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Summary 
Political relevance of the Digital Product Passport. Politicians are currently discussing a Digital Product Pass-

port (DPP) as a central instrument for building a circular economy. Latter is seen as an important enabler for 

climate neutrality. Although there is no standardized, cross-sectoral and cross-company product passport 

system yet, there are already individual solutions for collecting information for certain product groups. To 

increase transparency throughout the entire product life cycle a DPP shall be made available digitally for all 

actors. A DPP should include information about the product, such as manufacturer, material, characteristics, 

repair, and disposal options. The DPP must fulfil both content-related and technical requirements. 

 

Readiness for the Circular Economy. The topic of the circular economy has not yet arrived on a broad scale 

in companies. Only a few companies are comprehensively aligning their business model in a circular way, for 

example by considering the entire product life cycle, optimising the design of products and/or developing 

new circular business models. At the same time, some relevant product characteristics for a circular economy 

- such as durability as part of the quality promise "Made in Germany" - are already strongly developed. Other 

characteristics such as reparability, easy maintenance and refurbishment are not in the focus of companies 

yet but are key for the transformation to a circular economy. 

 

Digital and Data Readiness. Many companies in Germany do not meet the requirements for implementing 

the DPP yet. Numerous companies are not yet sufficiently digitalized and there are large sector differences 

in the level of digitalization. Furthermore, they do not meet the requirements to manage data efficiently 

because product data is often still stored in analogue form and many companies do not have data govern-

ance, which is the basis for ensuring data quality, data integrity and data security. Many companies do not 

share data with other companies - mainly due to legal, but also technical barriers. 

 

Structure of a DPP. Ideally, the DPP contains a transparent provision of a unique identification, a precise 

description of the product and its characteristics as well as all environmentally relevant information for pro-

ducers, suppliers, and consumers. The legal content and technical requirements must be complied with and 

at the same time sector-specific needs must be considered. The DPP should serve as a transport container, 

follow clear structures and be modular and expandable. A structured and, above all, standardized collection 

and transfer of information is required so that all stakeholders involved can view and supplement relevant 

information on the product. Standards for the identification, classification and recording of environmentally 

relevant information are particularly relevant. The ECLASS data standard, with its interoperability, modular 

system and conformity with standards and global norms, offers many advantages for the development of a 

DPP. 
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1 Introduction 
In a circular economy a new understanding of economic activity and an alternative approach to raw materials 

are required. Resources should be used for as long as possible to reduce both the material and energy con-

sumption as well as the waste and emissions of an economic system to a minimum. To this end, addressing 

the efficient use, recycling of resources, but also the replacement of certain raw materials - for example, with 

secondary raw materials - is of high importance for German industry (Geissdoerfer et al., 2017; 

Lichtenthäler/Neligan, 2023; Neligan et al., 2022a). However, this transformation is only at the beginning: 

material cycles still need to be better closed. In the European Union (EU) and Germany, the circular use of 

materials, which is the share of material recovered and reintroduced into the economy in total material use, 

was 12 and 13 percent respectively in 2021 (Eurostat, 2023). 

 

Resource cycles can be realized in different ways in companies. The necessary view on the entire product life 

cycle requires new approaches for its essential phases - design, production, use and reuse of products 

(Lichtenthäler/Neligan, 2023). A key prerequisite for a circular economy is knowledge of both the upstream 

stages and the effects of one’s own actions on downstream stages of the value chain.  

 

Digitalization is an important enabler of the adaptation of product and service systems as well as the devel-

opment of modified or even new circular business models, as it enables the intelligent use of innovations and 

access to data, for example via a Digital Product Passport (DPP) (Neligan et al., 2023). Via the DPP, information 

about the product such as manufacturer, material, characteristics, repair and disposal options should be 

made available digitally, as in a “product memory”. The aim is to make the entire product life cycle transpar-

ent for all stakeholders. DPPs have numerous advantages for companies. This also includes the development 

of digital business models in the sense of a "product as a service". At the same time, DPPs pose some chal-

lenges for companies, especially small and medium-sized enterprises (SMEs), as their processes and products 

are not yet digitalized, at least in part, and much data is not collected or not stored digitally. In addition, there 

are still many open questions regarding the design of DPPs, for example on data security. So far, there are 

few concrete proposals in the scientific literature on what a DPP might look like. The present study closes 

this gap. It shows how future requirements can be designed in a practicable and manageable way. Specifi-

cally, it answers the following questions: 

 

◼ Relevance and regulation of DPPs: Why is a DPP needed? Why does the policy provide for a DPP? 

