of 
the global sustainability transformation, R-measures must 
meet sustainability criteria to the highest degree. For sus-
tainable processes (i.e. also for the mechanical and chemical 
recycling of plastics, for example), the classification into three 
dimensions – social, economic and ecological – has become 
established. The sustainability assessment of recycling 
processes (and of the other R-measures) as well as of prod-
ucts (here mainly recyclates, see the section on sustainability 
assessment in Chapter 2.4) and the relevant organizations 
(e.g. recycling companies) must take place in these three 
dimensions. This requires conformity systems that contain 
qualitatively and quantitatively clear and comprehensible 
decision-making bases and ultimately lead to the fulfilment 
of the 17 SDGs [203]. Some conformity assessments in the 
context of sustainability and the Circular Economy already 
exist, which can serve as a basis beyond Germany as well.

However, for the recycling of plastics, there is a need to 
specifically certify the sustainability assessment based on a 
uniform standard.

Assessment systems for environmental sustainability are now 
established methods, but there are challenges particularly in 
relation to the recycling of plastics. For example, the choice of 
the allocation method of end-of-life plastics is not specified in 
the relevant standard. Another challenge is the issue of green-
washing. This covers all actions with which companies sug-
gest an environmentally friendly image to the outside world, 
although they do not work or produce sustainably. Unlike 
the term “organic” in the food industry, statements such as 
“sustainable,” “climate-neutral” or “environmentally friendly” 
are not defined by law and there are no protected labels. 
Therefore, criteria for mandatory labelling of products (e.g., 
recycled plastics and the components made from them) are 
necessary. In addition to ecological sustainability, economic 
and social sustainability are just as important dimensions of 
sustainable development. Nevertheless, there are no stand-
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3.	 present the holistic ecological, economic, technical and 
social assessment of the recyclability in the different 
recovery routes, and

4.	 examine existing standards to determine whether a 
general exclusion of the use of recyclates, which may 
have been stipulated in the past, is still proportionate 
today due to the current state of the art and the material 
qualities.

In many product areas and application sectors, there is a lack 
of standards and specifications describing “design 4 recy-
cling” principles for increasing the recyclability of products, 
components and polymers, which can be provided to the 
product developer at the beginning of a product life cycle. 
Today, there is also a lack of technical rules and standards for 
the classification of recyclability itself and in conjunction with 
specific recycling methods, which increases the recyclability 
of the products and the recyclability of the components and 
polymers via a standardized polymer selection. In addition, 
the interaction of polymers with additives and admixtures, 
which play an important role in the processing and recycling 
of plastics, for example, as well as chemical building blocks 
for functionalization, stabilization, homogenization and 
reinforcement to increase service life, has received too little 
attention to date in the context of recyclability.

Rethink

DESIGN 4 RECYCLING 

How can the recyclability of a product, a component or a 
polymer be increased and which standards and specifications 
can support this? 

In general, a distinction must be made between the recycla-
bility of a product made of plastics, the plastic components, 
which in many cases consist of different polymers as well 
as additives, fillers and colourants, and the polymers them-
selves. The recyclability of a polymer depends on the techno-
logical maturity of the recycling methods as well as efficiency 
in terms of yield, selectivity of the target molecules and 
process control. In addition to the design and structure of the 
products, that of the components of the polymer materials is 
also crucial for increasing recyclability.

The goal should be to
1.	 “design” polymers (e.g. additives, dyes) in such a way 

that they can be used to produce high-quality recyclates 
at the end of their life cycle,

2.	 design product components and products to support 
collection and sorting and recovery technologies, 
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Need 5.2: Delineation of an LCA and PCF and PEF by im-
pact categories and scope as well as communication type
Due to the complexity of an LCA, PCFs are often an effective 
means of providing an indication of sustainability. However, 
it is often not clear when must which instrument be used? 
A PCF is an LCA with only one indicator GWP 100 (Global 
Warming Potential, time horizon of 100 years) [167]. For the 
preparation of life cycle analyses in the field of plastics, it is 
necessary to be more concrete in order to obtain relevant 
and comparable results. This concretization concerns, among 
other things, the definition of the assessment approach, 
system boundaries and input parameters

Standardization can support the classification (meaningful-
ness of an ecological assessment) and applications (internal 
or external communication of the results) of materials for 
industry, consumers and other stakeholders. An LCA should 
always provide a holistic picture of ecological performance 
of products/material systems and evaluate the circularity. 
There is a need to show a hierarchy of ecological assessment 
(between LCA, PCF and PEF). Differences and limitations of 
the application should be described here.

Need 5.3: Standardized definitions of terms, methods/
selection of overarching criteria, and methods for review
Environmental statements, certificates or sustainability seals 
that refer to environmental or social aspects are only per-
mitted if the issuer is a recognized institute or independent 
organization, or if they are based on the EU Ecolabel, EN ISO 
environmental labelling or specific EU legislation relevant to 
the statement, or if the statement has been independently 
validated by a third party.

Today, there are already a number of certificates and seals, 
which can cause considerable effort for recyclers due to the 
data collection, provision and auditing required for them. 
A more practical approach would be a standard according 
to which a declaration of conformity is made, which is then 
implemented by different service providers together with the 
recyclers – an approach that has proven itself for many years 
with DIN EN ISO 9001 [206].

Standardization can give support here by providing a stand-
ardized test method that ensures a transparent basis for 
labelling and conformity assessment. This, in turn, also 
protects consumers from greenwashing, as unsubstantiated, 
general or vague environmental statements are more difficult 
to make. Establishing criteria for evaluating the fairness of 
environmental statements also facilitates enforcement by 

Initial guides have been developed by recycling associations 
[193], research bodies [194], foundations with statutory tasks 
[195], consultancies and consumer goods manufacturers 
mainly in the packaging sector and with a focus on mechan-
ical recycling. There is a lack of generally accepted rules and 
standards developed by all stakeholders for all areas of appli-
cation of plastics and with regard to all recycling methods.

In general, there is a lack of sector-specific standards for 
determining recyclability, such as guides or guidelines for 
classifying products and product components in conjunction 
with the best possible recovery and recycling methods today. 
Such standards not only assist in the design of plastics, but 
also provide transparent guidance on recyclability to all who 
use plastics and the products made from them.

Need 5.1: Allocation of the end-of-life of plastics
In the context of life cycle and sustainability assessment of 
plastics, the allocation of end-of-life is a particular challenge. 
Established standards (DIN EN ISO 14040/14044 [80], [81]) do 
not make any recommendations for action in the selection 
of suitable allocation methods for plastics. At the same time, 
the most common methods (cut-off & avoided burden) show 
problems when applied to plastics. The cut-off method does 
not include any credits for later recycling. On the one hand, 
this motivates a product developer to use secondary material 
and to use as little primary material as possible; on the other 
hand, there is no incentive for the developer to pay atten-
tion to the recyclability of the product. The avoided burden 
method, on the other hand, allows credit for future recycling 
and thus sets great incentives to generate a product that is as 
recyclable as possible, but often does not reflect the mate-
rial degradation or the real recycling rate of the plastic. The 
product environmental footprint [166] allocation approach 
attempts to address this problem by using additional infor-
mation to determine the market demand for recycled mate-
rial. The higher it is, the more positive the impact of future 
recycling on the life cycle assessment results. However, users 
are often faced with the challenge that this allocation method 
requires further data beyond the life cycle inventory in order 
to determine the corresponding factors in the calculation 
method. Particularly against the background of additives 
and the sortability of the material, there is a lack of suitable 
standards for assessment in order to select an allocation 
method suitable for plastics on the one hand and to deter-
mine a recycling rate corresponding to reality on the other. By 
standardizing the selection methods and applying allocation 
methods, a recyclable design is promoted, and a realistic and 
comparable assessment result is generated.
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mental costs can also be included, which arise from opera-
tional environmental protection (cf. VDI 3800 [208]).

It would also be advisable to include external environmental 
costs (e.g., through a damage cost approach). This involves 
determining the costs of resource consumption within the set 
system boundaries (for example, the costs arising from land 
and water consumption in the extraction of petroleum as a 
feedstock for plastics) that are incurred in the short, medium 
or long term. For this, the “damage” to the environment must 
first be quantified and then monetized.

Need 5.5: Regulating occupational safety in chemical and 
mechanical recycling or in the processing of recycled 
material
Special hazards occur during the mechanical and chemical 
recycling of plastics. In chemical recycling, this may be due 
to the polymers themselves (e.g. PVC) or may occur due to 
additives that are hazardous to health. In mechanical recy-
cling, occupational safety issues should be focused on with 
regard to the processing of recyclates (dusts, volatile harmful 
substances). This should take into account the establishment 
of limit values of substances relevant to occupational safety 
and the standardization of test methods and measurement 
techniques.

Research projects should investigate the extent to which 
separate occupational safety regulations are necessary for 
the processing of recycled materials or for chemical recycling. 
This must also take into account the fact that post-consumer 
recyclates may contain unknown harmful substances, and 
regrinds may contain higher levels of dust than virgin mate-
rials, for example. When evaluating dusts, the type of dust 
(microplastics, metal dusts) can be considered. If research 
activities show the need for a distinction, appropriate limits 
should be regulated by standards and laws.

Repurpose

Need 5.6: Review and update of existing standards 
regarding realistic environmental conditions in the 
evaluation of the biodegradability of plastics
In the area of biodegradable plastics, a review of the stand-
ards with regard to their practical relevance is recommended, 
since even materials that can be composted according to 
current standards often have to be sorted out at great ex-
pense. It is recommended that the environmental conditions 
of degradation (industrial and home composting, sediment, 

consumer protection agencies. There is currently a proposal 
for a Directive of the European Parliament and of the Council 
amending Directives 2005/29/EC and 2011/83/EU [196]. Two 
other EU-level initiatives would complement this proposal: 
the Green Claims Initiative [165] and the Sustainable Products 
Initiative [198]. In addition, the EU Product Environmental 
Footprint (PEF) initiative [166] should be mentioned, which 
aims to ensure comparable life cycle assessment and data 
bases for all.

Need 5.4: Methods for the assessment of the conformity 
of economic sustainability
There is a need for a standard on economic sustainability. 
While there are methods similar to environmental LCA, 
namely life cycle costing (LCC) or material flow cost analysis 
(MFCA), both of which capture the total costs of a process 
or product across set system boundaries and allocate them 
proportionately to individual products and material losses, 
a corresponding standard is lacking. Allocation procedures 
must be used here as well. MFCA is somewhat more detailed 
than LCC, but both methods are fundamentally different 
from traditional cost accounting. Their greatest benefit is that 
they make it possible to identify optimization potential in the 
production process (i.e. also in recycling processes). One type 
of MFCA is presented in the VDI Guide to Resource Efficiency-
Cumulative Raw Material Input (KRA, VDI) [207].

In addition, the issue of supply criticality (cf. Evaluation of 
raw material demand – VDI 4800 Blatt 2 [207]) is relevant in 
the application of R-strategies for plastics, since the petro-
leum-based plastics that still dominate today have a higher 
supply criticality than bio-based or recycled plastics. In 
addition, some of the additives in plastics are characterized 
by high demand. Here, too, the use of recyclates, for example, 
can reduce supply criticality. Recycled materials made from 
plastics should therefore receive an additional positive rating 
in sustainability assessments, since no (or few) new raw ma-
terials are required when they are recycled.

Thus, future economic sustainability criteria to be defined in 
standardization processes could reflect the true cost of sus-
tainability in materials, e.g., in bonus-malus systems. Here, 
classic methods of continual improvement (e.g., raw material 
reduction, reduction of material losses, reduction of energy 
consumption (energy efficiency), use of “renewable” energy 
sources) can be just as effective as effective idea manage-
ment, the establishment of a sustainable supply chain, and a 
sustainability strategy that could, for example, be anchored 
in the company’s quality policy. In addition, indirect environ-
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consume them. Knowing the end-of-life quality of the plastic 
and the end-of-waste classification is fundamental informa-
tion for any downstream recycling that may be considered. 
In particular, the focus is also on the legal conformity of the 
substances contained in the material, if, for example, currently 
banned plasticizers (e.g. diethylhexyl phthalate (DEHP)) or 
heavy metals (e.g. chromium VI) would re-enter the material 
cycle in the case of recycling very durable products, for exam-
ple. Toleranced limits and exclusion criteria must be defined 
for this purpose.

Need 5.8: Assessment of the reusability of plastics
The objective of this need is to identify potential applica-
tions for sorted and reprocessed recyclates. On the basis of 
test methods, some of which have yet to be developed and 
standardized, and for which the requirements are described 
in more detail in the section on quality, materials are to 
be qualified so that their reusability can be assessed. The 
assessment of reusability must be broken down according 
to application areas such as packaging, automotive, etc., 
and must take legislative provisions into account. EN 15347 
[190] covers the characterization of plastic waste, but does 
not address the characterization of recyclates; this is done 
for some materials in other parts of the EN 1534X series [187], 
[189], [190].

A superordinate standard for determining reusability should 
serve to provide potential manufacturing companies and cus-
tomers with guidance on reusability for specific areas of ap-
plication on the basis of the characteristic values determined 
and the data sheets produced, and thus to return recyclates 
to the cycle in a more targeted manner.

Need 5.9: Standardized information on additives  
for the recycling of plastics
Polymers are only used as pure substances in exceptional 
cases. Additives, as the name suggests, are added to the 
polymers. They have different functions and can, for example, 
help to make a recyclate reusable and reprocessable. Addi-
tives also have an influence on recyclability, especially if they 
are substances that are no longer permitted under substance 
law. For brevity, only a few important additive classes are 
described here. They range from fillers such as talc, carbon 
black or chalk, to colourants and processing aids to influence 
flow behaviour or demoulding, stabilizers to adjust ageing 
resistance, and reinforcing agents and crosslinkers to change 
the mechanical properties. Residual amounts of monomers, 
catalyst residues or other synthesis or degradation products 
from polymer production and processing may also be present 

sea; but also temperature and humidity) be more focused in 
the assessment so that the standards also reflect reality. Fur-
thermore, operating parameters for the composting plants 
could be recommended and standardized to actually achieve 
degradation.

Recycle

Polymer recycling is the state of the art. Mechanical plastics 
recycling refers to methods in which the polymer structure 
is not or hardly changed and the plastics are retained as a 
material. Physical plastics recycling refers to methods in 
which plastic grades suitable for this purpose are recovered in 
a solvent-based process. In the process, the polymer struc-
ture is retained. Chemical and biological plastics recycling 
are methods by which polymeric waste changes its structure 
in order to be converted into substances (mainly monomers) 
that can be reused as raw materials (polymers) for the manu-
facture of products.

RECYCLABILITY

Need 5.7: Qualification of plastics for reuse after present 
end-of-life
In terms of waste management, waste is any material or 
object that its owner discards, wants to discard, or must dis-
card. A distinction is made between waste for recycling and 
waste for disposal. Waste for recycling includes recyclables 
such as wood, paper, cardboard and metals that can be easily 
recycled. With regard to plastic products at the end of their 
service life, conventional waste management today is not 
differentiated enough to be able to feed all plastics produced 
into suitable recycling streams.

A usable plastic not only contains the polymer, but also 
qualifies for an application via aggregates, additives, reinforc-
ing materials, stabilizers and much more. This results in an 
infinite number of formulation possibilities, making precise 
identification in recycling difficult. Although DIN EN ISO 1043 
[191] offers some guidance, it is too complex to be applied in 
a practical way in sorting operations.

This is further complicated by substances that diffuse into 
the material during product application. These can affect 
the technical properties of the plastic and its recyclability. 
Environmental effects such as contact with sunlight, oxygen 
and water can chemically alter the polymers or even the 
additives through photolysis, oxidation or hydrolysis, or 
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SORTING

Need 5.10: Uniform design of data sheets for the 
description of sorted materials
Especially in the case of plastics, the respective recycling 
plant must be specialized for the type of plastic and the 
respective application. For example, recycling film made of 
polyethylene is a different process than recycling hollow bod-
ies which are also made of polyethylene. If the recyclables 
have a composition that is as constant as possible (sorting), a 
process can be optimally developed for this stream of recycla-
bles. If a recyclable material is already collected separately, 
such as deposit bottles or logistics film, this first large-scale 
sorting step is not necessary, and a meaningful data sheet 
on the quality of the material should also be available. The 
data sequence and data depth in the specification of recy-
clable material qualities and, if necessary, the measurement 
methods (based on DIN EN 15347 [190], DIN SPEC 91446 [49]) 
should be developed in a standard.

Need 5.11: Harmonization of take-back and collection 
systems for commercial sectors and products
In the case of voluntary take-back and collection systems 
from the commercial sector, such as for building products, 
harmonization is desirable in order to increase the amount of 
material collected and also to minimize the logistical effort. 
Standardization of sorting grades and separation instructions 
in the commercial sector at the product level will encourage 
the rise of closed-loop products and material suitable for use 
within the same industry. This can be supported by standard-
ization of design 4 sorting and recycling on an industry-spe-
cific basis, if necessary. If harmonization succeeds here, more 
uniform waste management structures can be created for the 
respective product categories, e.g. for waste electrical and 
electronic equipment (WEEE) [135], the automotive or the 
construction industry.

Need 5.12: Technical guideline for the definition of open 
and closed loop systems
To date, there is no uniform definition of open-loop and 
closed-loop systems for products or materials, and thus 
no uniform use of the terms. This also prevents a uniform 
understanding of whether the material can be returned to the 
same cycle. Another need for research and standardization 
activities is to develop a guide on what is considered open 
and closed loop, as these terms are interpreted very differ-
ently in practice. This also prevents a uniform understanding 
of whether the material can be meaningfully returned to the 

in plastic materials, but are not intentionally added func-
tional additives. The plastic can be adapted and optimized 
to the application by selecting suitable additives. Therefore, 
when considering their recyclability, plastics should not only 
be considered as a mixture of polymer and other ingredients 
at the end-of-life scenario, but already at the design stage 
of the application as well as the synthesis of the polymer or 
the compounding and shaping of the plastic. Furthermore, it 
should also be considered that further additives are purpose-
fully added to the plastic in the respective recycling process 
in order to improve its quality, stability and long-term service-
ability for renewed use. These can be, for example, crosslink-
ers, stabilizers, fillers or other substances and materials.

The selection and combination of additives in the plastic can 
be decisive for subsequent recycling, e.g. in terms of whether 
mechanical or feedstock recycling is possible or whether 
energy recovery is the only economically viable option, e.g. 
in order to eliminate toxic substances that are no longer 
marketable. The accessibility of information on the additives 
contained in a plastic alone plays a key role in assessing its re-
cyclability. The previously mentioned DIN EN ISO 1043 [191], 
describes in Parts 2 to 4 the abbreviations to be used for fill-
ers/reinforcements, plasticizers and flame retardants, but for 
the multitude of other functional additives or additive com-
binations there is a lack of standardized information. There is 
a considerable need for standardization here. Furthermore, 
the integration of additives used in the manufacturing chain 
should be standardized in the digital product passport so that 
additives are identified transparently and, if possible, with 
recyclability and recycling recommendation at the end of the 
product life. 

When implementing this Standardization Roadmap, it is 
strongly advised not to disproportionately restrict recycling 
by specifying quantitative, concrete material-specific charac-
teristic values. For the determination of detailed limit values 
of a product, sufficient proven methods are available in the 
customer-supplier relationship, e.g. via delivery specifica-
tions and certificates of analysis, which sufficiently describe 
the properties and quality of a product. On the other hand, 
standardization can be a valuable aid, e.g. in determining 
the depth of information, especially for small and regional 
operators of recycling plants, see for example the approach of 
DIN SPEC 91446:2021-12 [49].
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Need 5.14: Uniform documentation requirement  
for the traceability of plastics 
In order to ensure the traceability of recycled plastics, all 
participants in the value-added cycle from collection of the 
recyclable material through sorting and processing to the 
person placing it on the market should be included in the 
documentation. This information is then used for quality 
assessment and designation of the recyclate content, among 
other things. The respective information to be documented 
(incl. definitions of terms for uniform interpretation), their 
data depth and measurement methods are to be standard-
ized. These can be defined depending on the process step 
(e.g. origin in the case of collection, quality properties or 
contaminant assessment in the case of treatment methods). 
Additionally, data may be requested that is necessary for 
the digital product passport, a sustainability rating, or other 
compliance. A starting point here can be DIN EN 15343 [187].

The traceability of the batch designation or allocation meth-
odology must be defined as the allocation between docu-
mentation and material. If the batch designation and size 
is changed or divided in the course of processing, this must 
be recorded in the documentation in a traceable manner 
without gaps. The location for storage and the storage period 
of this digital documentation must be defined, and particular 
attention must be paid to reconciling the requirements for a 
digital product passport and the additional requirements for 
traceability.

Need 5.15: Uniform calculation rules for determining the 
output rate in recycling processes
Depending on the quality of the recyclable material processed 
and the process structure selected, a specific output is ex-
pected for each recycling infrastructure for its target product. 
However, side streams can in turn end up in recycling plants 
specialized for this purpose and complement the overall re-
cycling from the point of view of the recyclable material. For 
example, in a recycling plant for beverage bottles, the focus 
is on the PET, while the sleeve and caps go to specialized 
plants for each. It is therefore necessary to take into account 
the cascade of the various processes and their specific yields 
in the calculation when determining an overall recovery rate. 
Discharged contaminants, if they are not further recycled, 
and portions used for energy purposes should not be added 
to a recovery quota. In addition, the removal or fate of con-
taminants from the respective recycling processes must also 
be considered in the life cycle assessment methods.

same cycle. Therefore, it is necessary to define the terms and 
establish a measurement procedure.

DIGITAL PRODUCT PASSPORT, TRACEABILITY

Need 5.13: Addition of recycling-oriented information in 
the digital product passport for plastics
A product passport can help to increase the recycling 
effectiveness of plastics, e.g. to show the presence of certain 
substances that have an influence on the suitability for cer-
tain applications (see Need 1.8). Likewise, it can increase the 
acceptance of recycled materials in product development. 
The material passport should clearly state the necessary 
information on proportions of all relevant components, but 
should be limited to the necessary information. A level of 
information must be found that ensures the benefits to the 
recycling industry, but protects the business base of the 
manufacturing companies. One possibility is a division into 
“required data” (mandatory to be provided) and additional 
“optional data”, which can improve the communication of 
the economic actors in the long term. The following informa-
tion is relevant for the sorting, preparation and processing of 
recyclables:
→	 Type of plastic and application (e.g. processing extrusion/

injection moulding, or suitability food/non-food)
→	 Intentionally added additives and fillers 
→	 Substances likely to be present due to migration 

from adjacent materials during use, e.g., packaging of 
dangerous goods

→	 Contained substances through use of recyclate in 
product/packaging manufacture (multi-cycle)

Sorting requires access to the data at maximum speed. For 
this purpose, the data interface, data formats (sequence, 
semantics, units), update cycles, etc. must be standardized. 
Access for all participants in the value chain (data interface 
and ensuring interoperability of databases) or the access 
structure (read/write), data linkage (e.g. batch to end product) 
and data security must also be defined. Here, industry 
standards and existing guidelines can be a starting point.

Special attention must also be paid to very durable products 
made of plastics, because legal requirements change peri-
odically within the EU as laws, specifications, standards, etc. 
are revised. As a result, these plastics may then no longer be 
recyclable or the recyclate obtained in the recycling process 
may no longer be used in new products.
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ing criteria shall be defined: allowed dilution rate, binding in 
time, binding in place and allocation to different unavoidable 
material streams (products).

MECHANICAL RECYCLING

Need 5.17: Delimitation of recycling technologies/
methods for plastics and uniform life cycle assessment
Mechanical recycling encompasses a variety of methods and 
technologies, and some processing steps have been techno-
logically combined in the past, thus also crossing the bound-
aries with other recycling methods. In principle, it would be 
important to clearly delineate the individual methods from 
one another in advance. This requires a clear nomenclature, 
especially in the direction of chemical and physical recycling 
and towards a uniform assessment.

In order to qualify mechanical recycling and to be able to 
define its state of development, it would be desirable to 
list the technologies and methods in a status report, for 
example in the form of a “technical report”. For this purpose, 
process steps of mechanical recycling (such as comminution, 
density separation, infrared/near-infrared (IR/NIR) sorting, 
compounding, volatile organic compounds (VOC) extraction, 
and many more) should be broken down and corresponding 
technologies described.

In addition, the limitations, advantages and disadvantages 
of the technologies for collection and sorting in preparation 
for mechanical recycling should be described. The important 
area of sorting and separation technologies should be 
explicitly described and evaluated, and the status quo should 
also be highlighted here. It would be useful if whole process-
ing steps such as washing, melt filtration or sorting of plastic 
waste are described with their possibilities and weaknesses. 
This need is directed at standardization and research, but 
also at the processing industry.

Need 5.18: Systematization of markers and process 
requirements for destruction in the second recycling 
process and quantification of the environmental impacts
Incorporating markers into polymers not only helps protect 
against plagiarism, but also shows great potential in sepa-
rating and sorting in the subsequent recycling stream. The 
marked plastic parts are sorted out of the heterogeneous 
waste stream with a high separation quality and can thus be 
further processed according to type. Marker combinations 
could be used to store important information on composition 
and origin, right through to digital product passports.

If methods are used in which the material is mixed with other 
material flows and it is not recognizable on the product from 
which source the material originates (e.g. envisaged in chem-
ical processing), the calculation method for the output rate 
must be specified. If the dilution of the recycled raw material, 
e.g. with virgin material, has an influence on the processabil-
ity of the material (e.g., to be expected with strong dilutions) 
and on the output rate of the process, this must be taken into 
account in the calculation method.

If intermediate products are produced (monomers, oils, 
gases, solids), the yield should be determined on the basis of 
the resulting quantity of plastic from the subsequent process 
steps. If the substances are not used for the production of the 
original plastic application (e.g., solids or gases unsuitable for 
plastic production), they should be excluded from the calcu-
lation in the sense of the plastics Circular Economy.

Need 5.16: Rules for the calculation of the recyclate 
content
If only recyclables are processed in a recycling plant and no 
other materials are added in the manufacture of the product, 
the recyclate content for the recycled raw material produced 
is 100 %. If auxiliary materials are required for processing 
(water, washing substances, solvents, catalysts, etc.), it must 
be ensured that these are completely removed or are not 
included in the collection of the recycling raw material. If 
dilution of the recycled raw material is required for technical 
or other reasons, the mass fraction of the recyclate used 
currently determines the recyclate content. A starting point 
here can be DIN SPEC 91446 [49].

At present, however, standards (e.g. DIN EN 15343 [187]) only 
take into account recycling processes with segregated value 
chains, or value chains in which the exact composition of the 
products is known at all times. Not all new recycling technol-
ogies can meet these requirements for calculating recyclate 
content. Therefore, there is a need to revise and expand the 
calculation methods of recycled content in standards that 
take into account the different technologies (mechanical, 
physical, chemical, biological). For this purpose, a universal 
formula for the calculation of recyclate content, applicable to 
all recycling technologies, should be developed and specific 
rules for the different models of traceability in the supply 
chain should be added.

When designing such calculation methods deviating from the 
physical basis (free allocation), e.g., as a transitional solution 
for the set-up phase of a chemical recycling plant, the follow-
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Problematic mixtures should be researched and a system 
should be developed to determine which combinations are 
mutually exclusive and which combinations, based on the 
application, may be permissible. There is not only a need for 
research here, but also for standardization.