(Chapter 2) 

◼ Definitions, stand-alone solutions and requirements: What is a DPP? Which stand-alone solutions 

are already available? What are the policy requirements for the DPP? What is the role of the DPP for 

companies? (Chapter 3) 

◼ Readiness of the companies: To what extent are companies prepared for the implementation of the 

DPP? What are the prerequisites for the implementation in the companies, what are the possible 

obstacles? (Chapter 4) 

◼ Operational implementation: What might a concrete prototype for a DPP look like? (Chapter 5) 

◼ Conclusion with evaluation: What are the opportunities and risks in designing the DPP? How can the 

prototype proposal be further developed? (Chapter 6) 
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2 Relevance and regulation of DPPs 
This chapter provides an overview of the role of DPPs from a political perspective. On the way to climate 

neutrality, both the European Green Deal (EU Green Deal) and the current German coalition agreement with 

the planned National Circular Economy Strategy (Nationale Kreislaufwirtschaftsstrategie) see a circular econ-

omy as a central measure that mobilizes the entire industry. By means of environmentally compatible prod-

uct design (eco-design), companies should in future take greater account of closed-loop recycling in product 

planning and development.  

 

Digitalization is a prerequisite for the transparency required to depict the interrelationships of a closed-loop 

process (Neligan et al., 2023). Actors along the value chain must be able to communicate efficiently - and 

thus automatically - via interfaces to be able to transmit relevant information without losses and in a re-

source-saving manner. Information in form of digital data is necessary to measure and evaluate the success 

of circular material flows and business models (Neligan et al., 2021; Lichtenthäler/Neligan, 2023). Product 

data governance plays a key strategic role (Piétron et al., 2022). The DPP provides a solution for implementing 

various circular strategies to obtain, use, retain, and retrieve all necessary information (DIN/DKE/VDI, 2023; 

PSQR, 2023). 

 

Various political advancements at both the European and national level see DPPs as enablers of a circular 

economy (Figure 2-1). A DPP was first mentioned in general terms as an instrument in the EU Green Deal of 

2019 and specified in the proposal of the EU Ecodesign Regulation in 2022 (European Commission, 2019; 

European Commission, 2020a; European Commission, 2022a): 

 

◼ EU Green Deal and Circular Economy Action Plan: A key pillar of the EU Green Deal is the Circular 

Economy Action Plan published in 2020, which identifies DPPs as a solution to mobilize the potential 

of product information digitalization as part of a sustainable product policy but does not specify it 

further.  

◼ EU Ecodesign Regulation: As part of the Sustainable Product Initiative of the EU Green Deal, there 

has also been a draft of an Ecodesign for Sustainable Products Regulation (EU Ecodesign Regulation) 

since 2022. The aim is to make sustainable products the norm. This is to be achieved by creating 

access to sustainability information along the supply chain. In addition, there should be incentives for 

more sustainable product and business models for improved value retention. An optimized regula-

tory framework for sustainable products will also be sought. The new regulation includes perfor-

mance and information requirements for almost all physical product categories in the EU market, 

unless their environmental characteristics are already regulated by other relevant pieces of legisla-

tion (BDI, 2022; BDI, 2023; BMUV, 2023a). Within the framework of the EU Ecodesign Regulation, a 

working plan will be drawn up. It contains criteria for prioritizing products and a non-binding list of 

product groups that the EU Commission intends to address in the coming years in terms of ecodesign 

via delegated acts. A product group is defined by the EU Commission (2022a) as a set of products that 

have similarities in terms of their purpose, use, functional characteristics, and consumer perception. 

In future, the DPP is intended to become the standard for all product groups covered by the regulation. The 

aim of DPPs is to increase transparency regarding the environmental impact of products and to enable a 

longer product life. In addition, DPPs are intended to help authorities with testing and inspection and to 

strengthen consumer rights (BDI, 2023; BMUV, 2023a). Important product-specific information on origin, 

material composition, condition, repair and disassembly options, and end-of-life handling is to be stored and 
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made available along the industrial value chain. It is also planned that there will be a product passport register 

in which the information contained in the product passports required under the delegated acts envisaged for 

each product group will be stored. 