Need 5.21: Determination of input streams with regard to 
foreign polymers and fillers and reinforcing materials
The topic of the influence of foreign polymers and fibres con-
tained in recycled materials is in the early stages of research 
and commercialization and has so far only insufficiently 
reached standardization (see DIN CEN/TS 17627 “Determina-
tion of solid contaminants content ” [187]). Intensive basic 
research is currently underway to be able to assess the need 
for standards. Topics such as the process definition for the 
comminution of multi-material systems and their separation 
down to the pure primary material, or the determination of 
the length of reinforcing fibres and material properties con-
tained in the recyclate using, for example, optical methods 
could be considered.

Due to the application- and property-related increased use 
of plastic composites with or without fibre reinforcement 
without considering basic principles of design 4 recycling in 
the product development phase, this topic is becoming more 
and more important. This is due to successes in recycling less 
complex materials, increasing pressure from politicians, but 
also the market environment (rising demand for recyclates) 
and, last but not least, growing awareness of the problem in 
industry and society.

A fundamental issue for standardization in this context is the 
definition of target component-specific methods in order 
to take the widely differing materials and products into 
account on a more individual basis. In addition to the most 
fibre-friendly treatment possible in the individual process 
steps, it is also necessary to determine and track the short-
ening of the fibre lengths in the polymer during mechanical 
recycling in order to specifically document the property 
changes based on this information.

Need 5.22: Mechanical recycling in preparation for further 
depolymerization or dissolution of the target fraction
Before polymers can be fed into a depolymerization process, 
interfering materials such as metals, polyolefins, PVC, poly-
mers with brominated flame retardants, paper, etc. must be 
separated from the polymer to be depolymerized. The output 
quality is to be defined analogously to DIN SPEC 91446 [49], 
taking into account the standardization of the data sheets 

Currently used markers are designed for longevity; they 
remain in the material beyond the recycling process. This 
concept can certainly offer advantages, since the history of 
the material remains rudimentarily stored. However, a mark-
er that has not been previously separated from a recycling 
stream could cause problems in further processing or in the 
next upcoming separation step. Standardization (in conjunc-
tion with research) could be an important tool for wanting to 
have markers that are completely removable following sorting 
during the recycling process, and without negatively affecting 
further application. Furthermore, it must be considered which 
environmental influences markers have during mechanical 
recycling, such as contamination of the wash water.

Of course, in this case a minimum of information about the 
marker is needed, as well as a systematization of the different 
marker types; also an application-specific declaration would 
help a lot here.

Need 5.19: Requirements for a paint system in terms 
of design 4 recycling and sustainable paint stripping 
processes
Paints and varnishes not only increase the value of an appli-
cation, but also the effort to recycle and also deteriorate the 
quality of the recyclate. Therefore, knowledge of the coating 
system (pretreatment/carrier/coating) is of immense impor-
tance for all recycling processes. There is a great need for 
research in simple and cost-effective paint stripping without 
disruptive degradation products.

In principle, however, it would make more sense to, as early 
as the design 4 recycling stage, use a coating system that 
can be easily removed again or that has little or no influence 
on the process and on the quality of the recycled product. 
For this purpose, colour and carrier systems should be re-
searched and defined. The paint stripping processes suitable 
for these systems should be developed and standardized 
already during the development of the systems.

Need 5.20: Systematics of combinations of organic and 
inorganic pigments in plastics for optimal recycling
Unlike paint systems, colourants are specifically designed for 
individual polymers or polymer groups. These appear to have 
little impact on the mechanical recycling process. However, 
there are combinations of organic and inorganic pigments 
that stand in the way of a high quality recyclate. Exceeding 
legal limits (such as for heavy metals) in a new application is 
also a risk. Therefore, knowledge of the type of pigment and 
its concentration is also extremely important here.
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Need 5.23: Upstream processes – Quality-related 
standardization of input streams
As with mechanical recycling, a classification and quality 
description of plastic waste is also useful for chemical and 
physical recycling and should be standardized at national, 
European and international level. Analogous to mechanical 
recycling, quality requirements must also be met for physical 
and chemical recycling so that the processes are not nega-
tively affected. For example, chemical recycling processes 
such as pyrolysis and gasification are affected by halogens 
such as chlorine or fluorine, which are, for example, chemical 
building blocks of the polymers PVC or polytetrafluoroeth-
ylene (PTFE). In physical recycling, the target polymer must 
be present in the input material in as high a concentration as 
possible for economical operation. The sorting and purifi-
cation/preconditioning of recyclable plastic waste plays an 
important role here, as does the detection of interfering ma-
terials (classification, online monitoring of waste). This makes 
it possible to optimize subsequent recycling. The challenge is 
to map the diverse input stream requirements of the various 
recycling methods. The definition of input stream quality 
should be broken down for all recycling processes. There is 
still potential for standardization support here.

and criteria, in order to establish comparability of the input 
stream for the chemical recycling to be defined. There is a 
need for further research in this area, as depolymerization 
has not been economically viable to date. Furthermore, the 
quantity of the “pure” material stream as input is too low. 
In the future, better pre-sorting is necessary, and quality 
requirements for the depolymerization process have to be 
defined.

CHEMICAL AND PHYSICAL RECYCLING

The standardization needs can be separated, as shown in 
Figure 27, according to a process logic following the material 
flow. First, standardization needs are formulated that relate 
to plastic waste as a feedstock for the recycling methods, i.e., 
to processes upstream of the recycling methods. This is fol-
lowed by needs for the chemical and physical conversion and 
recycling processes themselves, as well as standardization 
needs for products of the recycling methods and their further 
processing, i.e., processes downstream of the recycling 
method. Figure 27 illustrates the differentiation of recycling 
methods.

Mechanical recycling

Physical recycling (solvents)

Depolymerisation

Pyrolysis

Gasification

Chemical recycling
Reuse

Energy demand, process engineering effort, molecular change

Materials recycling

Refining CrackingFossil raw 
materials

Polymeri-
sation

Plastics 
production

Plastics 
processing Usage phase

Plastic waste 
(EoL)

Figure 27: Overview of standardization needs in chemical and physical recycling (Source: DIN)

122 – Standardization Roadmap Circular Economy

CHAPTER 2 – KEY TOPICS



recycling companies would know exactly which qualities they 
have to produce in order to find buyers. The classification 
into quality classes would make products of different recy-
cling companies comparable and tradable, so that markets 
for the different quality classes can develop. Therefore, 
quality classes should be established for the products of each 
chemical and physical recycling method, and minimum val-
ues for target substances and maximum values for interfering 
or contaminating substances should be established for each 
class. Standardization can provide support here by defining 
different quality classes for the different products of chemical 
or physical recycling.

For a future recycling of recyclates in cosmetic, medical 
and food applications, quality classes that allow the use 
of recyclates from physical (and mechanical) recycling are 
lacking so far. As the current legislation represents an almost 
insurmountable hurdle here, an adjustment of the legislation 
is necessary (e.g., allowing the “free-riding” of materials in-
stead of a complete traceability of the origin of the material). 
Corresponding standards must then be defined downstream. 
This is the only way to integrate materials from physical (and 
mechanical) recycling processes into a Circular Economy in 
the application areas of cosmetics, medicine and food.

In the characterization of recyclates from physical (and 
mechanical) recycling, we see a need for research and also 
standardization, especially in the differentiation of various PE 
types (e.g., linear low-density polyethylene (LLDPE)) in the 
recyclate (based on DIN EN ISO 11357-3 [192]; DIN EN 15344 
[189]). Knowledge of the composition of recyclates is essen-
tial for replacing virgin materials with recyclates.

QUALITY

Need 5.26: Test standard for the determination of NIAS 
(non-intentionally added substances) in recyclates
In the field of recyclates, there is currently a lack of stand-
ards governing the testing of NIAS as interfering substances. 
Therefore, the analysis methods and results of different test-
ing laboratories sometimes differ greatly. At this point, both 
the analysis methods (analysis-specific sample preparation 
and processing and instrumental requirements for the equip-
ment) and the substances to be analysed and their identifi-
cation, including limit values, must be regulated via pollutant 
lists, which can be material-specific and/or application-specif-
ic. In addition to the need for standardization, there is also a 
need for research in this area.

Need 5.24: Conversion and recycling processes –  
Description of chemical and physical conversion and 
recycling processes (Technical reports to illustrate 
the state of the art)
Despite existing scientific papers and increasing patent 
applications, there is currently a lack of technical reports that 
disclose the state of the art in the new recycling technologies 
and accelerate large-scale implementation of the technolo-
gies in conjunction with waste management. The presenta-
tion of the emerging technologies in the field of chemical and 
physical recycling as well as clear definitions of the various 
methods are prerequisites for establishing a general technical 
understanding and form the basis for further standardization 
projects. For example, a description of the state of the art 
of the different methods, and input and output streams 
is a prerequisite to define quality requirements for plastic 
waste. The development of general definitions, methods 
and calculation bases for chemical and physical recycling is 
fundamental work that has not yet been done. This gap has 
already been identified and a revision of ISO 15270:2008 [200] 
is being planned at the international level to address this 
need. The standard is to be converted/extended into a series 
of standards in the process. This series of standards, which 
will describe mechanical, chemical, physical, and organic 
recycling, will help generate a common understanding of 
existing and emerging recycling technologies and establish 
innovative technologies in waste recovery systems interna-
tionally. National preparatory work should, if possible, be 
included at the international level.

Need 5.25: Downstream processes – Quality-related 
standardization of chemical products from physical and 
chemical recycling
The Circular Economy of plastics can be strengthened by 
defining classes or categories into which products from 
chemical or physical recycling are classified according to 
their quality. In chemical or physical recycling, plastic waste 
is converted into products or intermediate products that 
are the raw material for processes to produce new chemical 
products, including plastics. So far, no quality classes have 
been defined into which the (intermediate) products could be 
classified according to the purity of the target substance and/
or the proportion of interfering or contaminating substances. 
Such quality classes can act as transparent, generally accept-
ed and thus binding interfaces between the recycling and 
processing industries. This would offer downstream process-
ing companies the opportunity to see at a glance whether 
an (intermediate) product from recycling is suitable as a raw 
material in their production processes. At the same time, 
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include information on additives and contaminants remain-
ing in the material.

Need 5.30: Standardization of testing standards for  
bulk density
Different procedures are used for determining bulk den-
sities, e.g. in the EN 1534X series [187], [189], [190] and 
DIN EN ISO 60 [210]. It is recommended that these be harmo-
nized.

Need 5.31: Test standard for determining odour
The odour of a recyclate is a critical issue for almost all appli-
cations. Therefore, standardization for uniform evaluation of 
odour for recyclates is recommended. It is conceivable that 
this could be based on VDA Standard 270 [211] for automotive 
interiors.

Need 5.32: Test standard for determining volatile organic 
compounds (VOC)
In order to minimize risks from emissions from components, 
these are often determined for different applications, e.g. in 
automobiles or for interior measurements in the construction 
sector, and checked against lists of hazardous substances. 
In order to be able to detect these substances as early as 
possible in the process, a uniform test standard for VOCs from 
recyclates should be developed, whereby it is possible to 
follow common standards in order to minimize the effort in-
volved. In this context, limit values of toxicologically relevant 
individual substances and/or groups (aromatics, terpenes, 
nitrosamines, etc.) should also be defined.

For the analyses and limit values, it is imperative that the tar-
get application be taken into account, as this can lead to very 
different relevancies for contaminants. For food contact use, 
this will be considered in the future in the revised Regulation 
282/2008 [197].

Need 5.33: Promotion of research on the correlation of 
recyclate and product properties and screening methods
Since the recycling market is both time- and cost-driven in 
terms of testing, funding for research on correlation methods 
of test results of recyclates and products from recyclates is 
recommended, as is funding for research on screening meth-
ods Both can provide foundations for upcoming standards 
that expand the use of recyclates.

Need 5.27: Strategies for sampling, homogenization, and 
retained samples for all recycling methods and process 
steps, and for evaluating batch variations
For meaningful material qualities, sampling and homog-
enization play a decisive role. CEN/TS 16010 [185] and 
CEN/TS 16011 [186] and some other standards already pro-
vide procedures for this. In practice, however, these technical 
guidelines are often little used because the sampling effort 
is too high from an economic point of view. Therefore, it is 
recommended that they be revised with cost-effectiveness in 
mind. In addition, procedures of different standards should 
be standardized, e.g., the inclusion of the simplified proce-
dure of DIN SPEC 91466 [49] in CEN/TS 16010 [185], and a sys-
tem for retained samples, including their retention periods, 
should be implemented. The type of sample packaging and 
storage should also be taken into account, as this is crucial for 
the analysis of volatile components in particular. Standardi-
zation could be supported at this point by research projects in 
order to obtain comparable statements with fewer samples or 
characteristic values.

To increase the comparability of materials/substances and 
the significance of test results, the definition of batches as 
well as batch variations is an important step that should 
therefore be considered in upcoming research and standardi-
zation projects.

Need 5.28: Analysis of persistent contaminants and their 
accumulation in recycled materials
Within the framework of research and subsequent standard-
ization activities, analytical methods for the uniform detec-
tion of persistent contaminants and their accumulation in 
plastic recyclates should be developed in the future. For the 
classification of recyclates, the input stream as well as the 
subsequent application of the materials should be taken into 
account. A listing of contaminants (specified by polymer type, 
input stream, etc.) can help to standardize analytical screen-
ing procedures (see also Need 4.28 in Chapter 2.4).

Need 5.29: Standardization of the indication of quality 
specifications for recyclates (data sheets)
The EN 1534X series [187], [189], [190] and DIN SPEC 91446 
[49] recommend an initial approach for the use of uniform 
data sheets and the specification of material properties. For 
better comparability of materials, the EN 1534X series [187], 
[189], [190] should be extended to other types of plastics that 
are technically recyclable and used in sufficient tonnages, 
such as engineering plastics like polyamides (PA), polybuty-
lene terephthalate (PBT) or polycarbonates (PC). This should 
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levels of dust than virgin materials, for example. If research 
activities show the need for a distinction, appropriate limits 
should be regulated by standards and laws.

Need 5.38: Development of a test method for evaluating 
the degree of degradation and guideline for the addition 
of additives
Multiple processing of materials leads to degradation of the 
polymer chains and also to degradation of additives, e.g. 
process stabilizers. This greatly depends on the process pa-
rameters. Through research and the standards or guidelines 
based on it, test methods should be developed that evaluate 
the material in terms of its condition and possible degrada-
tion products that could be contaminants. This standard or 
guideline should assist in assessing the extent to which virgin 
material or new additives should be added to restore the ma-
terial to its target properties or to determine that the material 
is no longer suitable for these uses, e.g., due to contaminants 
or crosslinking.

Need 3.34: Promotion of research on the introduction of 
contaminants into recyclates
Research activities should be promoted for the analysis of 
contaminant input into recyclates, both during the previous 
life cycle and during the recycling process itself, as this knowl-
edge can lead to standardized testing. Different recycling pro-
cesses (mechanical, chemical, physical, bioenzymatic) should 
be considered. In addition, the waste stream from which the 
input material originates must be taken into account in this 
context. For the evaluation of the relevance of the possible 
contaminants, the target industry should also be taken into 
account.

Need 5.35: Design FROM recycling guideline
A further need for research and standardization lies in the de-
velopment of a guideline or recommended action for design, 
construction and processing of products in all sectors that are 
to be manufactured from recyclates or with the highest pos-
sible recyclate content from the outset. The guideline should 
serve as a recommendation as to how possible material 
variations can already be well compensated for by a suitable 
design or process parameters. This need is distinguished from 
the widespread design 4 recycling or circularity in that it is 
not a matter of designing a product to be recyclable, but of 
designing a product so that it can be manufactured from re-
cyclates in a simple, process- and application-stable manner, 
as well as economically.

Need 5.36: Technical guide to the classification of 
defect groups and types of product/processing defects 
specifically for recyclates
There is a need for the development of a technical guide for 
the classification of defect groups and defect types for the 
processing and application of recyclates and products made 
from recyclates, since apart from immediately apparent 
surface defects, polymers are also damaged without obvious 
defects and thus may no longer fulfil the promised quality 
and function in the application. The guide should also include 
typical analytical procedures to detect the defects. The struc-
ture could be analogous to VDI 3822 on damage analysis on 
plastics [205].

Need 5.37: Occupational safety regulation for the 
processing of recyclates
Research projects should investigate the extent to which sep-
arate occupational safety regulations are necessary for the 
processing of recycled materials. This should also take into 
account the fact that post-consumer recyclates may contain 
unknown contaminants, and regrinds may contain higher 
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2.6
Textiles



themselves in principle to clothing and home textiles (exclud-
ing mattresses and carpets) when developing standardization 
needs. The clothing sector also includes medical clothing and 
workwear, including clothing for personal protective equip-
ment. Other products made of textile materials, such as fibre 
composites, construction textiles and geotextiles, are classi-
fied differently in terms of use and type and duration of use. 
It is therefore suggested that these product groups are also 
to be taken into account in any further development of the 
Standardization Roadmap Circular Economy. 

The EU Chemicals Regulation (Regulation (EC) No. 1907/2006, 
REACH Regulation) [73] plays a major role in particular for the 
production or import of textiles. During the manufacturing 
process and further processing (dyeing, finishing, etc.) more 
than 7000 chemicals are used [222], which remain in the 
textile. The German Product Safety Act (ProdSG, 2021) [220] 
with regulations on safety requirements for technical work 
equipment and consumer products must also be taken into 
account. In addition, for safety-related products such as per-
sonal protective equipment, there is the European PPE Reg-
ulation (EU 2016/425) [232] and for medical devices, there is 
the European Medical Devices Regulation (MDR, EU 2017/745) 
[269]. For textile products, the EU Textile Labelling Regulation 
(Regulation EU No. 1007/2011) [238] must also be observed. 
This is implemented in Germany with the Textile Labelling Act 
of 2016 [236]. In contrast to other countries such as Austria, 
care labelling of textiles is not mandatory in Germany.

For the waste management of textile waste from households 
or other source areas such as production, cleaning compa-
nies, hotels, gastronomy, administration or trade, there is 
no special legal regulation so far. The Commercial Waste 
Ordinance (GewAbfV) [233] already provides for the separate 
collection of textiles from other sources. From 01.01.2025, 
due to the amendment of the German recycling act, the Kreis-
laufwirtschaftsgesetz (KrWG) in 2020 [176], textile waste from 
households must also be collected separately.

With the publication of the EU strategy for sustainable and 
circular textiles (EU Textile Strategy) [215] in March 2022, 
the EU Commission shares its vision for sustainable and 
recyclable textiles in 2030. According to this vision, only 
textile products that are durable, recyclable, largely made of 
recycled fibres, do not contain hazardous substances, and are 
produced in compliance with social rights and in the spirit of 
environmental protection will be placed on the EU market. In 
a competitive, resilient and innovative textile sector, man-
ufacturers take responsibility for their products along the 

 2.6.1 	 Status quo

European textile consumption is the fourth largest cause of 
environmental pollution and climate change after food pro-
duction, housing and mobility [212]. Against this backdrop, 
the EU›s Circular Economy Action Plan 2020 [4] placed a focus 
on the textile sector. A transformation of the linear business 
model into circular production, circular design and a shift 
towards durable products, reuse and recycling is necessary to 
minimize impacts on the environment and climate change.

Textiles are very diverse and often consist of different fibre 
blends and other, non-textile components; depending on 
their area of application, they have to fulfil different func-
tions. If we compare, for example, the health sector, the 
automotive sector or the construction sector, textiles have to 
meet completely different requirements in each case than in 
the clothing or home textiles sector.

Today, Germany produces (innovative) technical textiles in 
particular, as well as high-quality apparel textiles. According 
to the concept of the “Techtextil” trade fair, technical textiles 
are divided into the following areas: Agrotech, Buildtech, 
Clothtech, Geotech, Hometech, Indutech, Medtech, Mo-
biltech, Ecotech, Packtech, Protech and Sporttech. Technical 
textiles account for around 30 % of sales and, like clothing, 
are exported on a large scale [213].

European textile consumption is among the top three pres-
sures on water and land resources and among the top five 
pressures in terms of raw material use and greenhouse gas 
emissions. In the fashion industry in particular, consumption 
has more than doubled since 2000; wear time has halved 
on average [215]. The fast fashion industry produces new 
trends at ever shorter intervals. Buying fashion today no 
longer has anything to do with the need to have something 
to wear; rather, it is about expressing an attitude to life and 
the purchase is strongly influenced by the social environ-
ment as well as (social) media [216]. In a European country 
comparison, Germany ranks second in the consumption of 
new textiles [217]. Every year, around 1,5 million tonnes of 
clothing, footwear and home textiles come onto the market in 
Germany [218]. It is estimated that about 40 % of clothing is 
rarely to almost never worn [219]. More than 90 % of German 
consumption is imported; the main producing countries are 
China, Bangladesh and Turkey [221].

Against the background of production figures and consump-
tion in Germany and the EU, the experts decided to limit 
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→	 Introduction of a transparency obligation for the 
publication of destroyed and disposed textiles

→	 Goals for the reuse and recycling of textiles
→	 Development of end-of-waste criteria for textile waste
→	 Development of EU criteria that distinguish textile waste 

from certain used textile goods

In Germany, there is as yet no strategy for the sustainable use 
of textiles. However, with regard to the publication of the EU-
wide Textile Strategy [215] and Sustainable Products Initiative 
[223] in March 2022, the German government has indicated 
that it supports the initiatives and is working on the introduc-
tion of extended producer responsibility for textiles [198].

Evaluation of standards research
Across all seven key topics, 2101 standards were identified 
that can be assigned to the Circular Economy topic area. 
Figure 28 shows the distribution of standards for textiles 
among R-strategies as well as the carbon footprint, DPP, and 
general standards that feed into several of the above aspects. 
In total, 160 standards could be assigned to the R-strategies 
as presented in Figure 28. Standards already exist today that 
can be assigned to the R-strategies “recycle”, “rethink” and 
“reduce” – especially in the textile laundry care area. 

Textile materials are used in numerous, very different prod-
ucts (see Figure 29). It can be seen that standards already 
exist today for the product groups of home textiles and of tex-
tiles that take into account individual aspects of the Circular 
Economy. The standards search also includes standards on 

entire value chain – right through to disposal. Economically 
viable reuse and repair services are still available. The circular 
ecosystem has sufficient capacity for innovative fibre-to-fibre 
recycling, whereas incineration and landfilling of textiles 
are minimized. In total, there are nine key measures to bring 
about the transformation of the textile sector.

The Sustainable Product Initiative (SPI) [225] was also 
published at the same time, identifying key measures for 
circular and sustainable products, including textiles. The SPI 
proposes to replace the Ecodesign Directive (2009/125/EC) 
[21] with a regulation. Requirements are to be made product 
group-specific in delegated acts. The EU textile strategy [215] 
refers to the development of the Ecodesign Regulation and 
sees this as the starting point for anchoring requirements for 
textiles. The revision of the Ecodesign Directive thus impos-
es extended requirements on the manufacture of products, 
which also cover textiles in the EU textile strategy [215]. 
Altogether, it can be said that significant changes to the legal 
framework will be forthcoming in the next three years. These 
changes must be taken into account in the standardization 
work. Based on the publications, it can be assumed that 
the following EU provisions for textiles in particular will be 
(further) developed.
→	 Ecodesign requirements (longevity, repairability, 

recyclability)
→	 Minimum use of recycled fibres/recyclates
→	 Digital product passport (DPP) /digital label
→	 Environmental fee scale for extended producer 

responsibility for textiles
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assuring repeated use. In addition to the technical aspects, 
there are two other factors that influence the duration of 
product use: consumer behaviour and business models.

Circular business models support the life extension and 
product use of textiles. These models are already successfully 
established in the field of workwear or commercially used 
textiles. Textile service companies (cleaning, repair, etc.) see 
themselves as service providers and sell their service as a 
“product as a service”. The goal must be to establish these 
business models in the private sector as well. Furthermore, it 
must be a matter of course in the future to wear second-hand 
fashion. However, the successful development of these 
business models cannot compete with cheap fashion. That 
is why a fundamental rethink is needed in the consumption 
of clothing. Standardization (alone) cannot achieve this. 
Instead, political and legislative measures are needed, such 
as comprehensive consumer education and communication, 
as well as transparency, requirements to include environmen-
tal costs, and demands for compliance with social rights in 
developing countries.

Standards are often very technical and often not “readable” 
for end users. It is important to keep this in mind. It is im-
portant to inform private consumers comprehensively and 
understandably with regard to technical specifications, as 
well as about the interrelationships and interactions with and 

textile groups (e.g. geotextiles) that have been excluded from 
the current Standardization Roadmap.

Figure 29 shows the product groups with the most existing 
standards in the field of Circular Economy. It can be seen that 
there is no general distribution of R-strategies and systemat-
ics between the different product groups, and that there are 
hardly any standards today on the terms carbon footprint, 
“repurpose”, “remanufacture”, “refurbish” and “refuse”.

It is clearly evident that there is still no consistent product 
group-specific standardization on Circular Economy for 
textiles today. Many gaps are apparent in the standardization 
landscape for specific product groups. Due to the heteroge-
neity of the textile product groups, it must be examined to 
what extent the standards that have been identified generally 
for textiles can be applied specifically to the various product 
groups or must be adapted.

 2.6.2 	 Requirements and challenges

The effectiveness of Circular Economy standards depends 
on the policy framework.
The absolute reduction of resource consumption and, con-
sequently, the reduction of environmental impacts can be 
achieved in particular by extending the lifetime of textiles and 
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Refuse

The rejection of a product is sustainable if the rejection 
means that the product is not produced in the first place. 
However, this is an individual decision of the consumer and 
often an economic decision

Need 6.1: Prioritization of reusable products in product 
standards over single-use products 
In some areas of use (e.g. protective masks and gowns, surgi-
cal textiles, hand drying), reusable textiles are an alternative 
to single-use products on the market. Single-use products are 
often chosen for economic reasons, as they are cheaper to 
procure than reusable products, which, due to multiple use, 
are ultimately economically more favourable over the entire 
life of the product and make more sense in terms of sustaina-
bility. Reusable products should be preferred in the sense of 
the Circular Economy and single-use products should only be 
used if this is necessary for safety reasons (e.g. health impact, 
environmental impact). Product standards in such applica-
tion areas can help to promote existing and new business 
models for textile reusable products in use areas.

Need 6.2: “On demand” production
Completely demand-driven production leads to a reduction 
of the required product quantities and only to the production 
of textiles that are actually used. This avoids overproduction.

Reduce (by Design)

Reduce by design leads to the design of products and services 
that consume fewer materials per unit of production and/
or during their use. “Reduce by design” influences all phases 
of the life cycle of a product or service. About 80 % of the 
environmental impact of a product is determined already 
in the design phase [227]. The design defines functionality, 
material, construction and finishing. This influences longevity 
as well as separability and recyclability. Today, information 
is not readily available, but must be collected, linked, and 
evaluated from the various fields (see also Need 1.33). The 
activities of the EU Commission are to be taken into account 
here.

Need 6.3: Data basis on maintainability, separability and 
recyclability for material selection/use – material index 
Most textile products are made of a mix of materials. Basical-
ly, the more different types of fibres are combined, the lower 
the separability and recyclability of these textiles and the 

within the Circular Economy. Against this background, the 
labelling of textiles and the dissemination of information is of 
essential importance not only within the textile value chain.

It should also be mentioned at this point that the aforemen-
tioned EU packages of measures will to a large extent form 
the basis for standardization work in the area of the Circular 
Economy. However, as of today, there is still no concrete 
formulation of the legal requirements. Since the implementa-
tion of the future provisions of the Ecodesign Regulation [21] 
in particular will dictate the standardization work in detail, 
it is proposed against this background that the relevant re-
quirements should not be addressed until it is clear how the 
statutory minimum requirements are defined. Before further 
standardization projects are launched on the basis of the 
needs listed here, it is essential to check the status quo of on-
going projects, for example with the European working group 
CEN/TC 248/WG 39 “Circular Economy for textile products 
and the textile value chain” or with the international working 
group ISO/TC 38/WG 35 “Environmental Aspects” on the draft 
standard DIN EN ISO 5157 [226].

Today, only a small share of the market for textile products, 
especially clothing textiles, is manufactured in Germany and 
in Europe. Therefore, in addition to national standards, Euro
pean and international standards must be developed for tex-
tile products in order to establish the recyclability of textiles.

Not all textiles are created equal
During the discussion on the individual standardization 
needs, it became clear that the individual measures for circu-
larity can vary greatly depending on the product group and 
that this must be taken into account. In particular, this point 
was discussed on the issue of longevity of textiles versus recy-
clability; the different approaches became very clear in terms 
of the use of materials, the construction of textiles, but also 
in terms of handling during the use phase, for example in the 
area of today’s rapidly changing fashion trends, which may be 
in competition with a long-lasting design.

 2.6.3 	 Standardization needs

The identified standardization needs refer to one or more 
R-strategies and are listed below by R-strategy. Needs with 
multiple assignments were assigned to the most relevant 
R-strategy or general standardization needs and R-strategies 
with no need assignment were not listed. General needs 
include the topic of labelling as well as the DPP.
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tective purposes must meet different criteria than everyday 
clothing, which is generally only exposed to low levels of 
stress (see also Need 1.1).

The following points, among others, should be considered: 
Type of fibre, type of textile fabric (knitted fabric, woven fab-
ric, etc.) and weight per unit area, finishing of the textile, type 
of finishing (sewing, welding, etc.), ingredients and accesso-
ries (buttons, zippers, etc.), area of application (e.g. everyday, 
haute couture, home textiles, work clothing, PPE, footwear ...) 
and processing parameters (washing, cleaning, drying).

Need 6.6: Definition of longevity for product groups 
(longevity index)
Longevity as a sustainability criterion for textiles depends on 
numerous factors, e.g. production, area of application, ser-
vice life, durability, and many more, as well as the business 
models used. Textiles in rental and leasing systems today are 
already designed to last and withstand intensive care. Here, 
longevity is a decisive, sustainable as well as an economic 
criterion. Textiles in the classic B2C sector, on the other hand, 
are today often only used for a short time.

A longevity index could be used to evaluate products for their 
longevity and provide customer transparency for purchasing 
decisions and potentially regulatory requirements.

Need for research: Further insights in the area of influences 
on longevity through material selection (Which materials, 
fibres, threads, construction, sewing ingredients influence 
longevity?), chemicals (finishing) (how environmentally 
friendly are the chemicals used/how harmful are they?), 
business models, product attributes and services that con-
tribute to emotional longevity, and care (which care has a 
positive impact on the life cycle?) are needed. Furthermore, 
“emotional longevity” is an aspect that is hardly considered 
today. Methods for determining individual properties that 
are necessary for statements on longevity already exist (such 
as abrasion resistance of a textile DIN EN ISO 12947 [229], 
DIN EN ISO 9073-4 [230], tensile strength and tear resistance 
DIN EN ISO 13937 [231] and DIN EN ISO 13934-1 [234] and 
others). But so far, there are generally no pass/fail criteria 
that must be met for a product to be considered to have 
a long life. Also, so far, soiling and its effects are not taken 
into account. The various influences can complement each 
other positively or have a negative impact on each other. Due 
to insufficient data, a weighting of different parameters is 
lacking so far, so that an easily understandable index could 
be created to make purchasing decisions more transparent. 

care is negatively affected. A database on the separability and 
recyclability of fibre combinations of all kinds can be helpful 
here. A standard can, for example, specify which fibre com-
binations exhibit both high separability and recyclability and 
easy processing (washing, care, repair) according to the cur-
rent state of the art. Such a standard can also list new types of 
fibres that have certain properties as monomaterials – which 
today are usually only available in material combinations. 
In this context, the different recycling processes depending 
on the fibre combination can also be mentioned, so that 
responsible product designers can also take this aspect into 
account when making their design decision. If, for example, 
the product designer is aiming to produce a textile that is 
to be recycled in a closed loop, the standard can be used to 
provide an overview of which fibre combinations are suitable 
for this. An extension to the aspects of joining techniques as 
well as components and accessories is possible.

Need 6.4: Extension of chemical management to include 
closed-loop aspects – Chemical index
Chemicals used in the manufacture of textiles and products 
must comply with the Registration, Evaluation, Authoriza-
tion and Restriction of Chemicals (REACH) regulations [73] 
currently in force in the EU. Companies importing products 
to the European Economic Area are required to exclude 
substances listed in a Restricted Substances List (RSL) [228] 
drawn up for this purpose. Up to now, the assessment has 
mainly considered environmental compatibility, safety, 
health, etc., but has not looked at the recyclability for the 
finished product, including the chemicals. The current regu-
lations for chemicals need to be comprehensively expanded 
to include aspects of the Circular Economy (see also Note to 
Policy-makers: use of recyclates and compatibility with appli-
cation-related limits for harmful substances).

Note to policy-makers: So far, REACH does not cover the 
aspects of the Circular Economy. Chemicals used in a prod-
uct can accumulate in recycled products through repeated 
recycling processes and lead to environmental and health 
hazards, which must be avoided. The RSL for REACH should 
be expanded to include recyclers’ raw material requirements 
so that there are automatically no chemicals in circulation 
that could interfere with the recycling process.

Need 6.5: Clustering of product groups 
Before criteria and parameters can be established to define 
the topic of longevity, a meaningful clustering of textiles must 
take place Work clothing that is exposed to heavy mechanical 
stresses and considerable dirt and/or serves specific pro-
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Quality requirements can be investigated with test standards 
that specify the test methods; to date, there are no generally 
applicable minimum requirements for properties. Quality 
requirements assessed and compared against a set minimum 
value could help define the closed-loop quality of a textile 
product, set specific targets, and thus prevent low-quality 
textile products from entering the market.

Due to the diversity of products, the minimum requirements 
for the individual quality standards of the circular total 
quality index must be adapted for each product group and/or 
function of the product (see also Need 1.2).

Need 6.9: Evaluation criteria of longevity in relation to 
other sustainability criteria 
A product made from a durable synthetic fibre (e.g., petrole-
um-based) is not necessarily the more sustainable product 
(keyword resource crisis and microplastics due to abrasion). 
Longevity must always be set in relation to other sustaina-
bility criteria, such as recyclability, biodegradability, carbon 
footprint, and evaluated accordingly.

Need for research: Longevity can affect the separability and 
recyclability of textiles. To date, there have been no systemat-
ic studies in this area showing the relationships between lon-
gevity and recycling and the quality of the recycled material.

Reduce

In general, “reduce” is about reducing the (consumption) 
resources used to manufacture and supply the required 
semi-finished products and textile products. This includes 
raw materials (here: polymers, fibres, chemicals, ingredients, 
etc.) and energy (incl. water). Material and energy sources are 
either fossil, non-renewable or renewable resources. Mineral 
fibres or metallic raw materials are not explicitly considered 
in the following, nor are auxiliary and operating materials.

Material efficiency involves, among other things, the use of 
virgin materials, recyclates and appropriate blends, always 
while maintaining the required product functionality and 
quality. Energy efficiency is predominantly about optimizing 
manufacturing or production processes.

Raw materials are essentially fibres that are typically pro-
cessed into yarns in a spinning mill. Very often a wide variety 
of fibres are mixed in the process. Furthermore, polymers 
are involved (in the form of granules or similar). These are 

Longevity can influence recyclability, but there is also still a 
large gap in data here.

Need 6.7: Guidelines for design 4 recycling
The EU textile strategy [215] calls for textiles to be fundamen-
tally recyclable. Design guidelines that consider recycling 
of the product at the product development stage can help 
answer the following questions at the material selection 
stage: Which textile materials and components result in the 
desired property profile? In what way are the possible materi-
als recyclable? Can the materials be recycled in a closed-loop 
or open-loop process? Defined recycling requirements and 
standards are needed that can be incorporated into a recy-
cling index so that the recyclability of a product is involved 
directly in the design phase. Guidelines would provide essen-
tial support to designers to realize a circular design and thus 
a circular product, and could also be motivation to create a 
more recyclable product. To address these multiple challeng-
es, transparent processes are needed, starting with collection 
and sorting for the recycling process and ending with product 
labelling via the DPP.

Note to policy-makers: One hurdle for the realization of the 
requirements for the Circular Economy is that the know-
how for the Circular Economy has not yet been taught in the 
training of textile professionals. Changes and investments in 
training and skilled workers who can map textile and, based 
on this, environmental issues in combination with economic 
issues are necessary.

Need for research: Expand research into the application of 
textile fibres and fabric constructions that improve design 
qualities to enhance, recycle and reduce materials available 
in the marketplace while making information more digitally 
transparent and enabling more efficient use of materials 
using overarching software.

Need 6.8: Definition of quality requirements and 
standardized test procedures for a quality index 
Materials, components and sewing ingredients not only 
determine the structure of the value and supply chain, but 
they also offer the possibility of keeping textile products in 
use for longer, increasing their service life while making them 
easier to repair. In order to increase the longevity and thus 
the quality of garments, the various stakeholders (brands, 
manufacturing companies, labels, etc.) have so far defined 
quality requirements for their applications [235].
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Need 6.10: Methods for determining and identifying 
recyclate content and sources in semi-finished products 
and products at batch level, etc.
Standardized formats are required for specifying the recycled 
material content and source in order to provide comparable 
information on the content. It may be useful to show the 
sources of the recycled content as well. This requires stand-
ardized designations for process stages. It would be useful 
to establish methods for determining the recycled content. 
This can answer questions such as: How much (in quantity %) 
recyclate is in this material/product? What type of recyclate 
(such as rPET? r-fibre)? Are they recyclates from produc-
tion waste and residues or overproduction (“pre-consumer 
waste”) or utilization waste (“post-consumer waste”)? 

For recyclates to be used, there must be collection and 
“manufacturing” of sufficient or large quantities of recyclates. 
For this purpose, factories with corresponding plants and 
machines must be built and the necessary (logistics) infra-
structure must be established (keyword “recycling hubs” by 
EURATEX [237]).

Note to policy-makers: According to the European Textile 
Labelling Regulation [238] and the German Textile Labelling 
Act [239], only the indication of the fibre materials is required 
so far. This hinders the use of recycled materials. Therefore, 
labelling of the recycled content would be necessary. 
Additions to the labelling, such as showing the amount and 
source of recycled material, the percentage of renewable raw 
material, and notes/references for reuse and recycling, would 
be useful.

Need for research: Systematic knowledge is required as to 
which recyclate quality and which blending ratios can be 
used to achieve which yarn or thread qualities. Furthermore, 
it must be investigated whether previous fibre parameters are 
also applicable and sufficient for recycled fibres.

Need 6.11: Measurement or determination of 
consumption data and product components
Life cycle assessment (LCA) is a way of recording and evaluat-
ing the environmental impact of products, for example, over 
their entire life cycle. For this purpose, a cross-media consid-
eration of all potential harmful effects on the environment 
and all material streams associated with the product under 
consideration is carried out. All stages from raw material 
extraction to production, application and use, waste treat-
ment, recycling and final disposal should be considered. 
The aim is a holistic presentation of the ecological impact. 

typically extruded into (continuous) filaments (and thus into 
continuous man-made fibres) in the primary spinning mill or 
used directly for nonwovens production.

Both fibres and polymers can be virgin raw material or 
recycled raw material. Recycled raw material comes either 
from the textile cycle or from other cycles (such as r-PET 
from PET bottles). Another characterizing feature is renewa-
bility: Natural fibres are typically renewable, while synthetic 
fibres, which are made from petroleum, are not. Regenerated 
cellulose fibres (such as viscose) are made from cellulose (e.g. 
from wood) and are thus of renewable origin.

Furthermore, scraps and waste from semi-finished products 
can flow directly back into the cycle, such as yarn scraps 
directly back into the spinning mill or textile process waste for 
use in other textile products.

Basically, the manufacturing processes considered here 
include (1) fibre production and processing, (2) thread/
yarn production and finishing, (3) fabric production and (4) 
finishing, and (5) garment production and finishing. Polymer 
production and logistics processes are currently not explicitly 
taken into account.

For closed-loop considerations, the downstream “process-
ing stages” – i.e., after product use, collection and sorting, 
disassembly, mechanical recycling, and chemical/biological/
thermal recycling – must also be considered from a material 
and energy efficiency perspective.

An important definition is that of the functional unit (kg of 
yarn, m² of fabric, garments, etc.)

Another important aspect is data quality or data accuracy: Is 
the data measured, real individual data from which an actual 
report can be created (report, ex-post), or is it extrapolated, 
(more or less) estimated, averaged, assumed, simulated or 
similar realistic data taken from the literature that can/should 
be used for scenarios and for decision support in design and 
process design/planning, i.e., ex-ante? Such ex-ante informa-
tion is also important for (textile) mechanical engineering in 
order to optimize machines and plants in terms of material 
and, above all, energy efficiency.

134 – Standardization Roadmap Circular Economy

CHAPTER 2 – KEY TOPICS



processes are partly carried out with obsolete technologies or 
machines and equipment. This results in leftover and waste 
materials and chemicals, as well as inefficiencies in energy 
and water demand.

One approach would be to align/add material flow cost 
accounting (MFCA, according to DIN EN ISO 14051 [291]) for 
integrated modelling, analysis and simulation of material, en-
ergy, CO2 and cost flows in the textile cycle. Thus, a standard-
ized methodology can be created to determine the quantity 
flow and the CO2 flow along the textile value chain (and thus 
across companies) and to make it communicable, both ex-
post (“protocol”, “report”, “actual”) and ex-ante (“simulation”, 
“estimation”, “scenario”).

A second approach would be to supplement the 
DIN EN ISO 14001 [240] environmental management system 
with corresponding explanations on the acquisition and 
handling of data and information for aspects of the Circular 
Economy – where not already available. Possible aspects are 
data quality (origin, accuracy, completeness, currency) and 
appropriate procedures and processes to ensure data quality. 
The same applies to measurement and test methods, as well 
as calculation methods (such as the allocation of energy 
demand to product batch).

Need 6.13: Development of an indicator methodology for 
products as well as for companies (keyword: traffic light 
system) with regard to the Circular Economy (closed loop 
indicators)
How good (or bad) is the textile from a quantity perspective in 
the cycle as well as complementary from a CO2 perspective?

One of numerous approaches from science, business and 
politics is the Material Circularity Indicator (MCI) [241], 
co-developed by the EllenMacArthur Foundation. This value 
is determined for a product by entering information such as 
the proportion of recycled material, reuse or service life ratio 
using a key figure between 0 and 1. A preparation for the (tex-
tile) Circular Economy is currently the subject of research ac-
tivities of the DITF [242]. The MCI may also require an adapted 
LCA methodology. Furthermore, assessments are required for 
the closed-loop capability or closed-loop characteristics of 
(individual) companies. The starting point here could be the 
numerous templates for company sustainability reports.

Need for research: Preparation and adaptation of the Materi-
al Circularity Indicator (MCI) to textile cycles.

The procedure for preparing a life cycle assessment and the 
requirements for a life cycle assessment are defined by the 
standards DIN EN ISO 14040 [80] and DIN EN ISO 14044 [81].

Currently, the use phase and, in part, the end-of-life (EoL) 
phase can only be codified inadequately. What is meant by 
this is that it is a challenge to describe usage behaviour or 
even the different cycle management options in data models. 
If, for example, one wants to make statements at the “begin-
ning of its life” about the environmental impact of a product 
which arises during its use and EoL, suitable methods are 
lacking here.

Information on LCA analyses is often not clearly communicat-
ed, so that in case of doubt, “false” expectations are created. 
Especially the comparability of LCA results is often misjudged 
here – if LCA results are based on different methods and ap-
proaches, the results are not comparable! However, it should 
not be underestimated that environmental assessments (LCA, 
HotSpot Analysis, etc.) can very well be helpful as internal 
decision support for improvements or changes in product 
design, e.g. in development teams within a company. Existing 
standards should be reviewed to see if requirements for bet-
ter communication can be incorporated.

The core question is how material and energy consumption 
data, as well as product components are measured or deter-
mined.

Need for research: Development of a simplified LCA 
“LCAlight” or a corresponding standard to achieve easier 
handling for SMEs already during product development. 
Development of methods to calculate/determine ex-ante 
values of material and CO2 quantities (extrapolation, estima-
tion, screening, simulation, scenarios), including for decision 
support during product design and process planning.

Need 6.12: Calculation methodology and data 
management
A standardized method, or at least a standardized man-
agement system, is required to calculate or prepare the 
information for the above labelling requirement (see also 
Need 6.10) on the basis of measured or determined data (see 
also Need 6.9). At present, planned and actual information 
on material quantity and CO2 flows for the above process 
stages is generally non-existent, inconsistent or impossible to 
communicate because it is not available. Likewise, the desig-
nation or allocation of recyclate quantities from the prelimi-
nary materials in the products is unclear. The manufacturing 
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lacks important information for consumers and service 
providers. Therefore, a mandatory requirement would help to 
ensure that all information is always available.

Need 6.15: Additional standards for various care and 
reprocessing procedures
Workwear can be reprocessed according to procedures for 
professional reprocessing (see DIN EN ISO 15797 [245]). 
Textile manufacturers for leasing and rental services test the 
quality of textiles before launching them on the market, using 
a realistic number of washing cycles and washing conditions. 
Subsequently, material tests (e.g. tensile strength, colour 
change, dimensional stability, etc.) are carried out, which can 
provide information on the quality of the washed textiles. 
Such extensive testing is not common for garment textiles. 
For workwear and protective clothing, DIN EN ISO 30023 [246] 
provides a system of graphic symbols covering the marking of 
workwear and protective clothing with information relating 
to suitability for professional industrial laundering in accord-
ance with DIN EN ISO 15797 [245]. In the field of professional 
cleaning, there are also various test methods for evaluating 
dry cleaning and wet cleaning (see DIN EN ISO 3175 (all parts) 
[247]), in which particular emphasis is placed on the life cycle 
extension measures of textiles.

For privately used textiles, further product information (in 
addition to the above-mentioned textile care label codes) can 
help to optimally reprocess the products. Irrespective of this, 
possible (negative) interactions during care should already be 
taken into account in the design phase and in the selection of 
the various materials of the product (see section “reduce by 
design”) and this information should be included in the DPP.

There is a need for standards for environmentally friendly 
washing and cleaning processes, for environmentally friendly 
(stain) solvents or even finishing chemicals, and for re-dyeing 
of textiles for the textile product groups.

Need 6.16: Promotion of rental and leasing systems
Rental or leasing systems are based on the “purchase of 
services”. The ownership of textiles remains with the produc-
er or the rental company, which, as part of their services to 
the customer, ensure the functionality and quality of textiles 
and clothing for the agreed warranty period. Rental systems 
include: rental, pay-per-use and product-as-a-service (see 
also Need 1.30). These systems can be applied to business 
customers and individual customers.

Reuse

Reuse considers the life cycle phase of textiles after the initial 
sale up to the point at which the product is to be turned into 
the end-of-life (= utilization phase). In this phase, the aim is to 
enable the product to be used for as long as possible, so that 
repeated use and the resulting reduction in newly produced 
products enable a reduction in resource consumption.

A basic condition for a long product life is good initial quality. 
In this respect, product design (see section on “reduce by 
design”) also plays an essential role for “reuse”, as does the 
existence of appropriate business models in the use phase 
(see also Need 1.30).

During the utilization phase, textiles become soiled or can be 
damaged and therefore need to be processed before being 
used again. This is done by consumers or service providers 
with professional preparation and care of textiles (e.g. dry 
cleaners, ironing and mangling shops) as well as other service 
companies in the field of dyeing, re-impregnation of textiles 
with existing or new business models. In some areas of use 
(e.g. protective masks and gowns, surgical textiles, hand 
drying), reusable textiles are an alternative to single-use 
products on the market. Reusable products can be strength-
ened with product standards in such areas of application 
and strengthen already existing business models for textile 
multiple products in these areas of use.

Incorrect care can lead to a reduction in the lifetime of the 
textile. Gentle washing and cleaning processes can help 
maintain quality and prolong life. Additives in the processes 
can help to maintain functions or even to regain functions 
(e.g. avivages, finishes, re-impregnations, flame retardants, 
chemical protectors, UV protectors, stain protectors).

Need 6.14: Extension of textile care labelling
Private clothing worn by consumers as well as service pro-
viders who care for clothing such as everyday clothing from 
nursing homes are informed about the appropriate care 
(such as washing, cleaning and drying processes) via labels 
on the textile and by means of the care symbols according 
to DIN EN ISO 3758 [243]. So far, there is a lack of data on the 
number of washing cycles with which a textile can be washed 
without loss of quality. Product- and material-related tips for 
gentle care would help to extend the utilization phase [244]. 

Note to policy-makers: One obstacle is that textile care 
labelling has so far been voluntary and therefore sometimes 
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Need for research: Development of non-destructive test 
methods is necessary to make an objective condition assess-
ment and quality assessment of used textiles.

Repair

It is imperative to increase and support the repairability of 
textiles as part of the shift to the Circular Economy, because 
this contributes significantly to extending the life of textiles 
and thus saving resources. This requires an expansion of 
repair services. Standardization can support this process:

Need 6.19: Define standardized product information 
about spare parts
Repairability requires the production and distribution of spare 
parts (new or discarded products) and the provision of infor-
mation on their availability (including on digital platforms).

Currently, only a few textile manufacturers produce spare 
parts in addition to the ready-made product and also sell 
them separately. This business area is of core importance for 
textile repair and alteration services. One particular problem is 
that it is often not clear where which spare parts can be found 
or which textile materials were used in the original product, so 
that appropriate fabrics could then be identified for repairs.

Need 6.20: Definition of repair or spare part requirements 
as well as standards that can be included in a repair index 
(repair index)
Consumers who own a valuable garment usually want to 
keep it as long as possible and would most likely be willing 
to repair it in case of a (minor) defect. This, in turn, would 
increase demand for repair services. Retailers could offer 
repairs and other services in their stores and partner with 
providers of repairs and remodelling in local communities. 
Several brands already offer in-store repairs and incentivize 
users to keep their garments in good condition, especially 
outdoor clothing brands.

Note to policy-makers a: Extend “right to repair” [251] 
to textiles and advance its practical implementation (see 
Need 1.35). Even if standards on repair requirements were 
available, implementation is hampered by the voluntary 
nature of the standards application, as all activities to expand 
repairability are an additional cost.

To be able to repair textiles, spare parts must be made avail-
able and this is rarely the case today. Manufacturers could 

Leasing textiles are characterized in particular by high dura-
bility, consistency of fit and colour fastness, but also main-
tainability, because the frequency of use cycles is crucial for 
economic success. There are a large number of individual test 
standards for these product properties (see Chapter 1.6.2), 
which today are mostly only applied to new products or the 
starting material, and in some cases after ageing or a certain 
number of washing cycles.

In the field of workwear and commercially used textiles, 
business models in the rental service or leasing have been es-
tablished for several years. For these business models in the 
B2B sector, there are already existing methods and standards 
in some product areas (see Chapter 1.6.2), but these need to 
be significantly expanded in order to extend the service life of 
many textiles, especially for privately used clothing.

Need 6.17: Specifications for the description/labelling of 
textiles for the second-hand market
However, a change of ownership can also contribute to the 
extension of the usage cycle if the initial purchaser no longer 
wishes to own/use the textile. Approaches for corresponding 
business models already exist for this as well.

Second-hand use involves a transfer of ownership of textiles, 
and the products are resold. Compared to the rental models, 
this business model could be used in particular in the private 
sector for “normal everyday clothing”. The purchase should 
be combined with an examination of the current quality of 
the second-hand textiles before resale. Buyers and resellers 
of these products sometimes lack information about source 
materials and condition of use of second-hand goods. Here, 
the DPP (see Chapter 3.3) and, if applicable, standards for a 
condition assessment of the product (see Need 6.8), manufac-
turer information on the number of possible washing/clean-
ing cycles could help to promote and enable secondary use.

Need 6.18: Non-destructive methods for condition 
assessment of used textiles
Systematic quality assurance could increase consumer con-
fidence in the purchase of used textiles and thus be a means 
of significantly expanding the scope of this market. Quality 
properties are partly determined with destructive tests; here 
there is a need for non-destructive methods for the quality 
assessment of used textiles [248], [249], [250]. Even though 
the systematic introduction of quality assurance measures for 
second-hand textiles will lead to additional costs, these can 
be compensated by a substantial expansion of the second-
hand market (see Need 1.2).
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of the collection of used textiles is on safety for the “end 
consumer” who disposes of the goods in depot containers, 
prevention of “littering” of stand locations, “information and 
transparency”, protection against wetness, and “material-
friendly removal” of used textiles from depot containers so 
that the highest possible proportion of used textiles can be 
used for preparation for reuse.

Need 6.22: Requirements for the condition and 
environment (location) of depot containers
Through standardization, requirements for the condition of 
the containers and the environment (locations) of the con-
tainers should be defined. The goal is to minimize the risk of 
accidents, littering and robbery. The depot containers must 
also be protected against the weather and be theft-proof, as 
well as meeting all safety-related aspects.

Existing working group: CEN/TC 183/WG 1 “Waste contain-
ers” [254].

Need 6.23: Uniform marking of collection containers
Standardization of uniform marking is intended to provide 
citizens with the information necessary for the use and 
transparency of the collection system and for its acceptance. 
Important information is especially markings from which it 
is immediately clear who the collector is (complete contact 
details of the actual collector incl. the collector’s direct tele-
phone contacts; this is also important, for example, in order 
to be able to contact the collector directly in an emergency). 
In addition, it must be clearly indicated which used textiles 
may be placed in the container and in what form (e.g. “clean 
and packed in bags”). Such marking helps determine that the 
collection is legal.

Need 6.24: Requirements for the process of removal of 
the collected goods from the depot containers
The used textiles should be collected in such a way that 
the highest possible proportion can be prepared for reuse. 
The initial screening and “material-friendly” removal are of 
central importance for the entire recycling process, because 
cross-contamination of the collected material by foreign 
matter and impurities can be avoided during the subsequent 
transport to the sorting plant. Requirements for the process 
are important, for example, by separating waste and other 
things that can lead to soiling of the used textiles. When tak-
ing over the collected goods at the collection point or when 
emptying the containers, an initial inspection should already 
be carried out. Obvious foreign matter and impurities are to 
be removed.

make spare parts available for a minimum number of years 
after the product is sold, or provide information on where 
consumers can obtain appropriate spare parts. Even if stand-
ards were available for repair, implementation is hindered by 
the voluntary nature of standards application.

Note to policy-makers b: Obligation of the garment manu-
facturers to stock spare parts, to make them available or to 
inform about suitable sources of supply.

Note to policy-makers c: In addition to reducing the cost of 
repair and alteration services for consumers and the “right 
to repair” for textiles (see Note to Policy a), there is a need 
to strengthen the craft as an attractive profession (see also 
Need 1.36) and to expand training opportunities for textiles 
(see also Need 1.37).

Need 6.21: Identification of repairability
Standards must be drawn up that specify, for example, how 
a textile product must be marked so that it can be repaired in 
the best possible way. The question of what types of repairs 
are appropriate can also be addressed. Likewise, product 
(group)-specific standards can specify how a product should 
be designed to ensure the best possible repairability (design 4 
repair).