It is currently expected that the EU Ecodesign Regulation will enter into force by 2024 following the conclu-

sion of the current negotiations in the trilogue between the European Commission, European Parliament and 

European Council. As a result, first delegated acts for individual product groups should be available from 2026 

and 2027 at the earliest (BDI, 2023). It can also be assumed that the focus will be on the introduction of DPPs 

for the value chains identified as central in the Circular Economy Action Plan, such as batteries, textiles, and 

construction, but also consumer electronics or packaging (Stretton, 2022). 

 

Figure 2-1: DPP: Not new, but of current relevance 

Development over time 

 

Source: Own representation 

 

At national level, there are two pushes for DPPs, but they do not provide specific guidance on design and 

implementation: 

◼ In the 2020 Digital Agenda for the Environment (Umweltpolitische Digitalagenda), one measure is a 

DPP for final products that enables sustainable consumption choices to be made and facilitates the 

recycling of products. In principle, the DPP should be applicable to all products and services. Initially, 

the focus should be on particularly resource- and energy-intensive goods such as information and 

communication technology (ICT) products (BMUV, 2020; Götz et al., 2021). 

◼ The German coalition agreement of 2021 provides for a National Circular Economy Strategy. A paper 

outlining the fundamentals of this strategy has been available since April 2023 and is currently being 

further developed in the stakeholder process. A DPP is to be introduced to be able to fulfill, among 

other things, information requirements for products and extended producer responsibility in the 

sense of EU requirements, including environmentally compatible product design (ecodesign). The 

DPP is intended to support the transparency and closed-loop management of substances while 
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maintaining the principle of data economy (BMUV, 2023b; Neligan et al., 2023; SPD, Bündnis 90/Die 

Grünen and FDP, 2021). 

So far, however, it is unclear what DPPs for different product groups will look like and when they will become 

mandatory (DIN/DKE/VDI, 2023; Götz et al., 2021). There are also initial sector- or product-specific isolated 

solutions at EU level that are moving in the direction of DPPs. They are outlined in Chapter 3.1. 

3 DPP: definitions, isolated solutions and requirements 
At both national and European level, DPPs are being pushed politically as a standardized information tool to 

be able to meet the increased requirements for products and the associated information obligations. This 

chapter provides available definitions of DPPs, presents existing isolated solutions and describes necessary 

requirements for DPPs. 

3.1 Definition 

The DPP can be understood as a concept for collecting and sharing product-related information on manufac-

turer, material, characteristics, repair, and disposal (Jansen et al., 2023). The policy defines the term ‘product 

passport` as follows: 

 

◼ In the planned EU Ecodesign Regulation, the European Commission defines the term ‘product pass-

port’ as a product-specific data set that contains certain information and is accessible electronically 

via a data carrier (European Commission, 2022a, Article 2 (29), p. 53). 

◼ In the context of the German environmental digital agenda, the DPP is defined as a ‘complete lifecy-

cle’. The DPP is a standardized and comparable data set that summarizes the components, materials 

and chemical substances for a product or also information on reparability, spare parts or professional 

disposal. The data should originate from all phases of the product life cycle and be used for various 

purposes in all these phases (design, manufacture, use, disposal). The higher transparency in the 

product life cycle should enable more sustainable actions for consumers, industry and waste man-

agement and facilitate mandatory reporting (BMUV, n.d.; BMUV, 2020; Götz et al., 2021). 

In addition to the DPP itself, a corresponding infrastructure must be available for processing the information. 

Stable IT systems are needed to collect and exchange data. The literature also distinguishes between a DPP 

and a DPP system (Jansen et al., 2023): 

 

◼ The DPP is the artifact consisting of the information provided and shared by the interacting actors in 

the value chain of a product.  

◼ The DPP system is the basic comprehensive information system in which DPPs are integrated. This 

enables the data required for DPPs to be integrated in a shared information world. It promotes inter-

action between the various players along the value chain of a product and facilitates the assignment 

of a physical product to the corresponding DPP.  

In summary, the DPP should serve at least the following three functions (further requirements are defined in 

Chapter 3.3): 
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◼ Clear identification and description: The comprehensive use of DPPs requires the clear identification 

of the product, the description of the product and its characteristics, and the transparent presenta-

tion of environmentally relevant information. Here, the concrete instance of the product, for example 

a single concrete product, is relevant. 

◼ Standardized and uniform data management: In principle, a DPP can be used by companies along 

the entire value chain (manufacturers, suppliers, retailers, etc.) as well as by consumers. This requires 

standardized and uniform management of product data and environmentally relevant information. 

◼ Managing complexity: Along the value chain, depending on the industry and the actor, the contents 

of the DPP vary in complexity. If one imagines a company from the basic materials industry that pro-

duces intermediate products for further industrial processes, the supply chain - and thus the ‘life 

cycle’ - from raw material to resource is probably very short. However, if you look at a company fur-

ther down the value chain, the product and therefore the product-related information is many times 

more complex. Particularly in the case of products with a high share of intermediate inputs many 

companies from different sectors are already involved in the creation of the product. 

3.2 Isolated solutions for digital information collections 

Although there is hardly a uniform, cross-industry and cross-company product passport system yet, isolated 

solutions for information collection for specific product groups already exist. There are various approaches 

to information provision, data collection and presentation for electrical and electronic equipment, chemicals, 

fertilizers, packaging and packaging waste, and end-of-life vehicles (see Götz et al., 2021 for an overview). 

Batteries is the first product group for which a DPP is going to be mandatory. Other industries also have 

promising concepts for implementing DPPs, such as the building resource passport (DIN/DKE/VDI, 2023). Im-

portant specific solutions are briefly described below: 

 

◼ Batteries: The planned new EU regulation on batteries and waste batteries looks at the entire life 

cycle and imposes new requirements on batteries from design, to manufacturing, to waste manage-

ment of all battery types purchased in the EU. From 2026, a digital battery passport is to become 

mandatory for traction batteries, light transport batteries and industrial batteries with a capacity of 

more than 2 kilowatt hours, with information on capacity, performance, shelf life, chemical compo-

sition and with the need for separate disposal. Crucial to this is the use of new digital concepts, in 

particular the battery passport and the networked data room, for secure data exchange, increased 

transparency of the battery market, and traceability of large batteries throughout their life cycle (Eu-

ropean Commission, 2022b; European Parliament, 2023). 

◼ Energy-related products: The EU Energy Labelling Directive sets out requirements for individual prod-

uct groups with regard to uniform Europe-wide labeling on the consumption of energy and other 

resources, as well as additional information requirements on product data sheets for corresponding 

products. All energy consumption-relevant products that bear an energy label, including refrigerators 

and air conditioners, must be entered in the European Product Registry for Energy Labelling (EPREL) 

with their product data sheets containing information on energy labeling and other details. This prod-

uct database consists of a public part (for end consumers, among others) and a non-public part, which 

is only accessible to the European Commission and market surveillance authorities and is subject to 

strict security measures (EU Parliament/EU Council, 2017, Götz et al, 2021). The EU Ecodesign Di-

rective for energy-related products and its product group-specific implementing measures also re-

quire information requirements on aspects of the circular economy (see Chapter 3.3.1). 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:153:0001:0012:DE:PDF
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◼ Textiles: The EU strategy for sustainable and recyclable textiles provides for the introduction of in-

formation requirements and a DPP. As part of the new EU Ecodesign Regulation a DPP for textiles 

with information requirements regarding compliance with the circularity principle and other im-

portant environmental aspects is to be introduced. The introduction of a digital label is also under 

review (European Commission, 2022b). 

◼ Buildings: The EU Buildings Directive makes it compulsory to issue energy performance certificates 

for buildings when they are sold or newly leased, which contain the actual energy status of the build-

ings. Since 2021 the EU has been working on a new version to make buildings emission-free. To this 

end, the energy certificate obligation will in future also apply to major renovations, to the renewal of 

leases and to all public buildings. A renovation passport is also planned as a tool to facilitate gradual 

renovation toward zero-emission levels (European Commission, 2010; European Commission, 

2023g). The concept of the material passport is often mentioned in the context of buildings to hold 

information on products and components that are to be reused or recycled (see Götz et al., 2021). 