Recycle

Material recycling is preceded by collection and sorting as 
necessary process steps.

COLLECTION OF USED TEXTILES

High material utilization requires well-developed and easy-
to-use collection systems. For all used textiles that are not 
collected by type, sorting is also necessary in order to reuse 
or recycle the collected materials. A distinction must be made 
here in the private sector, for which an almost nationwide de-
pot container collection system for used textiles (as a collec-
tion mixture) is available in Germany today. There are a wide 
variety of collection systems and solutions for used textiles 
from other sources, such as industry, commerce, trade and 
administration [252].

In the process of disposal of used textiles, collection repre-
sents an important area. The focus is on collections via depot 
containers, as more than ¾ of the used textiles in public 
collections are collected via depot containers [252]. The focus 
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the remaining quantities are recycled at a high beneficial lev-
el (see also Need 5.10). This is achieved through transparency 
and security.

For used textiles prepared for reuse, quality assurance, wear-
ability, purity and, as far as possible, differentiated and in-
depth information about the products as well as the delivery 
form play an important role. At this point, reference is also 
made to the working document on the revision of the Waste 
Shipment Regulation [255], in which the EU Commission is 
to be authorized to develop criteria for distinguishing used 
goods and waste for certain wastes (including textiles).

For the sorted textiles that are not suitable for reuse, the mar-
ket for the appropriate recycling methods in each case should 
be covered by standardization. In the context of standardiza-
tion, therefore, purity, the tolerated proportion of impurities 
and substances, colours and delivery form are important in 
addition to the material fraction.

An example of a specification: DIN SPEC 91446, Classification 
of recycled plastics by Data Quality Levels for use and (digital) 
trading [49].

RECYCLING/RECYCLING METHODS

Transparency and origin of recyclates and fibres are to be ob-
served according to the German Supply Chain Due Diligence 
Act (LkSG) [256] and are to prevent greenwashing. In order to 
map the heterogeneous recycling market for textiles, mean-
ingful data and a uniform language are required. A uniform, 
standardized categorization of waste that can be further used 
as a secondary raw material is needed.

The preparation of information regarding the starting mate-
rial is essential for further processing, but also for deciding 
through which recycling process (e.g. mechanical or chem-
ical) the material is recovered for reuse as a raw material. 
While chemical recycling achieves a comparable output in 
terms of quality, mechanical recycling involves a downgrad-
ing of quality by shortening the fibres. At the same time, 
however, the consumption and use of resources for material 
preparation must also be taken into account.

Materials can be closed loop through the various recycling 
technologies or leave their own product loop (open loop). 
There may be economic or technical reasons for this, for 
example if the quality of the recyclate no longer permits its 
use in the closed loop. The aim, however, is for the loops to 

Need 6.25: Standardization/product specification 
according to sorted collection of textile waste from other 
sources
Used textiles of commercial or other origins often accumu-
late only in small quantities, but are sorted by type. Thus, 
high-quality recovery is possible if the specification of the 
waste can be specifically defined and named. In this way, 
“pooling” for sales markets and marketing according to spe-
cific requirements is possible. Textile waste of other origins 
that is sorted by type includes post-consumer or pre-con-
sumer waste as well as production waste (such as cuttings or 
selvedges).

Material pools can be formed by drawing up product specifi-
cations. This can create or expand sales markets for various 
types of textile waste collected by sorting. Standardization 
may involve, for example, references to material fraction, 
textile composition/components, origin, purity and delivery 
form (see also Need 5.11).

SORTING OF USED TEXTILES

For all used textiles that are not collected by type, sorting is 
required that meets certain quality criteria and product speci-
fications as well as the waste hierarchy.

At the same time, the process of sorting can be very different. 
While in some plants very differentiated sorting is carried 
out, in other plants only a rough and superficial pre-sorting 
takes place. Compliance with the waste hierarchy can only 
be achieved through a process that prepares used textiles for 
reuse and sorts used textiles that are no longer wearable and 
marketable into fractions for existing recycling processes.

Need 6.26: Establishment of regulations and criteria for 
used textile sorting plants
Standardization of regulations and criteria for used textile 
sorting plants serve as a preparation for the certification of 
plants according to uniform assessment standards.

Need 6.27: Product specification after sorting of mixed 
collected used textiles
After the sorting of mixed collected used textiles, there are 
very many different textile products, but also textile waste 
continues to be available for further marketing. Standardi-
zation is intended to establish a data quality level to define 
a commodity and, moreover, to exchange information. The 
main objective here is to ensure that as high a proportion as 
possible can be prepared for reuse and marketed, and that 
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recycled material in equal measure from 2030 onwards, in ad-
dition to other aspects. This means that market participants 
will strive to meet this requirement. Similarly, textiles with 
recycled fibre content will become more attractive compared 
to today. In order to close the loophole for greenwashing, the 
control and transparency of material streams (input = output) 
is of great importance.

Where the materials come from and traceability within the 
supply chain should also be considered in this context, with 
reference to the requirements of the LkSG [256]. Here we also 
make reference to the DPP, where the information about the 
origin of the material can be integrated.

USE OF RECYCLATES AND COMPATIBILITY WITH 
APPLICATION-RELATED CONTAMINANT LIMITS

On 01.06.2007 the REACH regulation [73] was issued by the 
European Union for the protection of humans, animals and 
the environment. Companies must identify and manage the 
risks of the substances and products they place on the mar-
ket. REACH establishes procedures for collecting and evaluat-
ing information on the properties and hazards of substances. 
In the long term, the most hazardous substances are to be 
replaced by less hazardous ones. At the same time, however, 
it should be noted that this regulation does not prevent the 
use of recyclates and recycled fibres, which are often made 
from mixed, inhomogeneous waste. In any case, increased 
contaminant input through the use of recycled materials and 
recycled fibres should continue to be ruled out; at the same 
time, excessively high testing and verification requirements 
should not hinder their use.

Note to policy-makers: Adaptation of the legal framework 
with the aim of preventing the input of pollutants exceeding 
limit values, while at the same time not hindering the use of 
recyclates.

Need 6.30: Determination of the test criteria and the test 
time for the detection of the potential pollutant input
If recyclates or recycled fibres are produced from used 
textiles that were manufactured before the introduction 
of pollutant limits, or from textiles that are only subject to 
certain pollutant limits, these pollutants may appear as con-
taminants in the recyclate. Labels (such as OEKO-TEX [257], 
Green Button [258]) can provide information about past con-
taminant testing and limits, but it is not known if there was 
any contaminant input during the use phase. REACH does 
not include second-hand clothing so far. DIN CEN/TS 16010 

be largely self-sustaining through the materials already in 
circulation. A product entering the open loop, which could be 
continued in the closed loop, is to be avoided, provided that 
ecological and economic aspects are not in complete contra-
diction.

The availability of information on these topics, as well as 
education on possible recycling routes and the application 
options of recyclates and recycled fibres, are key to a 
high-quality holistic reprocessing system. A network should 
be established to facilitate access to this information. One 
example could be EURATEX’s ReHubs initiative [237].

Need 6.28: Definition of permissible materials and 
verifiable information as “recycled content”
Various starting materials can be used for the use of recy-
clates and recycled fibres. From the textile value chain, this 
includes (cut) waste from production (post-industrial waste), 
as well as collection surpluses, faulty production, returns 
(pre-consumer waste) and used textiles (post-consumer 
waste), insofar as this waste can be reused or recycled.

It is important to create a demarcation and define from 
which material streams recyclates and recycled fibres can 
be termed “recycled content”. A self-contained recirculation, 
such as roving/pre-yarns from the spinning process, which 
are directly recirculated in the same process and therefore re-
used, should be distinguished from this. This should prevent 
greenwashing.

Note: Recycled Claim Standard is an international voluntary 
standard for textiles with a minimum of 5 % recycled content.

Global Recycled Standard is also a voluntary standard for 
textiles with a minimum of 20 % recycled content [267].

Need 6.29: Establishment of criteria and definitions for 
the traceability of material streams
Determining the recycled content or the history of a recyclate 
or recycled fibre is not possible according to the current state 
of the art. Therefore, there is an increased need for transpar-
ency or traceability of the material streams to make a plau-
sibility check possible. If recycled mechanically, the fibres 
are very shortened. But new, original fibre material is also 
shortened as it passes through the various processing steps 
to become yarn. In chemical recycling, the material to be re-
cycled is transformed back into virgin fibre material through 
a transformation process. According to the EU Textile Strat-
egy [215], textile products should be recyclable and contain 
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Note to policy-makers: So far, only the labelling of the mate-
rial composition is mandatory for textiles and information on 
recycling is not required. This is an obstacle, because at the 
moment consumers do not receive any information about the 
recycling method, among other things. Appropriate labelling 
and information on recycled material in the textile and the re-
cycling method used on the textile can support consumers in 
their purchasing decisions. In addition, this information can 
assist contributors to the processing and recycling industry 
to apply the optimal recycling method for each textile waste 
product. This also creates transparency for the textile supply 
chain. The information should be equally incorporated into 
the DPP.

Need 6.32: Tamper-proof material labelling and marking
Tamper-proof material labelling supports simplification in 
the separation and recycling process by enabling simple and 
reliable material identification, thus avoiding costly subse-
quent analysis.

Need for research: Develop appropriate marking methods 
for the different types of fibres.

General standardization needs
The general standardization needs described here, “Label-
ling – sustainability, circularity, and certification” and “Digital 
product passport (DPP),” impact several R-strategies.

LABELLING – SUSTAINABILITY, CIRCULARITY, AND 
CERTIFICATION 

Sustainability and circularity are not synonyms, but com-
plementary interacting systems that pursue common goals 
from different perspectives. In order to obtain quantitatively 
comprehensible foundations for decision-making, various 
Circular Economy frameworks were identified that take into 
account a number of specific indicators and metrics. These 
relate both to sustainability and Circular Economy goals and 
to key characteristics specific to the industry.

Need for research: The relationship between circularity and 
sustainability performance needs to be investigated.

While the proliferation of Circular Economy indicators has 
received much attention, there is still a lack of critical review 
of combinations of methods that specifically quantify the sus-
tainability impacts of Circular Economy strategies [259]. This 
is an important prerequisite for creating clarity and a trans-
parent basis on which to build label and certification systems.

[185] and DIN CEN/TS 16011 [186] provide useful guidance 
on general sampling methods for the testing of plastic waste 
as a raw material for recycling and recyclates. Reference is 
also made in this context to E DIN EN ISO 5157 [226], which is 
currently in preparation, in order to ensure compatibility with 
the terminology it contains.

Need 6.31: Standards and specifications for the evaluation 
of textile waste and its recyclates/recycled fibres
The availability of meaningful data, as well as consistent 
language regarding the generation and use of that data, is 
important for making waste accessible to a specific, designat-
ed recycling technology. Due to the dynamic development 
of the state of (machine) technology, the specification of this 
data must be flexible. Even today, required material param-
eters for different recycling technologies (e.g., mechanical 
tearing or chemical dissolution) can differ significantly. The 
tools of standardization should therefore serve to generate 
information, place it in context, and make it comparable (see 
also Need 5.9).

DIN SPEC 91446 [49] offers an approach that encompasses all 
the different types of polymers and is intended to facilitate 
consistent communication along the value chain, thus spur-
ring the establishment of a Circular Economy for plastics.

The specification deals with quality levels and information 
that can be provided about the material in question. The 
more data available, the higher the level (max. level 4). The 
data are divided into information, properties and optional 
characteristics of the material. The information category 
includes details such as the type of material (PES, PP, PA, 
etc.), colour, recycling methods (which process), information 
on the use phase already passed or the shape and condition 
of the material. The properties category contains test data 
and by which test methodology they were obtained. Optional 
characteristics are further material properties that may be 
important for recycling. As this may differ depending on the 
recycling technology, this information is only optional, not 
mandatory, and has no influence on the classification into 
quality levels.

In the field of textiles, however, plastics are only some of the 
established fibre materials. Consequently, natural fibres do 
not fall within the scope of this specification. In addition, it is 
to be discussed whether the catalogue of the respective data 
for information, properties and optional characteristics for 
textiles should be further edited or expanded compared to 
the general plastics trade.
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The following overarching criteria have been identified for 
holistic labelling: Circularity innovation (business model 
consideration, R-strategies), product design (eco-design), ma-
terial use (grade purity), life cycle assessment (LCA), longev-
ity, quality, chemicals, care, production location/site, social 
and environmental aspects in production, where and how to 
“dispose” of the textile at the end of its use [268].

Need 6.35: Definition of an overall index (composite 
index) with variables for Circular Economy labelling
An overall index could be a suitable tool to create a set of indi-
ces which are based on standards and are therefore measur-
able, allowing certification to be carried out. Due to the great 
diversity of different product groups in the textile industry, 
an overall index could be practical, as it could be adapted 
to the product group and/or function. A selection should be 
made from the overarching criteria of a Circular Economy 
label to define a set of variables that can be measured based 
on standards and that can provide clear, objective results. 
Criteria are, for example, suitable variables for the creation of 
an overall index (quality index, chemical index, care labelling, 
repair index, recycling index) [261].

DIGITAL PRODUCT PASSPORT (DPP)

Need 6.36: Information needs of different stakeholder 
groups
This need is described in the Chapter on the DPP.

Need 6.37: Information needs for different product 
groups
Requirements according to product group: Product groups 
such as home textiles, clothing, PPE, medical textiles, etc. 
have different properties and cannot all be described in the 
same report. Therefore, there is a need for product-specific 
reports. The appropriate data fields/parameters for the prod-
uct group (e.g. fibre quality, ingredients and material mix) 
should be defined in these reports. The circularity.ID Open 
Data Standard [262], which is designed for clothing, could 
serve as the basis for this.

Need 6.38: Interoperability of product and event data, 
and metadata through a unified ontology/taxonomy
This need is described in the Chapter on the DPP (see Chap-
ter 3.3). Specific standards and specifications that can be 
applied to the textile industry are listed below. The UNECE 
has already started to develop traceability standards with the 
project “Traceability for sustainable garment and footware” 
[263]. Other de facto standards that should be considered as 

Need 6.33: Standardized definitions of terms related to 
environmental statements
Environmental statements/declarations of conformity/volun-
tary sustainability seals that refer to environmental or social 
aspects are only permitted if the issuer is a recognized insti-
tute or independent organization, or if they are based on the 
EU Ecolabel, environmental labelling (DIN EN ISO 14021 [177], 
DIN EN ISO 14024 [260]) or specific EU legislation relevant to 
the statement, or if the statement has been independently 
validated by a third party. The terms sustainability and circu-
larity are often unclear and need to be clearly defined – some 
labels do not make it clear which sustainability or circularity 
features the product has (see also Need 1.25). For this purpose, 
there is a necessary differentiation between sustainability 
and circularity features without the possibility of verification, 
with the possibility of verification but without a certificate, 
and/or with the possibility of verification with a certificate.

Note to policy-makers: Greenwashing is defined as all 
actions with which companies suggest an environmentally 
friendly image to the outside world, although they do not 
work or produce sustainably. Unlike the term “organic” in the 
food industry, statements such as “sustainable,” “climate-
neutral” or “environmentally friendly” are not legally defined 
for textiles. There are no regulations on what requirements 
must be met when companies advertise using these terms. 
Greenwashing can occur through the use of terms that 
are not clearly defined. Lack of universally accepted defi-
nitions hinders sustainability disclosures. For this reason, 
legal requirements are necessary here to prevent misuse. 
DIN CEN/TS 16822 [214] and E DIN EN ISO 5157 [267], which is 
currently being developed, are initial starting points here.

Need 6.34: Establishment of overarching criteria for prod-
uct labelling that define the Circular Economy framework 
The main reason for introducing labelling is to inform con-
sumers that a product has been manufactured in accordance 
with the vision and/or technological knowledge of the Cir-
cular Economy and that this product meets a set of selected 
Circular Economy criteria. There are already a number of 
labels. Most of these labels focus on pollutants, materials, 
production, sustainability and/or social issues. Information 
on quality of use, service life, repairability, reusability or 
recyclability is still lacking. A comprehensive and easy-to-
understand Circular Economy labelling is lacking so far. The 
requirements for labelling for a Circular Economy should 
be defined along the value chain, especially in the design/
product development and production phases. This requires 
transparency across all steps in production.

142 – Standardization Roadmap Circular Economy

CHAPTER 2 – KEY TOPICS



years. Further, research and development can also help here 
to develop data carriers that can store unique identification 
numbers, are robust and machine-readable, and do not 
contain metals.

a basis are the “Materials, processes & product classification” 
of Textile Exchange [264], the “GTL Language” of Global Tex-
tile Scheme [265], the “circularity.ID Open Data Standard” of 
circular.fashion [262] and the “Web Vocabulary” of GS1 [266].

Need 6.39: Care instructions for washing machines 
Optimal care can help to ensure that textiles can be used for a 
longer time. Digital and standardized care information on tex-
tiles could be read out automatically by intelligent washing 
machines and appropriate washing programs (domestic and 
industrial) can be selected (communication between textile 
and washing machine).

Need 6.40: Data carrier for textiles
In order for the data to be readable by all stakeholders along 
the value chain, identification numbers and data carriers on 
which the identification numbers are stored are required.

Standards are required for the data carriers, e.g., those with 
information on which data carriers are suitable for which 
area of application. For example, it is of little use when textile 
manufacturers use QR codes as data carriers if used textile 
sorting companies or recyclers do not want to use them in 
terms of process technology because it is not economically 
viable. Data carriers are therefore required that are machine-
readable and, if possible, that can be read automatically in 
a used textiles sorting system (e.g. RFID). At the same time, 
optically readable data carriers (e.g. QR, data matrix, bar-
code) can also make sense, as they are cheaper, do not add 
any additional materials to the textile and thus do not need to 
be removed before recycling.

With regard to robustness, standards are required as to how 
many wash cycles (which wash programme) a data carrier 
must withstand, depending on the product group (e.g. un-
derwear is washed more often than jackets). The placement 
of the data carrier can also be important, firstly to prevent 
consumers from removing them and secondly to ensure that 
used textile sorting companies can also find, read and, if 
necessary, remove them. The placement could also be inte-
grated as a data field in the product description. It must also 
be defined how the identification numbers are stored on the 
data carriers (e.g., as an electronic product code).

Note to policy-makers: Policy-makers should issue guide-
lines so that all stakeholders along the textile value chain 
can adapt to appropriate means of identification and data 
carriers. Ideally, this should be implemented with technol-
ogies that have already been used on the markets for many 
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2.7 
Construction and 
municipalities



energy (grey energy), raw materials and CO2 emissions, so 
that climate protection targets can be achieved. The EU 
taxonomy therefore specifically requires that percentages be 
demonstrated in the use of secondary raw materials and/or 
biotic raw materials. The reuse or continued use of individual 
components or entire component groups is lacking and must 
be included [271].

On the one hand, with the help of future standards and 
specifications, the use of resources must be reduced by 
extending the service life at all levels (building land, building, 
component, fastener, equipment, material), and the material/
technological material cycle must be promoted with the aim 
of avoiding waste, reusing components with the highest pos-
sible quality and recycling building materials (recycling with-
out downcycling). On the other hand, the existing, overriding 
challenges, such as the testing/certification/approval of 
“used” or already installed components/building materials, 
and the questions of warranty and liability, must be solved 
through standardization (see Figure 30).

The levels and components of consideration in the context of 
construction and municipalities are shown in Figure 31. Fur-
ther, the Figure visually characterizes the terms (components, 
building components, material, etc.).

 2.7.1 	 Status quo

The construction sector has the largest demand for resourc-
es, it is the largest CO2 emitter and also generates the largest 
share of global waste production [342]. The construction 
sector has a key role to play in achieving climate protection 
targets at German and European level [343]. The conclusion 
of the Paris Agreement of 2015 [270] and the binding climate 
protection targets agreed in December 2019 [3] have tight-
ened the requirements for reducing greenhouse gases at both 
European and national level. The European Green Deal sees 
sustainable transformation in the most CO2-intensive sectors 
in terms of climate protection, resource conservation, and 
digitalization as important approaches [2].

The EU Taxonomy Regulation, as a part of the European 
Green Deal, is a system for classifying sustainable financial 
products. In this context, pressure is exerted on real estate, as 
well as on those involved in the real estate industry through 
the fulfilment of sustainability requirements as well as their 
transparent disclosure. Among other things, this calls for a 
life-cycle-based CO2 assessment of buildings and compliance 
with and disclosure of certain target values in the circularity 
of buildings. This is because the sustainable Circular 
Economy is a key means of conserving resources, including 
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ards on the digital product passport in the broader sense, and 
for recording a carbon footprint. Some, especially higher-val-
ue strategies, have little or no results in the set of standards.

Breakdown by product groups and R-strategies
No systematic approach to the Circular Economy is apparent 
in the existing body of standards; for example, there are hard-
ly any standards on carbon footprint, “refuse”, “repurpose”, 
“remanufacture” and “refurbish”. The “repair” and “reuse” 
strategies are represented in isolated product groups. Appli-
cations for other product groups are to be investigated. There 
are a large number of recycling standards in the construction 
sector, especially in shell construction and dismantling. 

Evaluation of standards research
In the key topic “Construction and municipalities”, the stand-
ards research on the Circular Economy (see Chapter 1.6.2) 
of DIN, DKE and VDI was evaluated on the basis of the nine 
R-strategies. In addition, the topics carbon footprint and dig-
ital product passport were identified. Altogether 432 of 2066 
standards and documents were relevant for the topic.

Interpretation
Overall, there are many relevant results for circular construc-
tion and municipalities. The majority of the standards are in 
the area of recycling, a classic area of the Circular Economy, 
or are generally applicable results. This is followed by stand-
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Circular Economy are: Increase resource efficiency, stop 
biodiversity loss, de-pollute the environment and create jobs. 
The global issues of our time are also forcing local municipal-
ities worldwide to set out on the path to becoming a “sustain-
able community.” Cities and municipalities have mostly com-
mitted to the 17 UN Sustainable Development Goals [203]. 
The Circular Economy plays a central role in SDG 12 [203] 
“Sustainable production and consumption”. Digitalization is a 
supporting instrument of the Circular Economy. The concept 
of a smart circular municipality focuses, among other things, 
on digitally supported circular concepts including building 
data modelling and digital systems in neighbourhoods 
(holistic digital transformation process (smart city)). From a 
technical and economic point of view, digitalization can help 
to make processes in the various municipal fields of action, 
such as energy, mobility, infrastructure, supply or buildings, 
more efficient and, above all, to think in a more integrated 
way. Initial steps can be tested in neighbourhoods. Through 
forward-looking neighbourhood planning (the neighbour-
hood of short distances), supported by digital neighbourhood 
systems, the transformation to a circular neighbourhood, 
which is CO2-neutral, for example, by means of regenerative 
and integrated energy systems as well as intelligent mobility 
solutions, can succeed. A central theme of a circular munici-
pality is sustainable (multifunctional) land and building man-
agement. Public relations work on sustainable consumption 
and participation in Circular Economy planning and projects 
should accompany the process. Know-how and personnel 

It should be noted that no consistent process group-specific 
standardization is discernible in the area of the Circular 
Economy. Thus: There are many gaps in the standards land-
scape and a more detailed analysis for circular construction is 
needed.

 2.7.2 	 Requirements and challenges

The requirements and challenges in the area of the key topic 
“Construction and municipalities” were developed in the four 
challenge areas of municipalities, building materials, build-
ings, and methods and tools, and are described below. The 
standardization needs identified are then listed in a struc-
tured manner according to the R-strategies. 

Municipalities
In Germany, the municipalities are usually responsible for the 
tasks of providing public services and thus make decisions 
independently. Therefore, legal regulations and standards 
in the areas of services of general interest relevant to munic-
ipalities can only provide a framework. The municipalities 
themselves decide on the details. Large municipalities tend to 
have good knowledge of the various stakeholders needed for 
the Circular Economy and are usually involved in networks 
to initiate and drive the Circular Economy. Medium-sized 
and small municipalities often lack the human resources to 
deal intensively with these issues. The goals of the European 
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municipal compensation and promotes the use of alterna-
tive renewable energies in the heating sector. In parallel, the 
development of a new collection infrastructure for reusable 
and recyclable products, as well as infrastructure projects to 
prepare for reuse or material recycling, must be established 
at the municipal and regional levels. In this context, criteria 
for phase-out scenarios should be developed at the regional 
level and anchored in standards, and regional cooperation 
should be promoted.

The Circular Economy should be integrated as a building 
block in sustainable municipal procurement. For this pur-
pose, a catalogue of criteria/guidelines for the qualitative 
assessment of circularity would be useful. Tendering itself 
should also be standardized in form and content. The Circular 
Economy should be a permanent fixture in all municipal 
plans. For a uniform application and assurance of the quali-
ties, actors in the municipalities must be trained accordingly.

One tool to promote land recycling of unused or underuti-
lized land and real estate can be digital land passports. They 
create transparency regarding the framework data of the land 
and show the development potential. In addition to infor-
mation relevant to real estate, data relevant to contaminated 
sites, etc. is also recorded so that potential investors can 
access these sites as quickly as possible. In the new develop-
ment of industrial parks/commercial areas, care should be 
taken to ensure that one company’s residual materials are 
another’s basic materials. Furthermore, reverse logistics and 
waste heat and thermal potentials can be coordinated.

The previous distribution of goods can be controlled in terms 
of time and space. If, in the future, products are reused, 
repaired and refurbished several times, neither the time of 
collection nor the transport route can be predicted and thus 
calculated. This means that a change is required in the way 
waste is recorded and collected compared to the previous 
method – reverse logistics. Since transports are also associ-
ated with emissions, these must be optimized. This makes 
clear the urgent need for new collection concepts. This will 
only succeed if material and substance streams are taken into 
account in municipal mobility concepts.

The current waste management concept will exist in addition 
to the transition to the Circular Economy. This applies in 
particular to the planning/maintenance and operation of 
infrastructure measures and to logistics. In this context, syn-
ergies must be leveraged and system alternatives examined 

must be trained and available for the targeted Circular 
Economy. It can be said that the role of the municipality in 
the Circular Economy is very versatile – the municipalities are 
initiators, coordinators, implementers, financiers and com-
panions of Circular Economy measures. The influence of mu-
nicipalities on the Circular Economy through their statutory 
rights is far from exhausted. In addition to concrete needs for 
standardization, the following challenges and requirements 
in the context of municipalities were also discussed during 
the development of the Standardization Roadmap, but no 
concrete need for standardization could yet be formulated.

The collection and reuse of recyclable materials and prod-
ucts should already be reflected in the planning processes of 
urban neighbourhoods by considering optimized collection 
systems or spaces for sharing/repair in the planning. This 
leads to an increase in the quality of the residual material 
composition through optimized collection systems. In addi-
tion, repair services, e-charging, maintenance, cleaning, etc. 
can be integrated into mobility stations.

A recurring problem in many places is the quality assurance 
of knowledge. For this, the municipality needs digital evalua-
tion tools. Digital platforms as an information and exchange 
platform with an evaluation matrix for corresponding content 
help to build up knowledge and experience quickly and 
extensively. The Circular Economy must be included as a 
criterion in planning processes in order to strengthen them 
in planning consideration processes. The Circular Economy 
must be incorporated into climate protection, energy and 
mobility concepts and into regional and urban planning.

Regional resource, circular and material flow concepts can 
be developed in regional nodes. In addition to identifying 
(secondary) raw material needs and potentials, and coor-
dinating with circular business establishments, a common 
logistics, collection and sorting infrastructure can be estab-
lished in the area of reuse. In addition, community guidelines 
and circular targets, including resource reduction targets, 
should be established. Municipalities must use formal and 
informal planning tools to promote the Circular Economy. 
Together with the regional nodes, these two plans are im-
portant for the implementation of the Circular Economy in 
municipalities and regions.

Waste incineration plants represent a major investment and 
are an important municipal infrastructure measure. Should 
waste volumes reduce drastically in the coming years, an exit 
scenario should exist at the regional level that provides for 
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Buildings
In terms of a resource-efficient and circular real estate econo-
my, issues such as the reuse of the building stock are of high 
priority. The increasing scarcity of important resources for 
the construction industry, such as gravel, sand, wood, but 
also land, further underscores the relevance of reuse. The 
practical implementation of widespread reuse within the 
construction industry is failing due to unregulated provisions 
and the resulting challenges in generating information. The 
building passport can be seen as an auxiliary tool for record-
ing and collecting information about the building stock or the 
individual building in its as-built form. The basic idea of the 
building passport is to collect and bundle all relevant infor-
mation about the building and its components. This informa-
tion can be used at a later point in time, for example at the 
end of the life cycle, to reuse and recycle individual materials, 
components or parts, or the entire building as such, and thus 
keep them in the cycle. In order to build more sustainably 
in the future, it is not enough to exclusively use resources 
efficiently and plan new buildings more sustainably. Instead, 
new construction must become the exception and more 
intensive work must be done on existing buildings. This must 
be energetically renovated, further used or converted. For 
new construction, existing buildings that can no longer be 
used can form the raw materials warehouse of the future. The 
recycling of components and materials increases resource 
efficiency and reduces the use of grey energy. 

Methods and tools
Methods and tools for assessing the recyclability of buildings, 
components and building materials are the prerequisite for 
the politically desired implementation of the Circular Econ-
omy in the construction industry. They must be uniform and 
standardized. The tools must be readily usable in the plan-
ning process to provide robust and comparable results. They 
must be applicable throughout the entire life cycle of the 
structure. Furthermore, the methods and digital tools should 
be accessible to all participants in the construction value 
chain as cost-effectively and barrier-free as possible and 
should promote simple construction and serve to support 
planning. The accessibility and exchange of information on 
materials is a basic prerequisite for implementing the Circular 
Economy in construction. The methods and tools to be stand-
ardized will initially focus on materials and constructions for 
buildings. In addition to these aspects, existing tools should 
be supplemented or others developed in the future, for 
example to assess the circularity of land, water and energy. 
In addition, due to the diversity of the existing stock, the con-
siderations within the scope of this Standardization Roadmap 

within the framework of municipal/regional Circular Economy 
concepts.

Building materials
Construction and civil engineering (including operation 
of buildings) accounts for 70 % of all land change, 50 % of 
resource use and 40 % of energy consumption and green-
house gas emissions [344]. Therefore, resource-efficient 
construction under the ecological aspect of saving resources 
is one of the major key topics. Sustainable solutions not 
only for reducing the need for resources, but also for closed 
material cycles, are thus increasingly coming into focus. The 
main objectives are to reduce the use of raw materials in new 
construction, to extend the service life of the building through 
sustainable use and upgrading of the existing building fabric, 
and to reuse the components and materials recovered during 
conversion and demolition. The challenge is that require-
ments or future standards to strengthen the Circular Econo-
my are difficult to integrate into existing standard structures. 
Parallel standard structures lead to an increased effort and 
reduce the acceptance of the overall concept.

The European Construction Products Regulation EU 305/2011 
laying down harmonized conditions for the marketing of 
construction products takes Circular Economy into account in 
Annex 1, No. 7 [272]. According to the Regulation, the essen-
tial characteristics of sustainability are reusability, recyclabil-
ity, durability and use of recycled materials. In the future, the 
standardization task may consist of defining product charac-
teristics that contribute to achieving these essential features. 
For these product characteristics, where the Regulation is 
relevant, test criteria as well as the designation in levels and 
classes according to Article 27 have to be established by a 
delegated act according to Article 60. These criteria are to be 
specified in the respective product standards in the future. 
This standardization task has not yet been undertaken for the 
essential characteristic of sustainability. There is therefore 
an immense need for standardization with regard to circular 
products, as all harmonized specifications could be affected. 
In this respect, each product standard offers its own possibil-
ities and limits, which are determined not least by the other 
product characteristics that contribute to the fulfilment of the 
essential characteristics according to Annex Nos. 1-6 of EU 
305/2011. These are mechanical strength and stability, safety 
in case of fire, health and environmental protection, accessi-
bility and safety in use, protection against noise, and finally 
thermal insulation. The challenge is to define product prop-
erties that are meaningful for the intended application, with 
associated standardized test methods and evaluation levels.
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The prerequisite for this is the need for standardization de-
scribed in Table 3. The four essential properties of sustainable 
building products were translated into testable properties 
and simple level and class systems were proposed for each. 
The proposals are examples. There is a need for product-spe-
cific adaptation and also for supplementation with regard to 
product properties.

initially focus on the standardization of methods and tools 
for new construction or additions to the existing stock. These 
must also be extended when working in existing buildings. 
Further consideration of the topic should take into account 
ISO 20887:2020 [273] and, in particular, develop guidance on 
how to implement the design principles stated therein.

 2.7.3 	 Standardization needs

Some standardization needs can be assigned to multiple 
R-strategies. Requirements with possible multiple allocations 
were assigned to the most relevant R-strategy. Therefore, 
some R-strategies may not be listed in a separate section.

Refuse

BUILDING MATERIALS

Need 7.1: Formulation of standards and specifications 
that clearly describe the transition from waste to product 
(end-of-waste) and/or ensure minimum qualities with 
regard to suitability and warranty
Tenders should take into account as many reused compo-
nents and quality-assured recycling building materials as 
simply as possible. Currently, these components or building 
materials are at a disadvantage compared to standard new 
products due to a lack of regulations, or due to additionally 
required analyses, test methods or special knowledge during 
installation. The disadvantage of recycling building materials 
must be done away with. Sentence 2 no. 3 of Section 45 of the 
German recycling act, the Kreislaufwirtschaftsgesetz (KrWG) 
[175], could be implemented much better in practice if stand-
ardized and binding declarations on these product properties 
were available, referring to harmonized standards according 
to Regulation EU 305/2011, taking into account Annex 1, no. 7 
“Sustainable use of natural resources” [272]. To a certain ex-
tent, the acceptance of recycling building materials requires 
product-specific evaluation standards, which also take into 
account the rules of marketability of building products on the 
European internal market.
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A further obstacle would fall if recognized test criteria for 
the preference of reused building components or recycling 
building materials according to Section 45 of the KrWG (Ger-
man recycling act) were available, and the criteria mentioned 
under Section 45 para. 2, sentences 1-4 can be evaluated 
comparatively. This requirement is also possible through 
the declaration of reusability, recyclability, use of recyclates 
and durability in levels and classes. Basically, the differenti-
ated nature of the product requirements in Section 45 of the 
German recycling act still clearly exceeds the requirements 
of Regulation (EU) 305/2011, Annex 1, No. 7 [176], [272]. The 
need for standardization outlined in Table 3 is reinforced by 
the German recycling act.

Table 3: A proposal for product properties that contribute to the fulfilment of the essential characteristics of the sustainable 
use of natural resources according to Regulation (EU) 305/2011

Essential characteristics 
Annex I No. 7

Product property Performance of a construction product by level or class
Article 27

Reusability Selective dismantlability I. Dismantlability
A. simple dismantling
B. demanding dismantling of e.g. system components
C. difficult dismantling of e.g. composite materials

II. Recommended reusability check
A. Visual check,
B. partial repeat of checks according to standards,
C. complete repeat of checks according to standards, or
D. reuse excluded

Recyclability Material
→	 Designation

Dependent on method
→	 Standard recycling method
→	 Manufacturer take-back
→	 Thermal utilization or landfilling

I. Material designation (e.g. DIN EN ISO 1043 1 [191],  
DIN EN 10020 [274], wood type, concrete strength class as in 
Eurocode 2 [275] etc.)
II. Recyclability
A. Standard recycling method
B. Manufacturer take-back
C. Disposal or landfill

Recycled content Mass balance in % A.  80–100 %
B. 30–80 %
C. 0–30 %

Durability Very durable
Durable
Not very durable

e.g., for components of the shell
A. > 50 years
B. 20–50 years
C.  < 20 years

Closing material loops requires, for example:
→	 Product standards as a barrier to market entry, providing 

information on durability, reusability, recyclability, 
environmental compatibility and use of recyclates

→	 Test standards that allow classification/qualification for 
the reuse of parts or components

→	 Material-specific recyclate standards, with which the pro-
cedural processing process is specified and the process-
ing success can be tested. Recyclate standards include 
test methods and quality criteria for materials that have 
undergone a recycling process. Regulation (EU) 305/2011 
does not provide for this type of standard

Need 7.2: Extension of standards to include dismantling
In the interests of resource efficiency, the preservation of 
existing buildings is generally preferable to new construction. 
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There is a need for standardization in the definition and 
description of these five levels, which are described below.
→	 The building level: The neutrality of use allows flexibility 

as well as adaptability and changeability; this means 
longevity of the floor plan structure. The potential for 
conversion and additions to existing buildings means 
conservation of resources and savings in grey emissions.

→	 The building component level (e.g. external wall, floor, 
internal wall, etc.): This level consists of layered groups 
of building elements. The non-destructive dismantling of 
the entire (standardized) building component guarantees 
its reuse elsewhere, in other structures.

→	 The building element level (e.g. load-bearing element/
structural layer, window, door, sunshade element, 
etc.): Building elements are comprised of components. 
Standardized elementization systematically structures 
the building component and increases reusability. The 
dismantlability at the component level allows an adapta-
tion to replacement cycles depending on the tectonically 
detachable element groups (e.g. exterior and interior 
cladding).

→	 The component level (e.g. frame, sill, wood-based panel, 
fastener, electrical outlet, etc.): Standardization, grade 
purity, reversible compounds and freedom from pollut-
ants guarantee dismantlability from the component level 
and subsequent reuse and recycling of the components. 
Non-destructive dismantling (reversibility) is achieved by 
means of positive-locking connections.

→	 The material level (e.g. wood, clay, concrete, steel, fibres, 
etc.):

Structures built in the future will be designed and constructed 
with flexible floor plans to ensure that they can accommodate 
a variety of uses over many decades. In terms of circularity, 
therefore, there is a need to move away from monofunctional 
floor plans and buildings. Demolition followed by new 
construction of structures should be avoided. Exceptions 
should only be made on the basis of load-bearing capacity 
and serviceability that cannot be verified (for example, 
fire protection, sound insulation, vibration). However, the 
requirement to provide verification implies an obligation to 
obtain a permit for demolition work, i.e., a departure from 
the notification requirement in German state building codes. 
An alternative dismantling must also be justified by a sustain-
ability assessment in which the avoidance of CO2 emissions, 
resource conservation, resource consumption by new con-
struction/conversion/expansion, and economic efficiency are 
each included in the assessment in equal measure, e.g., 1/4 
each. In addition, the qualification/training for architects and 
engineers must be expanded to include the preservation of 
existing buildings. There is a need for standardization in the 
expansion of existing standards to include the requirements 
described and, more specifically, in the standardization of 
verification and test methods.

Need 7.3: Requirements for building element catalogues 
according to a uniform classification system
The evaluation of structures can be standardized if uniform 
classification systems and component catalogues (lists) are 
made available. An example of a classification is given in 
Figure 34. The levels are described below.

Figure 34: The different levels of recyclability of structures, here using timber construction as an example  
(Source: Graf, J., Birk, S., Poteschkin, V., & Braun, Y. (2022) [276])
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tory) building passport, and how a building passport is to 
be created as a result of the preceding, open questions. The 
content design, assessment methodology, and information 
gathering requirements are also largely undefined. Without 
a uniform regulation of the open questions concerning the 
building passport, a wide and efficient establishment of this 
auxiliary tool is hardly possible.

The requirements for the building passport correspond in 
essential points to the requirements for the digital product 
passport (DPP) The building passport is intended to provide 
the owners, users, planners and craftspersons in the con-
struction phase, during the utilization phase and at the end of 
use with information about the type and quantity of products 
used, the type and extent of their use, the type and extent 
of resource and energy consumption during production and 
use, including information on the use and recycling of the 
respective products and materials (circularity, recyclability) at 
the end of their lives. A building passport contains the collec-
tion of all digital product passports of the building materials 
and system components used in the building, supplemented 
by the use-related changes made by the occupants, including 
possible contaminant inputs.

A particular focus of building passports should be to distin-
guish between the challenges of new construction and the 
existing building stock. While in new construction, complete 
documentation is possible with the delivery of the products 
to the construction site, in existing buildings, a building pass-
port can only be created and supplemented with the newly 
added products as part of the stocktaking process during 
refurbishment and modernization.

Within the framework of standardization, a general defini-
tion of the term “building passport” and its contents should 
be provided in the first instance. For example, the building 
material passport, the building resource passport and others 
are integral parts of the product passports and thus of the 
building passport.

In the medium term, standardized methods and tools for 
a digital building resource passport assessment should be 
made available. In this context, the content of the building 
passport, the definition of parameters for the assessment of 
circularity, and the modular scope of the consideration both 
temporally and spatially (temporally, for example, in terms of 
the phases of the life cycle according to DIN EN 15804:2022, 
Sustainability of construction works – Environmental 
product declarations – Core rules for the product category 

This allows building-related, standardized and reliable as-
sessments of durability, maintenance, serviceability, dismant-
ability, recyclability, and resource and energy consumption 
(including grey energy).

Need 7.4: Adaptation of existing standards in the context 
of flexibility of use and longevity
Sustainable construction determines our future because it is 
climate-friendly, reduces resource consumption and avoids 
waste. Resources are to be integrated into biological and 
technical cycles. The linear economy must give way to the Cir-
cular Economy. The construction industry is obliged to ensure 
waste prevention, greenhouse gas emission reduction, and 
resource conservation. Structures must therefore be designed 
for flexibility of use and thus for a long service life (> 100 years 
or more, instead of 50 years as before) which is to be verified 
in the design and construction. New construction should only 
be approved if evidence of need is met.

The current life cycle assessment of buildings is based on 
linear economics (raw material extraction/product creation/
construction/use/disposal/combustion (using wood as an 
example)). This should change based on VDI 2243 [277] taking 
into account the material cycle – reuse, further use, recycle, 
further recycle. DIN EN 15978:2012-10 [283] should be adapt-
ed to the Circular Economy. CO2 emissions are to be coupled 
with resource consumption in a sustainability assessment, 
and limits are to be set for this in order to avoid CO2-intensive 
recycling processes.

BUILDINGS

Need 7.5: Requirements for a building passport
Buildings are very complex and are assembled and operated 
as a whole from a variety of different products. In this pro-
cess, the shell components usually remain for the entire life 
cycle and are at best partially supplemented or replaced. In 
contrast, the building components of the structural and tech-
nical equipment are replaced and exchanged several times, 
depending on their service life. Therefore, the creation of a 
building passport or a building certificate is associated with 
a large number of open questions, which are not covered by 
national and European standardization. At the current time, 
there is no uniform procedure for dealing with a building 
passport. The uncertainties regarding the building passport 
already start with the definition of the term and thus with the 
understanding of what the building passport is, what signifi-
cance is to be attached to it within the building industry, what 
are the concrete objectives of the introduction of a (manda-
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→	 Evaluation of the complexity requirements of a building 
and a guide to which cases which technologies/complex 
construction methods can be applied

→	 Guideline for the reasonableness of different technol-
ogies for different user groups, as well as definition of 
requirements for tolerant behaviour of the building as 
regards misuse and defects

→	 Description of how to calculate and evaluate the occu-
pancy costs of a building as part of the low-tech/high-
tech trade-off to ensure functional and value preserva-
tion

Rethink

MUNICIPALITIES

Need 7.7: Standardized planning, calculation and 
evaluation tools for municipalities and regions in the 
transformation to a Circular Economy 
The most significant challenge facing municipalities will be 
the transformation from municipal waste management to a 
product Circular Economy. Here, the EU Parliament aims for 
Europe to be waste-free by 2050 and for all products to be 
reusable, easy to repair, recyclable and free of harmful sub-
stances [2]. Since the Circular Economy relies on a circular in-
frastructure, this continues to be a matter of general interest 
for municipalities in many cases. So far, there is uncertainty 
in the municipalities as to what the transformation to circular 
value creation should look like and what tasks need to be 
performed. Orientation can be provided here by municipal 
heat planning, which is currently to be enshrined in law by 
the federal legislature [286].

This process could be supported by a guide that contains 
standardized planning, calculation and evaluation tools. 
This guide should consider all aspects of the Circular Econ-
omy, including strategic land use planning and circular land 
use management, infrastructure measures for reuse and 
repairability, management of the most volume-significant 
energy, material and product flows, e.g. in the construction 
industry, and opportunities for municipal Circular Economy. 
This guide would show how Circular Economy potentials are 
to be identified in the municipalities, how networks are to 
be established or expanded and how the municipal/regional 
participants in the administration, politics, economy and 
civil society are to be integrated, which goals can be set and 
measures derived, as well as how the relevant employees 
can be qualified. The municipalities and regions should 

of construction products [284], and spatially, in terms of the 
physical building model) must be defined in particular within 
the framework of standardization.

Need 7.6: Circular design (modularity, adaptivity and 
low-tech strategy)
In the course of digitalization and with technological pro-
gress, the possibilities for controlling and monitoring build-
ings and their conditions are constantly expanding. On the 
one hand, this holds a great deal of potential for reducing 
energy consumption during the building’s utilization phase, 
but it often presupposes a certain understanding and willing-
ness to adapt usage behaviour (for example, window venti-
lation) and, in the worst case, can lead to increased energy 
consumption in the event of incorrect behaviour. In addition, 
resources are also required for the installed technology, so a 
consideration must be made as to when this additional raw 
material use is justified by increased efficiency gains in the 
utilization phase. Moreover, with the increasing complexity 
of building technology, interactions are sometimes difficult 
to predict. In order to keep buildings usable for as long as 
possible, the occupants’ comfort requirements must be taken 
into account without at the same time overburdening them 
with increased effort or confronting them with necessary us-
age behaviour that is difficult to implement individually. The 
use of actuators and sensors can lead to resource savings in 
adaptive buildings if this means that the supporting structure 
uses less material (for example, vibration dampers against 
wind/earthquakes). A trade-off must be made between the 
resources required for the actuator/sensor system versus the 
resource savings in the leaner design.

Modular construction has much potential for the effective 
Circular Economy through reuse or repurposing of individual 
modules in other buildings or the same building. However, 
there is still an enormous need for research in this area, from 
which a need for standardization may develop in the long 
term. Here, the following aspects in particular are suitable 
for standardization.
→	 Guideline for comfort requirements as well as updating 

and anchoring of the criteria, e.g. in the information por-
tal Sustainable Building of the Federal Ministry of Hous-
ing, Urban Development and Building (BMWSB) [278]

→	 Guidelines for determining real construction needs (func-
tional and utilization requirements), for documenting 
and making decisions transparent during the planning 
phase, and recommendations for dealing with conflicting 
goals (for example, in the form of a decision/evaluation 
matrix)
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Criteria for the flexibility of building structures and the sepa-
rability of interior spaces for subsequent use should also be 
defined. Recommendations should also be formulated on 
floor plan structures that also allow for conversion to other 
use classes with the recommendation that these require-
ments be considered primarily for these specific buildings. 
It is also necessary to specify requirements for the building 
envelope in order to be able to carry out a future building 
extension easily and, for example, by reusing the exterior 
walls, as well as to define a flexibility level that should be 
maintained depending on the building class.

METHODS AND TOOLS

Need 7.9: Define overarching terms, supplement  
missing terms and harmonize terms already used in 
standardization
In standardization, many terms already exist on the subject of 
circularity, which are often used synonymously, sometimes 
misleadingly, and are blurred. As an example, consider the 
terms reuse, recycle, and recycled content. The goal of the 
definition of terms must be that a uniform use of language 
leads to the establishment of a Circular Economy in which 
materials circulate in closed cycles in a high-quality manner 
This also requires the redefinition of terms and a delineation 
of concepts such as recycling and downcycling. With regard 
to the definition of material groups, the description and illus-
tration of the materials should allow for the broadest possible 
application and processing and not be designed for individual 
areas. For this purpose, it makes sense to have as neutral and 
clear a structure as possible for the material groups and types 
in a designation system.

Need 7.10: Harmonization of existing methods and tools
There is currently no standard for the evaluation of circular-
ity. Various methods exist that assess circularity at different 
levels (building, component, building product, and material 
levels) and with different indicators. A uniform/standardized 
assessment of circularity on building, component, building 
product and material level, as well as building services is 
urgently needed – also with regard to the presentation of 
circularity assessments in digital building resource passports.

There are various methods for assessing the aspects in order 
to be able to assess circularity at the building, component, 
building product and material levels. Here, too, there are not 
any standards yet, and thus there is a great need for stand-
ardization in order to create an agreed assessment for circu-
larity in construction General requirements to be formulated 

independently determine their raw material potentials, but 
also their secondary raw material requirements, anchor the 
Circular Economy in existing concepts and plans and build up 
the necessary infrastructure and networks for this purpose.

BUILDINGS

Need 7.8: Design and construction principles for adaptive 
building structures
Since many resources are required for the construction of 
buildings, it is all the more important to keep the buildings 
in the utilization phase for as long as possible. In addition to 
ageing caused by the utilization itself and by environmental 
influences, changing needs of the users, e.g. due to the availa-
bility of new technologies or new legal requirements, are also 
reasons that make a building unattractive. Currently, conver-
sion and refurbishment measures are often very expensive, 
so that on the one hand they are delayed for a long time and 
thus further exacerbate the problem, and on the other hand 
they are realized by investors who convert the building fabric 
in a way that generates as much income as possible with as 
little cost input as possible.

Standardization activities should differentiate requirements 
for new buildings so that they can be used longer in the future 
and more easily converted and reused before core renovation 
or even dismantling is necessary. In addition, guidelines are 
needed for the conversion and renovation of existing build-
ings. Since an upward trend in land use per person has been 
observed for years, further increasing resource consumption, 
recommendations for land-efficient construction for various 
uses are also needed.

In this context, it makes sense to draw up guidelines for 
the development of floor plan and building structures that 
can also meet changing functional requirements. For this 
purpose, different utilization classes should be defined (see 
e.g., the BNB criteria [279]), which provide the framework for 
general functional requirements and their flexibility. Based 
on this classification, it would also be conceivable to recom-
mend or even prescribe priority use scenarios of the same 
class for subsequent use. For example, the addition of loads 
according to DIN EN 1991-1-1 [280] would be useful, with 
which the structure is designed for the corresponding use. 
In this context, criteria for the building’s surroundings would 
also have to be defined for the individual classes so that the 
location and infrastructure (accessibility of facilities relevant 
to use) are still appropriate for the same use class decades 
later.
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luminaires must undergo renewed CE or VDE testing to meet 
safety requirements, protection classes and standards. Thus, 
second use requires re-testing according to current regula-
tions. Secondary raw materials are only recycled if someone 
takes responsibility for the required properties and qualities. 
The implementation of e.g., an approval in individual cases to 
guarantee properties and qualities exceeds time and financial 
framework conditions.

It must be clarified whether, which and under which condi-
tions regulated construction products may be newly installed 
as regulated construction products without renewed testing. 
Clear catalogues of criteria must be used to create an evalua-
tion basis that favours efficient and economical reuse. Legal, 
structural and normative framework conditions must be cre-
ated that reduce the costs of determining and guaranteeing 
properties and qualities to an acceptable level. Existing stand-
ards are to be reviewed and adapted with regard to possible 
exclusions for the reuse of used products.

Refurbish

BUILDINGS

Need 7.13: Data acquisition on site 
The basis for assessing the recyclability of building materials 
in existing buildings is a comprehensive acquisition of data 
on site. All materials should be precisely measured, count-
ed, described according to all apparent properties, photo-
graphed and supplemented with product and manufacturer 
information, which is then stored in the building resource 
passport. The assessment of the existing fabric with regard to 
structural preservation (e.g. concrete supporting structure) 
and material preservation/reuse are to be considered in par-
ticular. Standards can define criteria for an event-related data 
collection and the person responsible for it, and a guideline 
for the collection and evaluation of the inventory (scope, level 
of detail, content, procedure) can be developed.

Need 7.14: Selective dismantling
Selective, value-preserving dismantling means that previously 
described building components and materials are removed 
in a non-destructive manner. They must be packaged and 
stored in such a way that they are not damaged, their quality 
is not degraded, and their properties are not altered. A dis-
tinction must be made between structurally relevant building 
components and finishing elements.

for methods and tools for assessing the circularity of build-
ings are, in particular, the input/output option for Building 
Information Modelling (BIM)-less projects and interfaces to 
BIM (IFC standard according to ISO 16739-1:2018 [281]), the 
standardized description of components and materials (e.g. 
using BIM standards buildingSMART [282]), and an assess-
ment method for the quality of input data.

Need 7.11: Clarification of the interfaces to the building 
life cycle assessment (LCA) as well as modifications to 
DIN EN 15804
Since LCA is only suitable to a limited extent for assessing 
aspects of circularity as well, further assessment methods are 
required For example, installation, assembly or composite 
situations are not covered or taken into account by the LCA. 
However, these are crucial for dismantlability and the assign-
ment of correct possible end-of-life (EoL) scenarios within 
the building life cycle assessment according to DIN EN 15978 
[283] and DIN EN 15804 [284]. That is, a parallel circularity 
assessment can help to refine an LCA for buildings at the end-
of-life (modules C and D [284]). However, DIN EN 15804 [284] 
must also provide corresponding scenarios for this purpose. 
For example, there is no scenario for Module D that depicts 
the reuse of a building product or material. Up to now, there 
are generally only scenarios for material or thermal recycling. 
Reuse is not covered. Thus, the benefits of a building product 
that could be reused could not be correctly represented in 
a product-specific life cycle assessment (LCA) dataset (EPD) 
[284] or generic LCA dataset according to EN 15804 [284] and 
also consequently in a building LCA.

Reuse

BUILDINGS

Need 7.12: Review of normative framework/regulations
In planning, it is legally and financially more advantageous 
to use new, well-defined materials with a manufacturer’s 
warranty. Reuse is hindered by technical specifications 
and directives. Components with special requirements 
are regulated on the basis of standards and specifications 
via liability law. The Construction Products Regulation is 
authoritative for regulated construction products. Construc-
tion products already in use are non-regulated construction 
products [272]. They must regain the status of a regulated 
component through certification or testing in order to be 
installed. Bricks, for example, must undergo approval on a 
case-by-case basis in the process of reintroduction, while 
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Standards can define criteria for the preparation of a disman-
tling concept for structurally relevant building components 
and finishing elements, as well as criteria for the further 
training of dismantling companies on selective, resource-
conserving dismantling, and concepts for the collection of 
usable secondary materials prior to dismantling. In relation 
to decommissioning and dismantling of renewable energy 
generation facilities, Need 2.10 in Chapter 2.2 can also be 
considered.
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3 
Cross-cutting topics



practical application, which are then further used and 
communicated internally or externally.

Sustainability assessment systems form an important basic 
structure of information management in a Circular Economy. 
These systems generally consist of three generic elements:
→	 Information gathering – data basis;
→	 Evaluation and impact assessment – decision support;
→	 Preparation – control/planning, monitoring, external 

reporting (indicators).