Based on the successfully established Energy Performance Certificate, the German Sustainable Build-

ing Council (DGNB) has developed a Building Resource Passport, which provides key information 

around resource use, climate impact, and recyclability for each building (DGNP, 2023). There is also 

the environmental product declaration according to DIN EN ISO 14025 (Environmental Product Dec-

laration) initiated by the construction industry, which provides product information on the sustaina-

bility of building materials in a standardized data set and could lay the foundation for the product 

passport (DIN/DKE/VDI, 2023; BMUV, 2023c). 

◼ Circular Economy: The Product Circularity Data Sheet according to ISO/CD 59040 develops a general 

methodology to improve the accuracy and completeness of circular economy information. The goal 

is to implement a qualitative approach to data exchange between companies when sourcing or sup-

plying products for trustworthy reporting. This guidance is intended to apply to all organizations re-

gardless of type, size or nature (ISO, 2023). 

Elements of traceability, monitoring and data sharing requirements are also included in a number of other 

regulations and policies. For example, the EU Data Strategy aims to harmonize and standardize access to 

data. The Data Act aims to clarify legal, economic, and technical issues related to access to data. Adopted in 

June 2023, the regulation, which still needs to be formally endorsed by the EU Parliament and the Council of 

Member States, includes requirements on access by usually business users to data generated by their net-

worked devices, rules on data access and use by government agencies, data sharing contracts, and cloud 

switching (Demary, 2022). The goal of the Data Act is to ensure that more data is available in Europe and that 

the potential of data management can be exploited. As digitalization increases, datasets become intercon-

nected, and environmental impact assessments are required throughout the product lifecycle, legislation for 

different product categories is becoming increasingly interconnected. There are initiatives in the textiles, 

construction, electronic waste, plastics, chemicals, and automotive sectors toward more sustainable business 

practices (Stretton, 2022).  

3.3 Requirements 

The realization of a DPP is a complex undertaking. The content of the DPP is indirectly linked to content-

related and directly to technical requirements, which are interdependent (Figure 3-1). The content require-

ments for the manufacture of products determine their characteristics, which in turn are captured in the DPP 

under certain technical conditions. It is also a challenge to find the right balance between sharing information 
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and protecting data (Sipka, 2022). The following subsections go into more detail about the content as well as 

technical requirements for DPPs. 

Figure 3-1: Requirements for a DPP 

Overview for an electronic product-specific data set 

 

Source: Own representation 

3.3.1 Content requirements 

In recent years,EU product policy has received new impetus in the direction of ecodesign (see also Chapter 

2). Up to now, the focus within the framework of the EU Ecodesign Directive has been on reducing the envi-

ronmental impact of products with high energy consumption (European Parliament, 2009). With the 

Ecodesign Work Program 2016-2019, aspects of material efficiency were introduced as a new criterion for 

the first time. The issue of repairability, durability and availability of spare parts will be addressed with new 

ecodesign requirements for many products. This has already been addressed for household appliances in 

2021 and mobile end devices in 2022 (BMUV, 2022, Neligan et al., 2023). With product group-specific re-

quirements regulated in the future via an EU Ecodesign Regulation, the way will be paved across Europe to 

ensure easier recycling, simple repair, longer service life, and resource savings as early as the product design 

stage (European Commission, 2022; Neligan et al., 2023). The following ecodesign requirements are intended 

to apply to a specific product group in each case, or common requirements can also be set horizontally for 

several product groups if technical similarities make it possible (European Commission, 2022a): 

 

◼ Durability, reliability, reusability, retrofittability, repairability, ease of maintenance and refurbish-

ment 

◼ Restrictions on the use of certain substances that affect the recyclability of products and materials 

◼ Energy consumption or energy efficiency of products 

◼ Resource utilization or resource efficiency of products 

◼ Minimum quotas for recyclates in products 

◼ Easy disassembly and remanufacturing as well as easy recycling of products and materials 

◼ Environmental impact of products throughout their life cycle, including their carbon dioxide (CO2) 

footprint and their environmental footprint  

◼ Prevention and reduction of waste, including packaging waste 
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The issue of reparability is also being pushed with the planned EU Right to Repair. The aim is to make it easier 

and cheaper to repair goods. In the future, the necessary repair and maintenance information must be avail-

able for each product (European Commission, 2023). 