A comprehensive sustainability assessment system is usually 
supported and operationalized by appropriate standards and 
specifications. The basic structure of a sustainability assess-
ment system is shown in Figure 35.

In general, the accumulation of data, the development and 
adaptation of methods, and the standardization of purpose-
specific processing occur in an iterative process. The estab-
lishment of standards and specifications, as well as guide-
lines for the application of certain methods or systems, is an 
indispensable and empowering process of this development.

There is a wide variety of approaches to sustainability assess-
ment, many of which have emerged independently and in 
different fields. At the same time, however, there are numer-
ous efforts (especially in standardization) to harmonize this 
heterogeneous landscape of sustainability assessment sys-
tems, as well as the underlying methods, data and reporting 
formats (e.g., new EU standards for sustainability reporting). 

Work on the Standardization Roadmap has shown that there 
are the following five essential cross-cutting topics that can-
not be assigned to any key topic alone, but must be discussed 
in a broader context: sustainability assessment, life exten-
sion, digital product passport (DPP), end-of-waste (EoW) and 
recyclability. 

It is worth noting here that the cross-cutting topics identified 
are not predetermined topics, but rather have emerged from 
the work and discussions in the individual key topics. Thus, 
a cross-cutting topic can be understood as a focused view on 
the respective key topics. However, the goal is not to identify 
fundamental needs related to the cross-cutting topics, but 
merely to provide an integrated discussion of the needs iden-
tified in each of the key topics. At the end of each of the five 
individual cross-cutting topics is an overview with references 
to the relevant standardization needs from the point of view 
of the key topics.

 3.1 	 Sustainability assessment

Basic structure of sustainability assessment systems
Just as the transformation process towards a Circular 
Economy within industrial production is progressing, new 
or updated sustainability assessment systems are continu-
ously emerging, as well as the standards and specifications 
that govern them. In parallel and often with a time lag to the 
primary scientific (further) development of the methods and 
tools, extensive data and information are generated through 

Information gathering - Data basis
Evaluation and impact 
assessment - Decision 

support

Preparation –
Control/planning, monitoring, 

comparability, indicators

Standards and specifications

• ISO 14040/44
• ISO 14025
• ISO 14067
• GHG Protocol
• ISO 50001
• ISO 14001
• EMAS
• …

Circularity through continual improvement processes; 
validation/updating of the data basis, methods and indicators Sustainbility assessment system

Internal primary data (site-/product-/process-
specific)

External secondary data

Methods and tools Reporting formats and regulations

Figure 35: Structure of a sustainability assessment system (Source: DIN)
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cussed and applied in the scientific community in the context 
of the “Consequential LCA”  5 [287]. Overall, however, it can be 
said that the quantification and interpretation of potential 
environmental impacts associated with the implementation 
of Circular Economy strategies cannot be described, or can 
only be described inadequately, using the common approach 
to LCA (i.e., “attributional LCA”)5 [287]. This is due to the fact 
that there is little methodological guidance available for the 
life cycle assessment of large-scale changes affecting the 
market at the meso and macro levels. Appropriately adapted 
standards could thus help in the development and safeguard-
ing of policy targets and measures that lead to the desired 
macroeconomic effects. Although the boundaries between 
the individual levels can sometimes become blurred in the 
context of LCA, LCA and the tools derived from it mostly 
target the product level. However, the product-related tools 
of the Circular Economy should not be understood as an end 
in themselves. The goal of all measures is to achieve greater 
sustainability in line with the 17 United Nations Sustainable 
Development Goals (UN SDGs) [203]. LCA makes the contribu-
tion to sustainability visible and comparable. If sustainability 
potential is lost in the transition to the product level of the 
Circular Economy, or if the transition to the product generates 

5	 Life cycle assessment (LCA) can be divided into two generic modelling 
approaches:

	 → Attributional LCA: Description of the state of the environmental 
impacts attributed to an average product

	 → Consequential LCA: Consequence of actions affecting a product 
system (e.g., changes in product design or production volume)

This makes collected data and information more comparable 
and reliable, which is an indispensable prerequisite for a 
Circular Economy.

For the sake of simplicity, it can be assumed that specific or 
clearly definable sustainability assessment systems follow 
the logic presented in Figure 35, regardless of whether they 
assess ecological, social or economic sustainability. 

Therefore, the needs identified in the context of the key top-
ics will be discussed accordingly. Particularly in the context of 
the Circular Economy, it still seems important to distinguish 
sustainability assessment approaches not only on the basis 
of the three dimensions of sustainability, but also to consider 
their respective boundaries of consideration (levels) (see 
Figure 36).

Assessment of ecological sustainability
Life cycle assessment (LCA) is considered the most important 
method of product-related environmental assessment and 
can be seen as the conceptual core of various other sustain-
ability assessment methods. LCA has an inherent life cycle 
perspective, which in turn is indispensable for a comprehen-
sive assessment of (circular) economic activities.

Depending on the characteristics and application of the 
methodological principles, LCA can also assess ecological 
implications at the meso or macro level that are related to 
product and service systems. The methodological principles 
and framework conditions for this are already being dis-

Micro level
(product level)

Meso level
(sectors, technologies, product 

groups)

Macro level
(macroeconomic level)

Ecological Economic Social

e.g., national accounts, criticality of 
supply... ...

e.g., input-output analysise.g., ecological input-output analysis e.g., social input-output analysis

e.g., material flow cost accounting
(MFCA), life cycle costing (LCC)e.g., life cycle assessment (LCA) Social LCA

Figure 36: Differentiation of assessment approaches based on the three dimensions of sustainability and respective levels 
(Source: DIN)

Standardization Roadmap Circular Economy – 161

CHAPTER 3 – Sustainability assessment



→	 Uniform circularity indicators should be defined as part 
of the assessment and impact assessment. Furthermore, 
clear rules are needed on when and under which cir-
cumstances weighting and/or prioritization of individual 
environmental impact categories is allowed.

→	 There is also a need for further standardization in the 
processing of results and their communication. For stand-
alone LCAs, this is already regulated in many cases by the 
corresponding formats of environmental product decla-
rations. However, such a regulation does not yet exist for 
comparative LCAs, which will become increasingly impor-
tant especially in the context of the Circular Economy.

Summary:
Although the Circular Economy is a macroeconomic mod-
el, the focus of the assessment of corresponding goals and 
measures (cf. 1.6.3 R-strategies) is often on the industrial 
product. This is also reflected in the context of materials and 
chemicals policy, resource conservation strategies and the 
Ecodesign Directive as part of the European Union’s inte-
grated product policy. This product-centric view is further 
manifested by the digital product passport (see Chapter 3.3). 
Although the overarching goal of the Circular Economy is 
overall societal resource reduction and stewardship, current 
sustainability assessment often requires product-level assess-
ment. This also highlights a dilemma of sustainability assess-
ment. On the one hand, very specific assessment approaches 
are required and needed, which inevitably leads to increased 
complexity in LCA practice. On the other hand, there is a need 
for assessment approaches that are less specific, simpler, and 
thus accessible to a wider group of stakeholders.

Assessment of economic sustainability
For the assessment of economic sustainability, there are 
comparable methods to LCA with LCC (life cycle costing) [290] 
and MFCA (material flow cost analysis) [291], which follow the 
logic of sustainability assessment systems described above. 
However, data acquisition is even more complex here, as ma-
terial and energy flows have to be converted into monetary 
values and other costs (such as investment, wage and waste 
management costs) have to be determined and included. In 
addition, indirect environmental costs arising from in-house 
environmental protection can also be taken into account. 
The above-mentioned costs can be summarized as system 
costs and allocated to products, by-products and wastes, as 
well as to the individual process steps by means of allocation 
procedures. It would also make sense to include all resource 
consumption costs over the entire life cycle (e.g., costs due to 
environmental destruction during the mining and processing 

the need for new Circular Economy measures, such as the 
service idea, (global) assessment systems, e.g., at the mate-
rial, energy, substance, financial, or business model level of 
the Circular Economy, are to be preferred. Standardization 
in the context of LCA ensures maximization of sustainability 
potential, incorporating all contributions including Circular 
Economy measures.

Standards and specifications should fulfil the following key 
tasks and functions in the context of environmental sustaina-
bility assessment in a Circular Economy:

1. Creation of a common understanding and orientation 
for application
The broad application of LCA in science and industry can 
be seen as a success of standardization. This evolution has 
simultaneously led to a variety of novel expressions of the 
method and accompanying standards or consortial frame-
works. There are numerous efforts to harmonize LCA practic-
es not least because of these developments. The European 
Commission’s initiatives in the development of the product 
environmental footprint (PEF) [166] are particularly notewor-
thy in this regard. Due to the partial inconsistencies between 
the PEF and the relevant standards (DIN EN ISO 14040 [80] 
and DIN EN ISO 14044 [81]), it is recommended that European 
and international activities be coordinated and the methodo-
logical differences classified or resolved. Ultimately, stand-
ardization could provide suitable guidance and reduce the 
existing uncertainty or lack of knowledge about the targeted 
application of LCA methods and tools. Such guidance is also 
desirable for the ultimate systematization and selection of 
appropriate LCA approaches. Concrete examples are the 
orienting and prospective (ex-ante) life cycle assessment, in 
order to enable suitable decision-making support in the early 
phases of the product development process.

2. Ensuring comparable information
The resilience as well as comparability of LCA results are 
being increasingly critically viewed. Compliance with 
the international standards DIN EN ISO 14040 [80] and 
DIN EN ISO 14044 [81] alone is not sufficient for this purpose, 
as these generally applicable (horizontal) standards still offer 
too much leeway and are thus susceptible to “standard-com-
pliant” manipulation. Accordingly, it is recommended to de-
fine further rules for the individual elements (see Figure 35):
→	 With regard to data acquisition, increased transparency 

and standardized disclosure of underlying assumptions 
and data quality appear essential (e.g., through aggregat-
able data quality indices).
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inter- and transdisciplinary research is needed, which should 
result in the development of a standard.

Holistic assessment of sustainability
When it comes to “sustainability”, a distinction is usually 
made between the three dimensions – “ecological”, 
“economic” and “social”. In the context of standardization, 
ecological assessment has so far been best represented, 
although there is also a need for further standardization in 
this area. A new approach would be to develop a method in 
which the three dimensions mentioned above are assessed 
together. Corresponding needs were formulated in the key 
topics:
→	 Packaging: Creation of a “Basic standard for sustainability 

assessment based on the three-pillar model”
→	 Textiles: Combination with other sustainability aspects 

(economic, social) as well as with other products
→	 Electrotechnology & ICT: Orientation for dealing with 

conflicting goals between individual parameters
→	 Plastics: Criteria for uniform labelling of products

In addition, a fourth sustainability dimension is taken into 
account in further approaches. This dimension can be “cul-
ture”, “health,” “organization,” or “leadership,” depending 
on the perspective. In addition, the 17 UN SDGs [203] with 
their sub-goals and indicators can be used for a sustainability 
assessment. This last approach is probably the most compre-
hensive, inter- and transdisciplinary.

of primary materials). It is through the latter that the gains 
from the Circular Economy could be monetized.

The introduction of the R-strategies is also expected to reduce 
the demand for primary materials and thus the economic 
dependence of resource-poor countries on resource-rich 
countries. This can be achieved by incorporating supply criti-
cality into economic sustainability assessment systems (e.g., 
via a bonus system).

Research is still needed to establish a uniform and com-
prehensive economic sustainability assessment (see also 
Need 5.4: Methods for the assessment of the conformity of 
economic sustainability).

Assessment of social sustainability
The assessment of social sustainability has recently become 
increasingly important in various contexts. These include 
corporate sustainability reporting (CSR) [292], which is 
mandatory for ever more companies, and the German Supply 
Chain Due Diligence Act (LkSG) [256]. For both, topics such 
as occupational safety, working conditions, and human and 
children’s rights must be evaluated. In addition, assessments 
of social aspects (such as the “gender dimension”, among 
others) are also required in the sustainability assessment 
of technological processes (for example, in the EU Horizon 
2020 framework program [294]). There are still few methods 
for this (e.g., social LCA) and no comprehensive methods, so 
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 3.2 	 Life extension

Various R-strategies can be considered for product life ex-
tension. In addition to the R-strategies “reuse” and “repair”, 
which are relevant for all products in the various key topics, 
“refurbish”, “remanufacture” or “repurpose” have a different 
priority depending on the product, or in some cases play no 
role at all.

In addition to the professional reprocessing of a product for 
one’s own use, the extension of the utilization phase also 
brings into play the aspect that a change of owner can take 
place. In Germany today, the consumption of second-hand 
goods only plays a role in certain segments, such as mobility. 
In the meantime, however, a second-hand market has also 
emerged for various electronic devices (smartphones, tablets, 
etc.). The decisive factor for choosing a used product is the 
(high) price of the new product. For products that are availa-
ble on the market both as low-cost, low-quality products and 
as high-priced, high-quality products, consumers often opt 
for the lower-cost virgin product. One reason is the desire to 
afford “something new”. This behaviour is particularly evi-
dent in the area of fashion. The fast fashion business model is 
designed to make and sell clothes cheaply so that people can 
buy new clothes often. Shopping behaviour is also strongly 
influenced by the social environment and social media.

Price sensitivity is also noticeable in the case of plastic recy-
clates. In principle, high-quality recyclates are good to sell 
because they are also versatile for different applications, e.g., 
recyclates from PET bottles or other recyclates from selective 
collection. Since such materials are sometimes more expen-
sive than virgin materials, some industrial customers are also 
more inclined to reach for virgin materials of at least the same 
quality and at lower cost.

In order to strengthen the R-strategies “repair”, “reuse” and, if 
necessary, “repurpose”, it is necessary to change the behav-
iour of consumers to buy more used goods in the future. In 
this context, (new) business models may emerge that focus 
on maintaining the functionality of the product, as well as 
leasing and rental models (pay-per-use, product-as-a-ser-
vice). In these models, ownership remains with the lender 
or lessor, who ensures the functionality and quality of the 
product for the agreed period.

Common needs
In all key topics that identified product life extension as an 
important contribution to the Circular Economy, the follow-

ing needs were developed, although some of these differ in 
terms of specifications or requirements depending on the 
product. These differences are shown in the individual Needs.

Design standards for longevity and repairability
In general, good initial quality determines the service life of a 
product. Particularly with regard to the key topic of “textiles”, 
it was pointed out that a change in thinking from fast fashion 
to high-quality clothing is a prerequisite for reuse and the 
development and establishment of new business models to 
succeed. In the case of electrical and ICT products as well as 
batteries, the need lies in the ability to install or remove spare 
parts non-destructively for components that are suscepti-
ble to wear. In any case, in all key topics it is agreed that the 
design phase is of great importance for the longest possible 
product use. In general, there is also a need for a basic deter-
mination of what the expected service life of a product should 
be; this can be quite different depending on the product and 
its function. In addition, it was found that in terms of longev-
ity, the repairability and recyclability of the product should 
also be considered.

The need for recyclable or reusable products was seen for 
packaging and textiles. In the textile sector, single-use prod-
ucts are often used for hand drying or in the medical sector. 
In the packaging sector, sales packaging in the B2C sector 
is designed as single-use products. Product standards and 
specifications can help to promote textile multiple use prod-
ucts or reusable packaging. In addition to material selection, 
hygiene and quality aspects, take-back systems or leasing or 
rental models should also be supported in this context.

Product information
All key topics of this Roadmap have in common that, in addi-
tion to comprehensive and consistent product information, 
usage history is particularly relevant for secondary users. 
This creates transparency and trust in the purchase of a used 
product. For the replacement and installation of components, 
it was mentioned in this context that an update of the usage 
history is considered useful, as the warranty conditions for 
these components may change. The use of a digital product 
passport (See Chapter 3.3) can facilitate the update of the 
usage history.

Repair index/quality index
To make purchasing decisions easier for both consumers 
and leasing or rental companies, standards are needed that 
evaluate a product’s quality, expected life, and repairability. 
These requirements must be developed on a product-specific 
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that determine at which change the original manufacturing 
company of the product is still responsible or from which 
point on the repairer or also the seller of a second-hand 
product is liable for the product as the new person placing 
it on the market. In this context, there is a need for a norma-
tive basis on which tests are to be carried out during repair, 
reprocessing or remanufacturing in order to restore the type 
approval or certification of a product. The experts agree 
that functional and safety-relevant changes should only be 
undertaken by professional service providers who also take 
responsibility for them. These criteria can form the basis for 
the establishment of a legal framework for markets in the 
field of reprocessing of products and used goods.

Looking ahead
Extending the useful life of as many products as possible 
plays an essential role in the Circular Economy. Business 
models in the “sharing economy” are only established in a 
few individual segments in Germany, such as professional 
workwear, reusable packaging systems and mobility. New 
products are often too cheap or spare parts too costly to use 
repair services; there is also little incentive for consumers to 
buy second-hand products.

Standards and standardized information help to increase 
transparency and trust in the quality of reprocessing and re-
manufacturing of products and of used goods, and thus form 
the basis for successfully establishing these business models. 
In addition, the development or expansion of communication 
technologies (such as apps, internet platforms, etc.) will make 
it easier for consumers to take advantage of second-hand, 
rental or leasing offers. However, it also requires a change 
in attitude toward consumption and possessions. In this re-
spect, these sociopolitical measures should be accompanied 
by standardization.

basis in each case. Uniform standards for definitions, parame-
ters and test methods create transparency and comparability 
of products and their components. An additional need was 
developed for electrical products, batteries and plastics, in 
particular, that the safety of consumers and repairers (prod-
uct safety and occupational health and safety) must also be 
taken into account for the repairability of products. Without 
standardized information on disassembly instructions and re-
quirements for the safety of the repairer, the repair would be 
hindered from the outset. The evaluation result, summarized 
in a repair index, would help to easily identify the repairability 
of a product. This could also include information on whether 
the product may only be repaired by authorized workshops 
for warranty claims.

In the case of used products, the previous utilization phase 
is of particular importance for potential secondary users. 
Even if the original product was of high quality, improper use 
or improper care may result in a defective condition that a 
layperson does not recognize when buying, or they do not 
know how long the expected service life for the used product 
still is. In order to increase trust in quality and transparency, a 
system of independent quality assurance should be devel-
oped, which can be applied by distributors of second-hand 
products. This information can be aggregated in a simplified 
form as a quality index for potential purchasing end users.

Availability of spare parts
Repair services cannot be performed without spare parts. The 
variety of products is huge, so standardized information for 
spare parts is necessary to facilitate procurement. Further-
more, the question must be answered as to how long spare 
parts are to be kept in stock by the manufacturing company 
if the goal is to extend the useful life of products compared to 
today. Publicly available information can also help to know 
the ageing and wear of components in order to intervene 
before a product fails (“maintenance routine” [101]). Overall, 
it is noted that cooperation in the area of spare parts, mainte-
nance and repair, as well as the provision of information via 
the digital product passport (see Chapter 3.3), can significant-
ly increase the extension of service life.

Manufacturer responsibility/warranty obligations
Repairs or the installation of new components may result in 
functional or safety-relevant changes. For various products, 
such as batteries, there is no technical framework for repair 
or reprocessing, so this may lead to a loss of type approval. 
In order to increase the confidence of consumers, but also to 
further guarantee product safety, uniform criteria are needed 
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batteries [141]. In the future, this is to replace the previously 
applicable Directive 2006/66/EC [144] and provides for an 
amendment to Regulation (EU) No. 2019/1020 [148]. One of 
the initiative’s key objectives is to promote the Circular Econ-
omy by taking a holistic view of the battery life cycle. To this 
end Article 65 prescribes: “By 1 January 2026, each industrial 
battery and electric vehicle battery placed on the market or 
put into service and whose capacity is higher than 2 kWh shall 
have an electronic record (‘battery passport’). The battery 
passport shall be unique for each individual battery ...”.

Batteries will thus be the first product group for which a DPP 
will be mandatory. For this reason, numerous stakeholders 
are currently already looking at solutions for implementing 
the battery passport. But not only the battery passport is the 
subject of research: Other industries also already offer prom-
ising implementation concepts for digital product passports 
(e.g. the Building Resource Passport [296] or approaches 
from the packaging and food industries [297]). Legislators 
associate more than sustainability and circularity with the 
DPP. There is discussion regarding the need for a DPP for all 
mandatory product information under the New Legislative 
Framework (CE Marking) [298], for related proofs of conform-
ity, access to market surveillance, etc.

Overview standardization needs for “life extension”
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 3.3 	 Digital Product Passport (DPP)

The DPP was addressed across topics as a central instrument 
for building a Circular Economy. It is intended to provide 
information that facilitates the implementation of various 
R-strategies or even makes them possible in the first place. 
The requirement for a DPP before sustainability and circular-
ity aspects was formulated concretely for the first time by the 
European Commission in the context of the European Green 
Deal [2] in December 2019. What information it should con-
tain and for which products it should become mandatory was 
initially left open. In the legislative proposal of the European 
Parliament and the Council for the Ecodesign for Sustainable 
Products Regulation (ESPR) [294] published on March 30, 
2022, more specific targets and expected steps were then 
stated. According to this proposal, digital product passports 
would be the norm for all products covered by the Ecodesign 
Regulation for sustainable products. However, it has not yet 
been conclusively clarified what the product passport – or 
more precisely, the product passports – for different product 
groups will look like and when they will be introduced on a 
mandatory basis.

Already on 10 December 2020, the European Commission 
presented a draft for a new regulation on batteries and spent 
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along the value chain, interoperability of the sector- and 
system-specific design of product passports and the respec-
tive IT systems is required. Among other things, this serves to 
avoid time-consuming manual data assignments. To achieve 
syntactic and semantic interoperability between different 
systems and organizations, standardized data structures, 
ontologies and taxonomies are needed to describe the 
products. These should build on the two aforementioned 
information needs and be based on existing standards and de 
facto standards. Data exchange formats need standards as a 
basis, such as EDI standards [302]. For event data, for exam-
ple, the EPCIS Vocabulary of GS1 [303] is worth mentioning. 
Accordingly, this would need to be specifically extended to 
include events for carrying out the R-strategies. As an alterna-
tive, the “adminstration shell” from the field of Industrie 4.0 
(DIN EN IEC 63278-1 [66]) could be applied in conjunction 
with the IEC Common Data Dictionary of IEC 61360 [304].

Data authentication, reliability and integrity
A central objective of the DPP is to enable well-founded and 
validated comparisons between products in order to incen-
tivize sustainable purchasing decisions, among other things. 
Comparability is achieved on the one hand by a common 
structure and congruence of the information to be provided 
(see, for example, Needs 1.8 and 1.9). However, it is at least 
as important to define comparable or uniform methods for 
data collection and aggregation. For example, the underlying 
measurement and collection methods and datasets could 
be defined. If consistent data collection is not possible, the 
relevant stakeholders should at least be enabled to identify 
the differences between two data points. Here, for example, 
clearly defined data quality indicators could provide sup-
port. In principle, therefore, data collection methods and the 
assessment of data quality should be specified in appropriate 
standards (see also Need 1.16).

Identification numbers (identifiers)
For the unique identification numbers, the level at which they 
are used for products must be defined. Here there are three 
possible levels: product level (model), batch level or item lev-
el. Participants in a DPP system also need identifiers for their 
organization to identify where the data came from. Further-
more, it must be defined which requirements the identifica-
tion numbers must fulfil, governance and allocation, so that 
an open system for different providers can be created.

A wide range of standardization needs for the DPP were 
identified for the seven key topics and described in detail for 
the sectors.

The DPP will be able to realize its potential when interopera-
bility is achieved across requirements, sectors and systems. 
The EU Commission already refers to the role of standardiza-
tion for the DPP at several points in the ESPR. To implement 
a DPP and the related data and digitalization-related aspects, 
DG Connect structures the necessary elements along the 
following seven points:
1.	 Data carriers and unique identifiers
2.	 Access rights management
3.	 Interoperability (technical, semantic, organization), 

including data exchange protocols and formats
4.	 Data storage
5.	 Data processing (introduction, modification, update)
6.	 Data authentication, reliability, and integrity
7.	 Data security and privacy

The framework for how the DPP could be defined is listed in 
the draft ESPR [294]. For example, this already refers to ISO/
IEC 15459:2015 [299]. This ESPR proposal is to be specified by 
“delegated acts” for each product group. With regard to the 
implementation of the battery passport, the “battery pass” 
project [300] funded by the Federal Ministry of Economic 
Affairs and Climate Action (BMWK) should be mentioned as a 
central activity. With regard to the definition of standardiza-
tion needs on the DPP to the ESPR, the EU Commission has 
awarded, among others, a Coordination and Support Action 
Project, called CIRPASS [301], which will start in October 
2022.

Information needs of different stakeholder groups
Many contributors along the value chain lack information (for 
example, about material composition) in order to keep prod-
ucts or parts of products, and thus valuable resources, in the 
system. At the same time, information sources (e.g., manufac-
turing companies) do not know what information they need 
to provide so that other stakeholders along the value chain 
can implement R-strategies. Here, standards would be useful 
to define which information is needed by which stakeholder 
group (e.g., recyclers, sorters, repairers, resellers, etc.) to 
implement the R-strategies. The “need to know” principle (no 
more data is requested than is really needed for the use case) 
is to be discussed and could provide an initial basis in the 
approach.

Interoperability of product and event data, and metadata 
through a unified ontology/taxonomy 
In order for product (e.g., material composition, colours, etc.), 
event (e.g., repairs carried out) and metadata (e.g., sustaina-
bility assessment) to be exchanged efficiently via interfaces 
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exported and imported within the European Economic Area – 
for which it would have to fulfil a large number of notification 
and documentation requirements as waste. It is precisely for 
this purpose that the European Waste Framework Directive 
[174] defines requirements for EoW criteria: Requirements 
for recyclates and their treatment processes, the fulfilment of 
which should no longer be subject to waste law but to prod-
uct law, see Figure 37.

Article 6 of the Waste Directive defines the following four 
general requirements for the development of such criteria:
1.	 The substance or object is to be used for specific 

purposes,
2.	 there is a market for or demand for that substance or 

object,
3.	 the substance or object meets the technical requirements 

for the intended purposes and complies with existing 
legislation and standards for products, and

4.	 the use of the substance or object does not lead overall to 
harmful environmental or health effects.

The European Commission can develop EoW criteria for in-
dividual wastes or leave this to the member states. The latter 
can become a challenge for the development of the Circular 
Economy, as a material may already be considered a product 
again in one country but be deemed waste again once it 
crosses the country’s border.

Overview standardization needs for the “digital product passport”
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 3.4 	 End-of-Waste (EoW)

One of the key strategies of the Circular Economy is to recycle 
waste to the highest possible quality in order to return it to 
production processes. This is done with the aim of turning 
waste back into secondary raw materials, the production of 
which is then generally associated with significantly lower 
resource consumption and CO2 emissions. Such secondary 
raw materials are freely tradable goods that are subject to the 
same legal requirements as primary raw materials. To achieve 
such status, recycled waste must leave the waste regime – and 
thus, the multitude of legal regulations attached to the han-
dling, transport or use of waste. The fundamental objective of 
these waste regulations is, at their core, the avoidance of risks 
that waste could pose to humans or the environment – they 
are therefore often very restrictive, and for good reason: The 
aim is, for example, to prevent waste that should actually be 
disposed of from simply being mixed with other materials 
instead.

The topic of end-of-waste is currently being discussed at 
various political levels (for example, adaptations to the Basel 
Convention, Annex IV [305]). The technical implementation 
varies greatly due to the lack of standards (national) and 
depending on the industry.

Clear criteria are therefore needed as to when treated waste 
is no longer considered waste but can, for example, be freely 
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In addition, they would simplify quality assurance and also 
help lower the barriers to trade and the use of secondary raw 
materials.

Standards and specifications that, for example, (i) reduce 
administrative and bureaucratic efforts to comply with legal 
regulations on health and environmental protection, (ii) help 
to increase quality assurance, and/or increase confidence in 
the safe use of secondary raw materials, would contribute to 
the sustainable establishment of a Circular Economy.

Standards and specifications support the German govern-
ment in implementing the socio-economic transformation of 
the economy described in the coalition agreement through 
the safe, sustainable and competitive use of secondary raw 
materials [1].

The development of standards and specifications can 
help overcome the hurdles created for market participants 
through heterogeneous national regulations. Guides with a 
targeted description of the legal landscape and the associ-
ated processes for exporting and importing waste/products 
would increase the willingness of market participants to 
trade or acquire secondary raw materials outside their own 
member state as well. Standards that enable monitoring of 
material flows across national borders would lead to greater 
transparency in the market for secondary raw materials and 
enable new business models in both trade and raw material 
purchasing by manufacturers. Larger quantities of material 
would be visible, could be offered cumulatively and corre-
spondingly larger raw material requirements could be met. 
Market demand could be mapped in a standardized way 
and, if necessary, considered in the context of the respective 
national and/or European legislation. Standardized reference 
methods and materials would help ensure that no health or 
environmental hazards are posed by secondary raw materi-
als.
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Requirements for recyclates 
in product legislation  
(Source: JRC 2009 [43])

Standardization Roadmap Circular Economy – 169

CHAPTER 3 – End-of-Waste (EoW)



With the guidelines for demolition and conversion of 
buildings upstream waste audits as one of the three 
measures in the Circular Economy Action Plan [306], 
the EU offers an assessment system for the methodical 
evaluation of all waste quantities and flows during dem-
olition. This does not ensure that the materials remain 
in the raw material cycles. However, these guidelines do 
not regulate which of the identified and assessed build-
ing materials lose their waste properties immediately 
after they are generated at the construction site and are 
to be returned to the cycle as secondary raw materials. 
They also do not refer to the fact that, through technical 
processes, a production of secondary raw materials from 
the waste is possible and must be considered. 

The recyclate resulting from the crushing of concrete 
structures should be compulsorily used as a raw mate-
rial in the production of concrete and only in individual 
cases should be allowed for other uses or for landfilling. 
However, this cannot be achieved with the few national 
standards, some of which are outdated. Standards are 
needed that ensure the use of the recyclate as a raw 
material substitute, for example through specifications 
for admixture when using natural raw materials, or 
technical standards for waste pretreatment for inert and 
non-inert pollutants. It is precisely the secure binding 
by the cement that is a method of immobilization at 
contaminated sites. Equalization of the anthropogenic 
pollutant loads in the recyclate with the geogenic loads 
in the raw material makes technical sense and is to be 
demanded. The aim of these rules and procedures is 
to ensure that the materials remain in the raw material 
cycle, and to define the point at which a demolition 
material loses its waste properties.

On the end-of-waste in the construction industry

Construction occupies a special place in waste manage-
ment. Structures are generally very long-lived anthropo-
genic material stores with enormous resource consump-
tion in their construction. The focus is on the mineral 
content, especially for the building materials concrete 
and brick. In Germany alone, the amount of building 
materials used is estimated at around 15 billion tonnes, 
which is almost 40 times the amount of raw materials 
used for other capital and consumer goods. These fig-
ures are also reflected in the waste statistics. More than 
half of the national waste generated in Germany each 
year is construction and demolition waste. However, the 
potential offered by high-quality use of these resources 
is not being fully exploited. One example is the extrac-
tion and further processing of concrete and reinforced 
concrete.

Direct reuse of entire components is often not possible 
for design reasons. In the case of the unavoidable crush-
ing, at least for the structures built in the past, of the 
concrete and reinforced concrete supporting structures 
and their separation, the reinforcements are almost 
completely returned to the raw material cycle, but the 
mineral portion is preferably only used for backfilling 
in road construction and civil engineering. In addition, 
a significant portion is sent untreated to landfill due to 
inert or non-inert pollutants. This downcycling leads to 
the removal of waste from the raw material cycle. The 
reasons for this are, in particular, the lack of standards 
for handling these resources, which on the one hand 
clearly describe the procedures and on the other hand 
ensure their implementation by observing and following 
them up in the approval procedures.
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involved, which can be problematic due to different interests. 
Here, “recyclability” is understood to be the ability of a mate-
rial or product to be recovered from an existing use, fed into a 
recycling process and reprocessed in such a way that any new 
product can be made from it in a technically, economically, 
ecologically and socially sensible way.

In general, “recyclability” could be defined as the ability of a 
product to be processed at the end of its service life in such 
a way that new products can be economically manufactured 
from it. The recyclability of a product depends on the tech-
nological maturity of the recycling methods as well as the 
efficiency in terms of yield and selectivity of process control. 
These conceptual approaches may not cover all aspects; 
further elaboration and generalization of this should be left to 
the appropriate body.

Recyclates here should include both post-industrial (pre-
consumer) and post-consumer materials. To set up a Circular 
Economy, it is of great importance to become aware of its 
recyclability. When it comes to reuse and recycling, both 
industry and legislation face the challenge that theoretical 
(th), technical (te) and real (r) recyclability can differ greatly 
(see Figure 38). These differences are often shaped by the 
industry, the application of the material and its availability, 
making standardization on use and recycling very difficult so 
far. As a rule, the theoretical recyclability is much higher than 
the technical recyclability and this in turn is higher than the 
real recyclability [179].

 3.5 	 Recyclability

The work of the seven key topics has resulted in five focal 
themes for the aspect of “recyclability”, which are named 
here and substantiated on the basis of the needs:
1.	 Definitions in the field of “recyclability”
2.	 Design 4 recycling/circularity and recyclability
3.	 Collection, sorting and recyclability
4.	 Information and communication and recyclability
5.	 Collecting and assessing substances and recyclability

These subject areas also overlap, but they can still be pre-
sented well on their own. However, the overlappings play a 
role in the implementation of the Standardization Roadmap, 
as freedom from contradictions must be ensured.

Definitions in the field of “recyclability”
The emerging Circular Economy needs clear definitions of its 
conceptual world in order to survive in practice. This has also 
been demonstrated in the topic discussed here. Without uni-
form, standardized definitions, confusion, misunderstandings 
and, ultimately, a loss of trust arise. The standardization tasks 
are intended to do the exact opposite. Therefore, the topics 
for definition are also deliberately at the beginning of this list. 
Clear definitions are also essential for the topics discussed 
later, especially information standards.

The standardization of the term “recyclability” is of course 
of elementary importance for the topic. There is no uniform 
definition in the literature. This leads to different interpre-
tations of the term depending on which stakeholders are 

Overview standardization needs for “end-of-waste”

Key topics Digitalization/ 
Business models 
Management/

Electrotech-
nology & ICT

Batteries Packaging Plastics Textiles Construction 
& municipal-
ities

Standardiza-
tion needs 

1.3

1.7

– 3.18 4.1

4.6

4.7

4.8

4.12

4.21

4.22

4.29

5.1

5.7

– 7.1
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→	 develop a uniform recyclability assessment metric that 
takes into account the different recycling options.

In many product areas and application sectors, there is a 
lack of standards and specifications that describe “design 4 
recycling” principles (to be defined uniformly) for increasing 
the mechanical recyclability of products, components and 
materials, and that can be given to the product developer at 
the beginning of a product life cycle in order to achieve the 
above-mentioned goals. Standards for the design of recy-
clable products should be written in such a way that they 
become binding in requests for proposals or invitations to 
tender. Even in the classification of recyclability itself and the 
coupling with specific recycling processes, there is a lack of 
technical rules and standards today that increase the recy-
clability of products and the recyclability of components and 
materials via a standardized selection of recyclable materials.

Initial guides have been developed by recycling associations 
[193], research bodies [194], foundations with statutory tasks 
[195], consultancies and consumer goods manufacturers 
mainly in the packaging sector and with a focus on mechan-

Design 4 recycling/circularity and recyclability
Design 4 recycling (D4R) or design 4 circularity (D4C) starts at 
the beginning of the product life cycle and is an important as-
pect in ensuring recyclability. Very extensive needs have been 
identified for this purpose. There are many different “design 4 
recycling” guidelines from different contributors [307], which 
are constantly being updated or are just being developed. In 
some cases, brand manufacturers and retailers create their 
own guidelines, which have a considerable influence on the 
entire market. These guidelines sometimes set different 
priorities, depending on the focus. In addition, other design 4 
recycling guidelines are in development (e.g., ReWaste F, PTS-
RH 025/2022, 4evergreen Guideline [308], [309], [310], [311]).

The design and construction of the products and the com-
ponents and materials are crucial to increasing recyclability. 
The goal should be to
→	 design products, components and materials in such 

a way that they can be used to produce high-quality 
recyclates at the end of their life cycle,

→	 design products, components and materials to support 
collection and sorting and recovery technologies, and

Theoretical 
recyclability

Real 
reyclability

up to 

With an increase in 
recyclability:

− the technical 
requirements can 
increase

− the costs can increase

− the life cycle 
assessments can 
deteriorate

Technical 
recyclability

• Theoretical recyclability includes up to 
100% of the plastic waste streams 
generated. 

• Technical recyclability describes the 
amount of recycling that is feasible 
according to the current state of the art and 
can be very high or low depending on the 
waste stream and material.

• The real recyclability reflects the actual 
recycling quantity. This is highly dependent 
on collection factors, plastic types, 
application requirements, reprocessing 
costs and transport and can be zero in 
certain product areas.

Goal of the Circular Economy: 
Increase the real recyclability of products and 
materials!

 In order to increase real recyclability, the 
technical possibilities and quality requirements 
under economic and ecological conditions must 
be further defined, expanded and brought into 
line with the 9R-strategies

The three pillars of recyclability

"th-te-r"

100 %

(r)(te)(th)

Figure 38: The three pillars of recyclability (Source: DIN, along the lines of (Pomberger 2021) [179])
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for information will have to be met by completely different 
approaches to information acquisition, provision, processing 
and backup than we know today if recycling is to be taken 
to the next level of development. This includes, above all, 
consistent digitalization. It is predicted at this point that not 
only sorting technology will change fundamentally in the next 
10 to 15 years.

Should increased interoperability lead to technical solutions 
that use the same materials, standards aimed at making this 
information available would be beneficial. The information 
generated using these standards would have added value for 
recyclability. Reference to the materials should be empha-
sized. To ensure fair competition, these standards must not 
restrict the design freedom of manufacturing companies and 
thus slow down innovation processes.

Depending on the quality of the recyclable material pro-
cessed and the process structure selected, a specific output is 
expected for each recycling infrastructure for its target prod-
uct. However, side streams can in turn end up in recycling 
plants specialized for this purpose and complement the over-
all recycling from the point of view of the recyclable material. 
For example, in a recycling plant for beverage bottles, the 
focus is on PET, while the sleeves and caps go to specialized 
plants for each. It is therefore necessary to take into account 
the cascade of the various processes and their specific yields 
in the calculation when determining an overall recovery rate. 
Discharged contaminants, if they are not further recycled, 
and portions used for energy purposes should not be added 
to a recovery quota. In addition, the removal or remaining of 
contaminants from the respective recycling processes must 
also be considered in the life cycle assessment methods.

If methods are used in which the material is mixed with other 
material flows and it is not recognizable on the product from 
which source the material originates, the calculation method 
for the output rate must be specified. If the dilution of the 
recycled raw material, e.g., with virgin material, has an influ-
ence on the processability of the material and on the output 
rate of the process, this must be taken into account in the 
calculation method. If intermediate products are produced, 
the yield should be determined on the basis of the resulting 
quantity from the subsequent process steps. If the substances 
are not used for the production of the original application, 
they should be excluded from the calculation in the sense of 
the Circular economy.

ical recycling. There is a lack of generally accepted rules 
and standards developed by all stakeholders for all areas of 
application with reference to all recycling methods in order 
to ensure a standardization landscape that is open to all 
technologies.

A further need for research and standardization lies in the de-
velopment of a guideline or recommended action for design, 
construction and processing of products in all sectors that are 
to be manufactured from recyclates or with the highest pos-
sible recyclate content from the outset. The guideline should 
serve as a recommendation as to how possible material var-
iations can already be compensated for by a suitable design 
or process parameters. This need is distinguished from the 
widespread design 4 recycling or circularity in that it is not a 
matter of designing a product to be recyclable, but of design-
ing a product so that it can be manufactured from recyclates 
in a simple, process- and application-stable manner, as well 
as economically.

Collection, sorting and recyclability
In order to be able to recycle products, you first have to get 
hold of them. Although this is actually self-evident and logi-
cal, it is not trivial in practice due to a number of difficulties.

The processes of collection and sorting, as decisive steps for 
good recyclate qualities, have not yet been standardized or 
have been standardized only inadequately. There is a need 
here for suitable standards that define characteristic values 
for composition and impurities for product or material 
groups, for example, and enable meaningful classification. In 
addition, the goal of these standards should be to increase 
the number of fractions sorted within the bounds of economic 
efficiency.

The objective here is a systematization via resulting waste/
intermediate products; this increases the possibilities of 
material pooling, reuse and economic and ecological oppor-
tunities for recycling. A systematization of the resulting waste 
and intermediate/by-products can generate economically 
and ecologically sensible material streams both within an 
industry and across industries.

Information and communication and recyclability
There is an enormous need for information in the Circular 
Economy. To be efficient and develop high level solutions re-
quires a significant amount of data, information and effective 
communication. This urgently requires clear, unambiguous 
boundary conditions and definitions. The increased need 
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Looking ahead
Recyclability, by its very name, is one of the critical issues in 
creating a Circular Economy. Like the other four cross-cut-
ting topics mentioned above, addressing the five key issues 
mentioned above has a significant influence on raising the 
quality of recycled materials and thus on market confidence 
in these recycled materials. This is accompanied by a need 
for data and information that can hardly be overestimated, 
ranging from consumers in front of the waste bin who need 
the right information for collection/sorting at the right time, 
to dismantling and/or repair companies, to the recycler of a 
20-year-old component who needs information on the sub-
stances added at that time. The vast majority of this informa-
tion can no longer be provided by traditional means alone, let 
alone in the required time. Here, a DPP with the – massive – 
IT infrastructure behind it is likely to be the critical part of the 
solution. This solution can only be achieved with appropriate 
standards and specifications.

Collecting and assessing substances and recyclability
Materials are usually equipped with aggregates to meet 
specific requirements. These can include flame retardants, 
UV stabilizers, antioxidants, but also colourants or surface 
modifiers and much more [312]. These are added to the virgin 
material to meet product-specific requirements. In the case of 
recycling, undefinable soiling, e.g., due to organic build-up or 
incompletely emptied containers, is an additional complicat-
ing factor. There is also a need for information on this, which 
has an impact on recyclability.

In the field of recyclates, there is currently a lack of standards 
governing the testing of non-intentionally added substances 
(NIAS) as interfering materials. Therefore, the analysis meth-
ods and results of different testing laboratories sometimes dif-
fer greatly. At this point, both the analysis methods (sample 
preparation and processing and instrumental requirements 
for the equipment) and the substances to be analysed and 
their identification, including limit values, must be regulated 
via contaminant lists, which can be material-specific and/or 
application-specific. The need for standardization is preceded 
here by a need for research. Due to the number of possible 
substances, a clever, scientifically validated substance list in 
the sense of surrogates would be useful here in order to keep 
the effort economically viable.

The same applies to REACH [73]: Companies must identify 
and manage the risks of the substances and products they 
place on the market. At the same time, it is important not to 
impede the targeted use of recyclates for the creation of a 
circular cycle, which comply with these values, by imposing 
excessively high testing and verification hurdles. Increased 
contaminant input due to the use of recycled materials 
should continue to be ruled out. A solution must be found 
that takes these two objectives into account.

Since, due to the end-of-waste problem, disposers are 
taking the step from being disposers to being producers of 
raw materials, this topic takes on significant relevance. The 
handling of substances from long-life products that were 
permitted during manufacture but are now banned, but are 
nevertheless contained in the substance stream, should also 
be regulated, e.g., by a harmonized standard.
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Overview standardization needs for “recyclability”

Key topics Digitalization/ 
Business models 
Management/

Electrotech-
nology & ICT

Batteries Packaging Plastics Textiles Construction 
& municipal-
ities

Standardiza-
tion needs 
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construction and municipalities. The topic of the Circular 
Economy is, of course, essential in numerous other industries 
and industrial sectors such as mobility, energy, and financial 
services, and is an integral part of strategies for the future. 
For this reason, not only will the identified standardization 
needs be implemented in 2023, but other key topics and their 
stakeholders will also be identified, and various measures will 
be used to jointly move from challenges to concrete stand-
ardization activities.

 4.2 	 From the industrial policy to the 
overall social agenda of the circular 
society 

Critical discussions of Circular Economy approaches empha-
size that they are often conceived as ecological moderniza-
tion based on an interpretation of progress oriented toward 
quantitative economic growth. By contrast, issues of social 
and cultural sustainability, social participation, global justice, 
or an expanded understanding of prosperity and quality of 
life remain largely unconsidered [313]. The term Circular Soci-
ety is used by various stakeholders in research and practice to 
refer to discourses and approaches that go beyond a mainly 
technologically and economically oriented perspective of 
progress and understand the transition to circularity in a 
broader sense as a profound socio-ecological transformation.

In line with the United Nations’ Agenda 2030 and the 17 Sus-
tainable Development Goals, standardization plays a key role 
in the transformation to a Circular Society: They support the 
achievement of economic, social and environmental goals 
that, based on principles of circularity and sustainability, help 
to fundamentally transform the sphere of production and 
consumption. The following socio-political question arises in 
relation to standardization: Is an industrial policy agenda that 
is primarily geared to economic growth still the guiding prin-
ciple, or should standardization – as has already been called 
for in innovation policy from various quarters recently – be 
geared to a mission-oriented or socio-ecological transforma-
tion agenda? [314]

Standardization projects in the context of circularity must 
develop standards and specifications that provide methods, 
technologies and tools that achieve significant reductions 
(refuse, sufficiency) in the use of resources, oriented to a re-
source-conserving culture of economic activity. Appropriate 
standards and specifications should also lay the foundations 
for making product development processes more transparent 

 4.1 	 Implementation of current 
standardization needs and 
consideration of further industries 
and industrial sectors 

The Circular Economy is of particular importance in achieving 
the targets of the Green Deal and the Climate Change Act of 
2021. To achieve the ambitious climate protection targets, 
new and revised technical rules for the Circular Economy are 
needed. The Standardization Roadmap Circular Economy 
sets the path for this, thus driving forward the green trans-
formation of Germany and Europe. The coalition agreement 
between the SPD, Bündnis 90/Die Grünen and FDP also 
states “Dare to make more progress” [1]: “We are bundling 
existing raw materials policy strategies in a ‘National Circular 
Economy Strategy’. On this basis, we are advocating uniform 
standards in the EU.”

With the development of this Standardization Roadmap, a 
diverse German body of opinion was created for future stand-
ardization activities in the context of the Circular Economy. 
The stakeholder challenges discussed led to standardization 
needs with varying degrees of detail and links to existing 
standardization activities. These various outcomes of the 
Standardization Roadmap require different approaches/
measures for implementation. In some cases, a clear as-
signment to existing standardization bodies is possible, and 
needs can be evaluated there at short notice with the relevant 
participants and translated into concrete standardization ac-
tivities at national, European or international level. For other 
needs, further measures such as workshops are necessary to 
flesh out the needs and involve other key stakeholders.

An important aspect of this is bringing together stakeholders 
from the standardization bodies and those who were previ-
ously outside standardization and who have contributed to 
the development of the Roadmap. This is where a great deal 
of leverage is available to disseminate the national interests 
that have been developed at European and international lev-
el and to create standards that offer German industry, science 
and society a competitive advantage. This is crucial because 
standards and specifications are developed by those who 
later apply them.

The Standardization Roadmap Circular Economy focused on 
seven key topics, which were aligned with the focus topics 
of the European Commission’s Circular Economy Action Plan 
[4]: Digitalization, business models & management, electro-
technology & ICT, batteries, packaging, plastics, textiles and 
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and inclusive. In this way, future users of the products can be 
enabled to contribute themselves to extending the service 
life of products wherever possible (repair, do-it-yourself, 
upcycling). Standards can also open up new ways and forms 
of public participation in production processes and contrib-
ute to the formation of production and use communities 
(e.g., standards for the design of open source firmware). For 
example, user surveys, focus groups, or living labs could be 
integrated into the process to increase the needs orientation 
of products and services and to strengthen the competencies 
of users.

It becomes clear that the standardization needs of a circu-
lar society go far beyond R-strategies and also represent a 
challenge for the standardization process as such. Non-gov-
ernmental rule-setters such as DIN, DKE and VDI, with their 
structure and working methods, offer great potential for con-
sensus-based adaptation of technical and process systems 
based on broad participation and support. Thus, it will be 
crucial for the development of a circular society that stake-
holders from all stages of the value chain are represented in 
standardization, that regenerative and reproductive concerns 
are strengthened vis-à-vis productive ones, and that the par-
ticipation of concerned experts from non-industrial sectors is 
supported.
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Abbreviation Meaning

ICT Information and communications technology 

IMDS International Material Data System

IR/NIR Infrared/near infrared

IR/NIR-
Sortierung

Infrared/near infrared sorting

SME Small- and medium-sized enterprises

KRA, VDI Resource efficiency-Cumulative raw material input

LCA Life Cycle Assessment 

LCC Life Cycle Costing 

LCT Life Cycle Thinking

LkSG German Supply Chain Due Diligence Act 

LLDPE Linear low-density polyethylene 

LMT Light Means of Transport

MCI Material Circularity Indicator

MFA Material flow analysis

MFCA Material Flow Cost Analysis 

NIAS Non-intentionally added Substances

PA Polyamide 

PBT Polybutylene terephthalate

PC Polycarbonate

PCR Product Category Rules

PE Polyethylene

PEF Product Environmental Footprint

PET Polypropylene

PP Polyethylene terephthalate

PPE Personal protective equipment

PTFE Polytetrafluoroethylene

PVC Polyvinyl chloride

RAMI 4.0 Reference Architecture Model Industrie 4.0

Index of abbreviations

Abbreviation Meaning

B2B Business 2 Business

B2C Business 2 Customer

BattG German Battery Act

BattVO EU Battery Regulation

BESS Battery energy storage system

BMS Battery management system

BNB Assessment system for sustainable construction

CDD Common Data Dictionary

CED Circular Economy Design 

CPD Circular Product Design 

CSRD Corporate Sustainability Reporting Directive 

D4C Design 4 Circularity

D4R Design 4 Recycling

DPP Digital Product Passport

DT Digital twin

EFRAG European Financial Reporting Advisory Group

ElektroG German Electrical and Electronic Equipment Act 

EoL-Phase End-of-Life-Phase

EPD Environmental Product Declaration

EPR Extended Producer Responsibility

EPREL European Product Registry for Energy Labelling

ESRS European Sustainability Reporting Standards

EV Electric vehicle

EVOH Ethylene vinyl alcohol 

GRP Building resources passport

GWP 100 Global Warming Potential, time horizon of 
100 years

IDIS International Dismantling Information System
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Abbreviation Meaning

REACH Registration, Evaluation, Authorisation and Restric-
tion of Chemicals

RoHS Directive on the restriction of the use of certain 
hazardous substances in electrical and electronic 
equipment

SCIP Substances of Concern In articles as such or in 
complex objects (Products)

SDGs Sustainable Development Goals

sLCA Social Life Cycle Assessment

SoH State of health

SPI Sustainable Product Initiative

VOC Volatile Organic Compounds 

WBCSD World Business Council for Sustainable Develop-
ment

WEEE Waste electrical and electronic equipment 

XaaS Everything-as-a-Service
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Glossary

Where no source is given, the definition comes from the authoring team of this Standardization Roadmap. 