 

However, not only product-related legislation is relevant for a circular economy. Furthermore, relevant is EU 

waste legislation, which also takes a life-cycle approach. A key principle of waste legislation is Extended Pro-

ducer Responsibility (EPR), under which the producer of a product is responsible for the entire life cycle of 

the product in accordance with the polluter pays principle. This responsibility begins with product design and 

extends specifically to the post-use phase, including collection, take-back, sorting, reuse, recycling, and final 

disposal of the product (CEID, 2021; Neligan et al., 2023). This approach creates incentives for manufacturers 

to design products to last longer, to be recyclable or reusable after their original use. 

 

The product-specific and waste legislation requirements described above exemplify how the information re-

quirements for products are increasing within the EU. However, the discussion regarding the DPP goes be-

yond the issues of sustainability and circularity, as it could also become relevant for all mandatory product 

information such as CE marking under the New Legislative Framework in relation to evidence of conformity 

or access to market surveillance (DIN/DKE/VDI, 2023). The DPP can play an important role in systematically 

holding and providing the necessary data and information. In addition, the systematic impact analysis of pos-

sible environmental effects over the entire life cycle (life cycle analysis) of products and production resources 

is becoming increasingly important in an industrial context. This requires standardized data structures of life 

cycle relevant data in the DPP (see also DIN/DKE/VDI, 2023). The DPP must therefore be indirectly designed 

to record certain characteristics, such as ecological or CO2 footprints or material flows of products. However, 

it must also hold information that extends the life cycle, including information to facilitate repair, remanu-

facturing and/or recycling. 

3.3.2 Technical requirements 

For cross-sector and cross-system use as well as data provision by various actors, the DPP must meet diverse 

technical requirements. Central are both consistent basic elements and structures with essential information 

analogous to a passport and a user-centric, digital solution through uniform methods and tools as well as 

instructions for use suitable for the target group (DIN/DKE/VDI, 2023). At the same time, data integrity, data 

security and data protection must be ensured via standardized, secure digital identities and access rights. 

The European Commission (2022a) also refers to the important role of standards for DPPs in Article 9 of the 

proposed EU Ecodesign Regulation. The DPP must be associated with a unique product identifier. The data 

carrier must be placed on the product, its packaging or the documentation accompanying the product in 

accordance with the applicable delegated acts. The data carrier and unique product identifier shall comply 

with the ISO/IEC 15459:2015 standard. All information contained in the product passport shall be based on 

open interoperable standards and shall be machine-readable, structurable and searchable. Interoperability 

refers to the ability of different systems, techniques or organizations to interact. The specific access rights 

are decided at the level of the defined product groups in the delegated acts (see Chapter 2). The EU 

Commission thus already recognizes that open and interoperable standards are necessary to facilitate the 

technical interpretation of data and to avoid cost-intensive mappings at the interfaces. 

 

Article 10 of the planned EU Ecodesign Regulation currently provides for the following data- or digitalization-

specific requirements: 
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◼ Full technical, semantic and organizational interoperability for seamless collaboration between dif-

ferent systems 

◼ Free access to the product passport for consumers, economic operators, for example various manu-

facturers, and other relevant stakeholders on the basis of their respective access rights set out in the 

delegated acts 

◼ Secure data storage and data processing 

◼ Ensuring the authenticity, reliability and integrity of the data 

◼ Data security and data protection 

Jansen et al. (2023) identify the following technical requirements (based on the ISO/IEC 25010:2011(en) 

standard on system and software quality requirements and assessment) in addition to regulatory compli-

ance: 

 

◼ Functional suitability in terms of completeness, correctness as well as appropriateness and suitability 

for the respective sector or industry 

◼ Security, confidentiality, and intellectual property protection via the secure exchange of DPP data 

between value chain actors. 

◼ Accessibility for companies also via digital end devices if no stationary IT system is available; access 

controls for confidentiality and protection of intellectual property  

◼ Interoperability 

◼ Modularity and adaptability of required data contained in a DPP 

◼ Availability and timeliness of data 

◼ Portability of unique product identifiers across different information systems 

4 Readiness of companies for DPPs 
This chapter presents  the level of readiness of companies to implement a DPP to strengthen a circular econ-

omy, both from the perspective of new product requirements and digitalization. 