Key topic Term Definition

Textiles (Continuous)  
man-made fibre

A fibre of very great length, which is considered endless [331]

Batteries Reuse Additionally addresses ageing/degradation of batteries that must be considered This 
applies particularly to safety aspects [50]

Electrotechnology & ICT
Digitalization/Business 
Models/Management
Textiles

Waste Any substance or object which the holder discards or intends or is required to discard 
[47]

Electrotechnology & ICT Waste recovery
(Recovery)

Any process the principal result of which is waste within the plant or in the wider 
economy that is put to a useful purpose by replacing other materials that would 
otherwise have been used to perform a specific function, or the waste that is prepared 
so as to fulfil that function [320]

Batteries Battery management 
system
BMS

Electronic system connected to a battery, with the functions of regulating the current in 
case of overcharge, overcurrent, deep discharge, and overheating, and which monitors 
and/or manages the state of the battery, calculates secondary data, reports this data, 
and/or controls its environment to affect the safety, performance, and/or life of the 
battery [321]

Batteries Battery pack An energy storage device consisting of one or more electrically connected cells or mod-
ules and having monitoring circuitry that provides information (e.g., cell voltage) to a 
battery system to influence the safety, performance, and/or life of the battery [321]

Batteries Battery system System which comprises one or more cells, modules or battery packs and has a battery 
management system capable of controlling current in case of overcharge, overcurrent, 
overdischarge and overheating [321]

Textiles Biodegradability
(Biodegradable material)

Material capable of undergoing biological aerobic or anaerobic degradation during 
a certain period of time, resulting in the release of carbon dioxide and/or biogas and 
biomass, depending on the environmental conditions of the process [226]

Textiles Regenerated cellulosic 
fibre

Fibres produced from naturally occurring polymers of cellulose, where processing by 
dissolution is needed to convert them into fibre form [226]

Circular Economy Economy that is restorative and regenerative by design, and which aims to keep 
products, components and materials at their highest utility and value at all times, 
distinguishing between technical and biological cycles [8]

Textiles
Plastics
Packaging

Closed loop System by which products, components and materials are used and then recovered and 
turned into new products indefinitely, without losing their inherent properties [Source 
[226] modified – “Textile products” replaced by “products, components and materials”]

Plastics
Packaging

Design from recycling Design, construction and processing for products in all industries that are to be made 
from recyclates or with the highest possible recyclate content from the outset

Digitalization/Business 
Models/Management
Electrotechnology & ICT
Packaging

Digital twin A concept for modelling products as well as machines and their components using 
digital tools, including all geometry, kinematics and logic data. 
Replica of the physical “asset” in the real factory and allows its simulation, control and 
improvement [340]

184 – Standardization Roadmap Circular Economy

ANNEX AND REFERENCES



Key topic Term Definition

Plastics
Packaging
Construction and munic-
ipalities

Downcycling Production of recycled material that is of lower economic value or quality than the 
original product [226]

Textiles Fibre
Textile fibre

A unit of matter characterised by its flexibility, fineness and high ratio of length to 
maximum transverse dimension, which render it suitable for textile applications [238]

Textiles Fast Fashion Business model of the textile industry in which many collections are produced and 
marketed at short intervals at low prices

Electrotechnology & ICT
Digitalization/Business 
Models/Management
Textiles

Durability
Longevity

Ability to function as needed under specified conditions of use, maintenance, and repair 
until a limited condition is reached [318]

Textiles Yarn Linear structure made of textile fibres (staple fibres, filaments or tapes,  
see DIN 60001 Part 2) [327]

Textiles Yarn finishing
Fabric finishing
Clothing finishing
(Textile finishing)

Chemical or mechanical action on a textile such as dyeing, bleaching, scouring, printing 
as well as an application to achieve a specified appearance (e.g., brushed), handle 
(softness and drape), quality (e.g., fabric stability) or functional finish (e.g., durable 
water repellency, antifelt treatment, easy care) on the textile [226]

Textiles Geotextiles Woven, nonwoven, or knitted permeable textiles used in civil engineering and related 
activities, usually made from synthetic materials (such as polypropylene) but can also be 
made from natural materials [334]

Textiles Woven fabric A textile fabric produced (by weaving on a hand loom or a weaving machine) by 
interlacing warp threads with weft threads normally at right angles to each other [329]

Textiles Knit
(Crocheted or  
knitted fabric)

Fabric made of one or more threads or of one or more thread systems by mesh 
formation [328]

Textiles
Plastics

Greenwashing Unsubstantiated or misleading claim about the positive or negative environmental 
aspects of a product, service, technology or business practice [337]

Electrotechnology & ICT Harmonized standard A standard developed by one of the European standardization bodies listed in Annex I to 
Directive 98/34/EC of the European Parliament and of the Council of 22 June 1998 laying 
down a procedure for the provision of information in the field of technical standards and 
regulations and of rules on information society services, on the basis of a request from 
the Commission pursuant to Article 6 of Directive 98/34/EC [109]

Electrotechnology & ICT
Digitalization/Business 
Models/Management

Component Hardware component of a product that cannot be removed without destroying or 
impairing its intended use [319]

Electrotechnology & ICT Critical raw material
CRM

Material that is economically important according to a defined classification procedure 
and whose provision is associated with a high level of risk [317]

Textiles Synthetic fibre Fibre produced by conversion of natural polymers (macromolecular material occurring 
in nature) [332]
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Key topic Term Definition

Textiles
Plastics
Cross-cutting topic
Construction and  
municipalities 
Electrotechnology & ICT
Digitalization/Business 
Models/Management

End of life
EoL

Life cycle phase of a product, if proper waste management is applied to disposed 
end-use products [336]
Also: Phase in the life cycle of a product that begins at the time the product is removed 
from its intended use phase [320]

Plastics
Cross-cutting topics

Life Cycle Costing (LCC) Method of calculating the cost of goods or services throughout their life cycle [8]

Electrotechnology & ICT Material Substance or mixture of substances in a product or component [317]

Batteries Module Group of cells connected to each other in either a series and/or a parallel circuit, with or 
without protective devices (e.g. fuse or PTC) and monitoring circuit [323]

Textiles Natural fibres Natural fibres are the fibres found in nature; these can be classified according to their 
origin as animal fibres, vegetable fibres and mineral fibres [330]

Textiles Virgin raw material Material that has not been subjected to use or processing other than that required for its 
initial manufacture [226]

Plastics
Textiles
Packaging

Life cycle assessment 
(LCA)

Compilation and evaluation of the inputs, outputs and the potential environmental 
impacts of a product system throughout its life cycle [80]

Textiles
Plastics
Packaging

Open loop System of products, components and materials transferred into another material 
category or application with a minimal loss of purity or quality
[Source [226] modified – first half of sentence replaced with “System of products, 
components and materials”]

Textiles
Plastics

Post-industrial waste Materials that come from unavoidable waste from textile production [226]

Textiles
Plastics
Packaging

Post-consumer waste Descriptive term covering material, generated by the end-users of products, that has 
fulfilled its intended purpose or can no longer be used (including material returned from 
within the distribution chain) [335]

Textiles Pre-Consumer Waste Descriptive term covering the product before it reaches the customer, such as 
off-class products, damaged or obsolete products; is often used interchangeably with 
post-industrial textile [226]

Batteries Primary cell battery
Non-rechargeable gen-
eral purpose portable 
batteries

Cell or battery that is not designed to be electrically recharged after discharging [324]

Digitalization/Business 
Models/Management

Product Result of labour or of a natural or industrial process [339]

Textiles
Construction and 
municipalities

Recycled content Proportion, by mass, of recycled material in products. Only pre-consumer and 
post-consumer materials shall be considered as recycled content [226]
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Key topic Term Definition

Digitalization/Business 
Models/Management

Reference Architecture 
Model Industrie 4.0  
(RAMI 4.0)

The reference architecture model Industrie 4.0, or RAMI 4.0 for short, represents a basic 
architecture for Industrie 4.0 as a three-dimensional layer model using a sophisticated 
coordinate system [74]

Textiles
Electrotechnology

Repairability Characteristic of a textile product that allows all or some of its parts to be separately 
repaired or replaced without having to replace the entire product [226]

Textiles
Plastics

Pollutant, impurity, 
harmful substance, 
interfering substance
(Contaminant)

Unwanted substance or material [335]

Batteries Secondary battery
Rechargeable battery

Cell intended for an electrical recharge [325]

Electrotechnology & ICT Substance Chemical elements and their compounds in the natural state or obtained by a 
manufacturing process, including additives necessary to maintain the stability of the 
product and impurities resulting from the process used, but excluding solvents 
which can be separated from the substance without affecting its stability and without 
altering its composition [317]

Textiles Man-made fibre
(Artificial fibre)

Fibre obtained by a manufacturing process [333]

Textiles Textile product
Textile

A product containing exclusively textile fibres in the raw, semi-processed, processed, 
semi-manufactured or made-up state, regardless of the process used to blend or 
combine them [238]

Digitalization/Business 
Models/Management
Plastics

Upcycling Process to convert waste products to new materials that are of higher economic value or 
quality than in the original product [226]

Electrotechnology & ICT  Upgrade
Upgradeablility

Process of increasing the functionality, performance, capacity, or aesthetics of a product 
[338]

Electrotechnology & ICT Wear
(Wear out failure)

Failure due to cumulative deterioration caused by the stresses imposed in normal use 
[318]

Textiles Nonwoven fabric Engineered fibrous assembly primarily planar, which has been given a designed level of 
structural integrity by physical and/or chemical means, excluding weaving, knitting or 
papermaking [326]

Batteries Cell Basic functional unit, consisting of an assembly of electrodes, electrolyte, container, 
terminals and, usually, separators that is a source of electric energy obtained by direct 
conversion of chemical energy [322]

Textiles Textile process waste
(Waste from textile pro-
cessing)

Substances or objects from textile processes which the holder intends to or is required to 
dispose of [226]

Electrotechnology & ICT Reliability Probability that a product will function under the given conditions, including mainte-
nance, for functions as required for a given period of time without a limiting event [318]
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Standardization bodies in the context of the Circular Economy

National standardization bodies in the context of the Circular Economy

Digitalization/Business Models/Management

DIN

NA 147 DIN Standards Committee Quality Management, Statistics and Certification

NA 159 DIN Standards Committee Services

NA 159-01-15 AA Asset Management Systems

NA 159-04-01 AA Maintenance

NA 159-04-01-01 AK Lifecycle record of technical objects

NA 172 DIN Standards Committee Principles of Environmental Protection

NA 172-00-02 AA Environmental management/Environmental audit

NA 172-00-14-01 AK Circular Economy

DKE

DKE/K 113 Information structures and information elements, principles of identification and marking, 
documentation and graphic symbols.

DKE/AK STD_1941.0.2 Digital Product Passport (DPP)

DKE/GAK 431.0.11 Product data and tools

DKE/K 931 System aspects of automation

DKE/AK 931.0.12 Life Cycle Management

DKE/GK 914 Functional safety of electrical, electronic and programmable electronic systems (E, E, PES) 
for the protection of persons and the environment
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VDI

VDI 2882 Obsolescence management from the perspective of users and operators

VDI 2885 Uniform data for maintenance planning and determination of maintenance costs –  
Data and data determination

VDI 4800 Resource efficiency

VDI 4803 Methods for the efficient use of resources in companies

FA Production-integrated 
environmental protection

FA Resource efficiency

Interdisciplinary Group Digital 
Transformation (IGDT)

Electrotechnology & ICT

DKE

DKE/K 191 Environmental protection and sustainability for products in electrical engineering, 
electronics, information technology

DKE/K 135 Detection of substances in electrical engineering products

DKE/K 513 Household appliances, usage properties

DKE/AK 742.0.12 Environment in K 742 (audio, video, and multimedia systems, devices, and components)

DKE/AK 931.0.10 Energy efficiency in industrial automation

DKE/AK 931.0.15 Resource efficiency in the process industry

Batteries

DKE

DKE/K 371 Batteries

DKE/AK 371.0.14 Stationary use of lithium-ion batteries from the automotive sector, including second life 
applications

VDI

Technical Committee Energy 
Storage 
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Packaging

DIN

NA 115 DIN Standards Committee Packaging

NA 115-04-10 AA Packaging and the Environment

VDI

VDI 3617 Single-use / reusable packaging – Requirements and decision-making aids for cost 
comparison

Plastics

DIN

NA 054 DIN Standards Committee Plastics

NA 054-03-01 AA Plastics and environmental aspects

NA 054-03-02 AA Biodegradable plastics

NA 054-03-03 AA Recycling of plastics in the circular economy

NA 054-03-04 AA Circularity and recyclability of fishing gear and aquaculture equipment

VDI

Advisory Board Plastics 
Technology

VDI 4095 Assessment of plastics in the circular economy
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Textiles

DIN

NA 106 DIN Standards Committee Textiles and Textile Machinery 

NA 106-01-22 GA Joint working committee Textilnorm/NAW: Textiles – Environmental aspects , national mirror 
committee for ISO/TC 38/WG 35

NA 106-01-23 AA Circular Economy for textile products and the textile chain

VDI

VDI 3469 Blatt 3 Emission control – Production and processing of fibrous materials – Textiles made of organic 
and inorganic fibres

Construction & municipalities

DIN

NA 005 DIN Standards Committee Building and Civil Engineering

NA 005-01-31 AA Sustainability in building construction (national mirror committee for ISO/TC 59/SC 17 and 
CEN/TC 350)

VDI

VDI 2074 Recycling in the building services

VDI/WTA 3817 Blatt 1 Monuments and listed buildings – General requirements and planning principles

VDI-EE 4802 Blatt 1 Resource efficiency in building – Buildings
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European and international standardization bodies in the context of the Circular Economy

Schwerpunktthema Digitalisierung, Geschäftsmodelle & Management

ISO

ISO/TC 176 Quality management and quality assurance

ISO/TC 207 Environmental management

ISO/TC 251 Asset management

ISO/TC 323 Circular Economy

ISO/TC 324 Sharing Economy

ISO/IEC JTC 1/SC 27/WG 5 Identity management and privacy technologies

ISO/IEC JTC 1/SC 31 Automatic identification and data capture techniques

ISO/IEC JTC 1/SC 32 Data management and interchange

CEN

CEN/TC 319 Maintenance

CEN/CLC/JTC 13 Cybersecurity and Data Protection

IEC

IEC/TC 3 Information structures, documentation and graphical symbols

IEC/SyC SM Smart Manufacturing

IEC/SC 65A System aspects

IEC/TC 65/WG 19 Life-cycle management for systems and products used in industrial-process measurement, 
control and automation

CLC

CLC/SR 3 Information structures, documentation and graphical symbols

CLC/TC 65X Fieldbus
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Electrotechnology & ICT

IEC

IEC/TC 59 Performance of household electrical appliances

IEC/TC 65/JWG 14 Energy Efficiency in Industrial Automation (EEIA)

IEC/TC 100 Audio, video and multimedia systems and equipment

IEC/TC 111 Environmental standardization for electrical and electronic products and systems

CLC

CLC/TC 59X Performance of household and similar electrical appliances

CLC/TC 100X Audio, video and multimedia systems and equipment

CLC/TC 111X Environment

Batteries

IEC

IEC/TC 21 Secondary cells and batteries

IEC/SC 21A Secondary cells and batteries containing alkaline or other non-acid electrolytes

CLC

CLC/TC 21X Secondary cells and batteries

Packaging

ISO

ISO/TC 122/SC 4 Packaging and the environment

CEN

CEN/TC 261/SC 4 Packaging and the Environment

Standardization Roadmap Circular Economy – 205

ANNEX AND REFERENCES – Standardization bodies in the context of the Circular Economy



Plastics

ISO

ISO/TC 61/SC 14 Environmental aspects

CEN

CEN/TC 249/WG 9 Bio-based and biodegradable plastics

CEN/TC 249/WG 11 Plastics recycling

CEN/TC 249/WG 24 Environmental aspects

Textiles

ISO

ISO/TC 38/WG 35 Environmental aspects

CEN

CEN/TC 248/WG 39 Circular Economy for textile products and the textile chain

Construction & municipalities

ISO

ISO/TC 59/SC 17 Sustainability in buildings and civil engineering works

CEN

CEN/TC 350 Sustainability of construction works
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Annex: Overview of standardization needs

Title

  Digitalization/Business Models/Management

1.1 Development of circularity criteria for specific product categories 

1.2 Quality assurance, conformity assessment and declaration of reused products and products with extended service 
life (“product life extension”)

1.3 Definition and valuation/measurement method for determining the financial value of raw materials (originally 
waste)

1.4 Circular Economy and sustainability reporting

1.5 Definition and delimitation of the different concepts for making product-related data available on the basis of a 
suitable framework concept

1.6 Development of a taxonomy of abstracted product groups in the context of the Circular Economy

1.7 Use of semantic technologies for data exchange in the context of the Circular Economy

1.8 Normative principles for the structure of defined cross-sector content and its presentation in the digital product 
passport (basic structure for the presentation of information that can be displayed equally for all products)

1.9 Normative principles for the structure and grouping of product-specific content and its presentation in the digital 
product passport

1.10 Definition of standardized data structures of life cycle-relevant data in the digital product passport or in the form 
of one or more submodels for the Industrie 4.0 administration shell on the topic of Circular Economy/life cycle 
assessment

1.11 Standardized and exchangeable simulation models for dynamic information as a function of time or various other 
parameters, as well as versioning of data/information over the life cycle or various combined life cycles

1.12 Normative basis for the presentation and linking of data that is already publicly available in databases and linking 
with the new requirements for the digital product passport (information requirements for various product groups)

1.13 Development of a user-centred, digital solution through standardized methods and tools, as well as guidance on 
the use of the DPP for the various stakeholder groups

1.14 Standardization should support legislators in defining and implementing the individual access rights of various 
stakeholders along the value chain 

1.15 Existing standards and specifications that define the technical features for different identifiers should be examined 
for their applicability to the DPP

1.16 Establishment or adaptation of standardized mechanisms to ensure data quality and trustworthy information in 
the digital product passport

1.17 Standards and specifications should provide a framework for the depth of data required

Standardization Roadmap Circular Economy – 207

ANNEX AND REFERENCES – Annex: Overview of standardization needs



Title

1.18 Integration of the Circular Economy into strategies, business models and management systems of companies

1.19 Systematic approach to Circular Economy potential development

1.20 Maturity level of the overall business concept

1.21 Circularity assessment of services

1.22 Key figure for use of recyclates

1.23 Exploiting the Circular Economy potential for business model innovation and re-design

1.24 Creation of measurement bases to determine “circularity success factors” and to allow comparisons to be made

1.25 Definition of terms for the Circular Economy

1.26 Definition of units and variables for the Circular Economy

1.27 Management of technical and legal interfaces 

1.28 Communication between participants in the value loops

1.29 Classification of business models

1.30 Establishment of an infrastructure to support reverse logistics 

1.31 Design and depth of service degree/level (service depth and breadth).

1.32 Definition of circular business management processes

1.33 Include the Circular Economy in the design phase

1.34 Uniform description of roles and responsibilities for an effective opportunity management process

1.35 Right to maintenance (maintenance/repairability) 

1.36 Social standards for circular jobs

1.37 Training/qualification for the Circular Economy

1.38 Definition of features for the identification of services for the Circular Economy
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Title

  Electrotechnology & ICT

2.1 Normative foundations for indicators for the comparison of individual R-strategies, combinatorial approaches and 
for the measurement of overall circularity

2.2 Guides for filling and checking the SCIP, EPREL and other databases

2.3 Product group-specific standards for functional durability, repairability, reusability, remanufacturability and 
recyclability based on the DIN EN 4555x series

2.4 Guidelines on “design 4 recycling” and “design 4 circularity” and an approach to evaluate the optimal R-strategy for 
a specific product

2.5 Coordination of standardization activities on the Circular Economy

2.6 Establishment of standardized information transfer based on international standards and development of 
cost-effective and simple analytics for quality assurance of secondary raw materials

2.7 Necessity of European/International Standards

2.8 Assessment of the usefulness of the digitalization rate of products and services

2.9 Inclusion of circular-oriented funding criteria to promote innovation and research in addition to the energy 
efficiency of products

2.10 Standards for the decommissioning and dismantling of renewable energy generation plants 

2.11 Revision of the normative basis for the use of flame retardants, taking into account recyclates and integrated 
measuring systems

2.12 Holistic product evaluation based on environmental and material efficiency parameters

2.13 Consideration of standards on data interfaces in the digital product passport

2.14 Standards for the measurement of product change during the uploading and installation of updates

2.15 Guide to circularity-oriented information on substances

2.16 Standard for changing product performance through software updates

2.17 Standard for application-related differentiation of joining and fastening techniques

2.18 Quality standards and reference materials for recyclates

2.19 Standard for determining the consumption of (industrial) systems

2.20 Standard for functionally stable operation 

2.21 Standardized assessment criteria for energy and material efficiency of building services and installations

2.22 Standards for determining the durability of products

2.23 Normative basis for the definition of circularity-oriented warranty claims of consumer products
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Title

2.24 Criteria for classification of repaired, refurbished and remanufactured products

2.25 Design standards for defect-free disassembly/removal and secondary installation

2.26 Revision of the standard on data destruction DIN 66399 with regard to the reuse, refurbishment and 
remanufacturing of electrotechnology and ICT products

2.27 Standards for assessing repairability at the product level

2.28 Standards on product information (see product passport) and interoperability of components and wear parts

2.29 Standardized criteria for the provision of product or system information on composition, structure and usage 
history

2.30 Standard for onboard diagnostics of products

2.31 Extension of DIN EN 45554 to include metrics for refurbishing

2.32 Standards for implementing upgradeability-by-design

2.33 Standardized catalogue of criteria for evaluating the change in product purpose

2.34 Standard for calculating the environmental impact of materials (conversion factors)

2.35 Standard for the description of reference materials for secondary raw materials

2.36 Information standard for the provision of information relevant to recycling

2.37 Standards on design 4 recycling

2.38 Standards for calculating the recycling rate of electrotechnical and ICT products based on the products actually 
disposed of

2.39 Extension of the DIN EN 50625 series of standards to include consideration of the current state of the art as well as 
quality requirements

2.40 Recommendations for standardized information transfer and extension of the DIN EN 62321 series of analytical 
standards to include recycling-relevant substances

2.41 Revision of the DIN 66399 series to enable the recovery of critical raw materials, such as neodymium from hard 
drives

2.42 Standards to provide common material compositions in the case of established technical solutions

2.43 Standards for the traceability of materials for secondary raw materials
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Title

  Batteries

3.1 Standards for the interchangeability of batteries

3.2 Carbon footprint of lead-acid batteries

3.3 Standards on the digital battery passport

3.4 Standards on data about condition

3.5 Definition of safety limits for reuse

3.6 Safety standards for the replacement of battery modules and cells

3.7 Standards for the mechanical and electrical design of energy storage systems

3.8 Standards on data about condition

3.9 Standards on the digital battery passport

3.10 Standards on mechanical and electrical tests 

3.11 Safety standard with non-destructive test methods

3.12 Standards for the modular design of batteries

3.13 Standard for the suitability testing of used components

3.14 Standards on 2nd life

3.15 Labelling

3.16 Decomposability

3.17 Standards on the digital battery passport

3.18 Availability of recyclates

3.19 Standards on the digital battery passport

  Packaging

4.1 Uniform definition framework based on the German minimum standard ZSVR

4.2 Uniform methodologies, metrics, and limit values for assessing recyclability

4.3 Catalogue/database for standardized packaging 

4.4 Catalogue for total and combination packaging

4.5 Uniform recyclability label/digital product passport for packaging

4.6 Uniform guidelines for design 4 recycling for packaging
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Title

4.7 Guidelines valid throughout Europe for the country-specific assessment of the recyclability of packaging

4.8 Linking guideline with separation instructions/product labelling 

4.9 Definition of sustainability

4.10 Establishment of principles for the uniform assessment of the sustainability of packaging

4.11 Representation and naming of industry references and differences

4.12 Clear definition of the term life phase including all raw material sources, production steps as well as components of 
the considered packaging system and possible differences in product life/product losses

4.13 Definition of communication rules

4.14 Hygiene and quality standards for unpackaged and reusable solutions 

4.15 Definition of terminology relating to systems for reuse

4.16 Standardized requirements for properties for the compatibility of reusable packaging during take-back in systems 
for reuse

4.17 Standardization for secondary and transport packaging in the reusable and unpackaged sector 

4.18 Standardization for the use of labels, tapes, adhesive tape and closures

4.19 Standardization of automated take-back for reusable packaging

4.20 Interoperability between package marking, capture, sorting and databases

4.21 Readability of the digital product passport in the automated sorting of recyclables

4.22 Marking of packaging materials and packaging applications

4.23 Uniform design of specifications for the description of sorted recyclables

4.24 Guide for SMEs regarding compliance work

4.25 Labelling of material from or with recyclates

4.26 Extension of DIN SPEC 91446 to include data relevant to conformity

4.27 Functional barriers

4.28 Compatibility assessment of dangerous goods and packaging (recycle)

4.29 Labelling and identification, digital interfaces
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Title

  Plastics

5.1 Allocation of the end-of-life of plastics

5.2 Delineation of an LCA and PCF and PEF by impact categories and scope as well as communication type

5.3 Standardized definitions of terms, methods/selection of overarching criteria, and methods for review

5.4 Methods for the assessment of the conformity of economic sustainability

5.5 Regulating occupational safety in chemical and mechanical recycling or in the processing of recycled material

5.6 Review and update of existing standards regarding realistic environmental conditions in the evaluation of the 
biodegradability of plastics

5.7 Qualification for reuse after present end-of-life

5.8 Assessment of the reusability of plastics

5.9 Standardized information on additives for the recycling of plastics

5.10 Uniform design of data sheets for the description of sorted materials

5.11 Harmonization of take-back and collection systems for commercial sectors and products

5.12 Technical guideline for the definition of open and closed loop systems

5.13 Addition of recycling-oriented information in the digital product passport for plastics

5.14 Uniform documentation requirement for the traceability of plastics

5.15 Uniform calculation rules for determining the output rate in recycling processes

5.16 Rules for the calculation of the recyclate content

5.17 Delimitation of recycling technologies/methods for plastics and uniform life cycle assessment

5.18 Systematization of markers and process requirements for destruction in the second recycling process and 
quantification of the environmental impacts

5.19 Requirements for a paint system in terms of design 4 recycling and sustainable paint stripping processes

5.20 Systematics of combinations of organic and inorganic pigments in plastics for optimal recycling

5.21 Determination of input streams with regard to foreign polymers and fillers and reinforcing materials

5.22 Mechanical recycling in preparation for further depolymerization or dissolution of the target fraction

5.23 Upstream processes – Quality-related standardization of input streams

5.24 Conversion and recycling processes – Description of chemical and physical conversion and recycling processes 
(Technical reports to illustrate the state of the art)
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5.25 Downstream processes – Quality-related standardization of chemical products from physical and chemical 
recycling

5.26 Test standard for the determination of NIAS (non-intentionally added substances) in recyclates 

5.27 Strategies for sampling, homogenization, and retained samples for all recycling methods and process steps, and for 
evaluating batch variations

5.28 Analysis of persistent contaminants and their accumulation in recycled materials

5.29 Standardization of the indication of quality specifications for recyclates (data sheets)

5.30 Standardization of testing standards for bulk density

5.31 Test standard for determining odour

5.32 Test standard for determining volatile organic compounds (VOC)

5.33 Promotion of research on the correlation of recyclate and product properties and screening methods

5.34 Promotion of research on the introduction of contaminants into recyclates

5.35 Design FROM recycling guideline

5.36 Technical guide to the classification of defect groups and types of product/processing defects specifically for 
recyclates

5.37 Occupational safety regulation for the processing of recyclates

5.38 Development of a test method for evaluating the degree of degradation and guideline for the addition of additives

  Textiles

6.1 Prioritization of reusable products in product standards over single-use products

6.2 “On demand” production

6.3 Data basis on maintainability, separability and recyclability for material selection/use – material index

6.4 Extension of chemical management to include closed-loop aspects – Chemical index

6.5 Clustering of product groups 

6.6 Definition of longevity for product groups (longevity index)

6.7 Guidelines for design 4 recycling

6.8 Definition of quality requirements and standardized test procedures for a quality index

6.9 Evaluation criteria of longevity in relation to other sustainability criteria

6.10 Methods for determining and identifying recyclate content and sources in semi-finished products and products at 
batch level, etc.
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6.11 Measurement or determination of consumption data and product components

6.12 Calculation methodology and data management

6.13 Development of an indicator methodology for products as well as for companies (keyword: traffic light system) with 
regard to the Circular Economy (closed loop indicators)

6.14 Extension of textile care labelling

6.15 Additional standards for various care and reprocessing procedures

6.16 Promotion of rental and leasing systems

6.17 Specifications for the description/labelling of textiles for the second-hand market

6.18 Non-destructive methods for condition assessment of used textiles

6.19 Define standardized product information about spare parts

6.20 Definition of repair or spare part requirements as well as standards that can be included in a repair index  
(repair index)

6.21 Identification of repairability

6.22 Requirements for the condition and environment (location) of depot containers

6.23 Uniform marking of collection containers

6.24 Requirements for the process of removal of the collected goods from the depot containers

6.25 Standardization/product specification according to sorted collection of textile waste from other sources

6.26 Establishment of regulations and criteria for used textile sorting plants

6.27 Product specification after sorting of mixed collected used textiles

6.28 Definition of permissible materials and verifiable information as “recycled content” 

6.29 Establishment of criteria and definitions for the traceability of material streams

6.30 Determination of test criteria and the test time for the detection of the potential pollutant input

6.31 Standards and specifications for the evaluation of textile waste and its recyclates/recycled fibres

6.32 Tamper-proof material labelling and marking

6.33 Standardized definitions of terms related to environmental statements

6.34 Establishment of overarching criteria for product labelling that define the Circular Economy framework 

6.35 Definition of an overall index (composite index) with variables for Circular Economy labelling

6.36 Information needs of different stakeholder groups
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6.37 Information needs for different product groups

6.38 Interoperability of product and event data, and metadata through a unified ontology/taxonomy

6.39 Care instructions for washing machines 

6.41 Identification numbers (identifiers) and data carriers

Construction & municipalities

7.1 Formulation of standards and specifications that clearly describe the transition from waste to product  
(end-of-waste) and/or ensure minimum qualities with regard to suitability and warranty

7.2 Extension of standards to include dismantling

7.3 Requirements for building element catalogues according to a uniform classification system

7.4 Adaptation of existing standards in the context of flexibility of use and longevity

7.5 Requirements for a building passport

7.6 Circular design (modularity, adaptivity and low-tech strategy)

7.7 Standardized planning, calculation and evaluation tools for municipalities and regions in the transformation to a 
Circular Economy

7.8 Design and construction principles for adaptive building structures

7.9 Define overarching terms, supplement missing terms and harmonize terms already used in standardization

7.10 Harmonization of existing methods and tools

7.11 Clarification of the interfaces to the building life cycle assessment (LCA) as well as modifications to DIN EN 15804

7.12 Review of normative framework/regulations

7.13 Data acquisition on site

7.14 Selective dismantling
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