4.1 Prerequisites for the implementation of a circular product range 

From a company perspective, a circular economy extends customer care throughout the entire product life 

cycle. Even after the sale and product use, it becomes more important for companies to return products to 

their value chain. Novel forms of products and services and new combinations of these are key to developing 

circular business models (Neligan et al., 2023). Few companies are comprehensively aligning their business 

model in a circular way, for example by looking at the entire life cycle, optimizing design, and/or developing 

new business models. The focus to date has been on energy and process optimization (Neligan et al., 2021). 

In addition, many companies are still in the early stages when it comes to circular business models. Neligan 

et al. (2022) show that so far only a few companies in the manufacturing sector are aiming for new business 
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models, new markets or networking with players along the value chain. Yet, companies that already compre-

hensively pursue circular strategies are further along and more successful than companies without circular 

strategies (Lichtenthäler/Neligan,2023). In addition to the ecological effects, a circular economy also has eco-

nomic potential. A study by Deloitte/BDI (2021) estimates the additional gross value added to be 12 billion 

euros per year by 2030. 

 

Important product characteristics to improve recycling are a long durability, multiple use, reparability and a 

low and/or environmentally friendly use of raw materials. That is why these requirements are part of the 

future EU Ecodesign Regulation. As part of the 2022 summer wave of the IW-Zukunftspanel, a regular repre-

sentative company survey, 1,200 companies in industry and industry-related services provided information 

on products and/or services that strengthen internal and cross-company circularity. Since a purely sectoral 

approach is insufficient, the companies were categorized based on their sales distribution into pure produc-

ers, pure service providers, or whether they produce goods and offer services (combined product-service 

providers). When asked about the relevance of circular product characteristics, Neligan et al. (2023) reveal a 

differentiated picture overall for producing companies (Figure 4-1): Some relevant product characteristics 

such as durability are already strongly pronounced, as they are part of the ‘Made in Germany’ quality prom-

ise1 ; this is followed by aspects such as environmental impact and resource efficiency. Other characteristics 

such as reparability, ease of maintenance and refurbishment are not yet in focus as essential characteristics 

of products but are nevertheless necessary for the transformation to a true circular economy and will gain in 

importance in the context of the planned EU Right to Repair. Combined product-service providers also al-

ready classify these characteristics as more relevant than pure producers. They can play an important role 

here, as they can design products according to these criteria and at the same time offer the appropriate 

services.  

Figure 4-1: Meeting ecodesign product requirements 

Percentage of companies for which the following aspects of products are ‘(rather) important’ 

 

Source: IW-Zukunftspanel (2022), own calculations 

_________ 
1 ’Made in Germany’ which is considered synonymous with high quality, stands for products whose essential manufacturing steps 

take place in Germany (Salewski, 2016). The seal of approval of the ‘Made in Germany’ initiative is even stricter and specifies a 

share of the value chain (excluding raw materials) provided in Germany of 100 percent (Initiative Made in Germany, 2022). 
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The extension of customer support to the entire product life cycle has so far been realized primarily via prod-

uct-oriented services to increase service life, such as maintenance and repair services. Usage- or result-ori-

ented services that enable sharing and passing on have hardly played a role so far. A minority of companies 

are realigning or planning to realign their business model for circularity. Rather, existing products, services 

or their processes are being adapted in preparation for closed-loop management. About a quarter of both 

pure service providers and product-service providers are not only making minor adjustments to their product 

portfolio or processes to improve circularity but are also working on a new circular business model at the 

same time (Neligan et al., 2023). 

 

Overall, the topic of the circular economy has not yet reached the mainstream of companies. Digitalization 

is an essential prerequisite for the circular economy, as it enables the collection, processing and evaluation 

of data to assess and measure the success of circularity and associated circular business models. Digital tech-

nologies make resource efficiency and circularity measurable and savings potentials usable. Greater resource 

efficiency can be achieved in companies through more digital efficiency measures. Few companies are adopt-

ing highly digital resource efficiency measures. Frequently used measures to optimize processes and energy 

consumption, as well as the use of new technologies in operations, are the most likely to exhibit a high degree 

of digitalization (Neligan et al., 2021). Neligan et al. (2022) also show that the introduction of additional ser-

vices to a product (product-service systems) becomes easier the more data, digital networking are available 

and the higher the degree of digitalization of the business models. However, the use of efficiency-oriented 

and circular product-service systems is not yet very widespread, regardless of the business model. 

4.2 Requirements for the implementation of the DPP in companies 

This subsection shows that many companies in Germany do not meet the requirements for implementing 

the DPP yet. Companies must have a certain level of digitalization, hold and process data digitally, and also 

share it with other companies. 

4.2.1 Degree of digitalization of the company 

The level of digitalization of the company plays an important role in the implementation of the DPP, regard-

less of its position in the product lifecycle. Advanced in-house digitalization, reflected in particular in digital 

processes, is required to enable the efficient capture, storage and use of product information for the DPP. 

However, factors external to the company that form the framework conditions for in-house digitalization 

also play an important role. For example, the technical infrastructure outside the company (especially the 

availability of Internet with high bandwidths, but also the legal framework) should be designed in such a way 

that it favors the digitalization of companies.  

 

The Digitalization Index, which has been collected annually since 2020 on behalf of the German Federal Min-

istry for Economic Affairs and Climate Protection, demonstrates the development of digitalization at compa-

nies in ten different industry and service sector groups. To this end, it measures various digitalization indica-

tors in five internal and five external categories. 2 

_________ 
2 Internal categories include processes, products, business models, qualification, and research and innovation activities. External 

categories include technical infrastructure, administrative-legal framework, society, human capital, and research and innovation 

landscape. 
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The results show that the sectors surveyed are very differently digitalized and are continuing to digitalize 

only gradually overall (Figure 4-2). The clear leader in all three survey years is the information and commu-

nications technology (ICT) sector, which reaches a score of 276 points in 2022 - more than 2.5 times the 

sector average. Vehicle construction holds its own in second place. In third place in 2022 are the business 

service providers, which outrank the electrical and mechanical engineering industry group. Business service 

providers include, for example, architecture and engineering firms, auditors and management consultants.  

Figure 4-2: Digitalization of industries in Germany 

Results of the Digitalization Index for the years 2022, 2021 and 2020; normalized average 2020 = 100 

 

Source: Büchel/Engels (2022c) 

 

The sectors of other production industries (including energy and water supply, wastewater and waste dis-

posal, and construction), trade, other manufacturing, transport and logistics, and tourism are clearly below 

average. They score a maximum of 77 points. The difference with the leading industries is striking. To be able 

to implement DPPs, it is important that the digitalization of companies improves dynamically across all sec-

tors and increasingly converges at a high level as far as possible. Especially for products with a high share of 

intermediate inputs, it is likely that companies from different industries are involved in the lifecycle of this 

product. If these companies have very different levels of digitalization, it is likely that the DPP cannot be filled, 

updated, and transmitted transparently, efficiently, and without errors.  

 

A significant increase in the level of digitalization across all industries is not in sight so far. In some index 

categories, there is regression in some industries in 2022 compared with 2021. It is likely that this is due to 

the confluence of various crises, including the pandemic and the Ukraine war. Cost pressure and uncertainties 

facing companies in Germany are still particularly high. Exceptional political and economic developments are 

leading to exceptional behavior on the part of companies - for example, with regard to investment in digital-

ization. It is possible, for example, that digital advances ventured during the Corona pandemic - such as the 

development of a digital product - will be discontinued again due to the ongoing exceptional situation. 
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The European Commission's Digital Economy and Society Index (DESI) also provides information on the ex-

tent to which companies in Germany meet the requirements for implementing the DPP. Two indicators in 

the index category ‘integration of digital technology’ are particularly revealing. Only 38 percent of companies 

in Germany exchanged information electronically in 2021 (Electronic Information Exchange indicator; Euro-

pean Commission, 2022c). However, this electronic exchange of information is a key prerequisite for the DPP. 

The EU average is also only 38 percent. Solely 32 percent of companies in Germany (EU: 34 percent) use cloud 

technologies. However, these are important for storing DPP information efficiently and securely.  

 

Overall,  the data suggests that many companies in Germany are not yet digitally positioned to the extent 

that they could implement the DPP.  

4.2.2 Handling data in the company  

As part of the digitalization required to implement the DPP, it play a crucial role how companies handle data. 

Comprehensive data storage, efficient data management and intelligent data use are essential to collect, 

manage and update the information for the DPP. Companies must ensure that they have the necessary pro-

cesses and technologies in place to collect, store, process, and retrieve product information as needed. 

 

According to Büchel/Engels (2022a; 2022b), if a company is ‘data economy ready’, it fulfills the requirements 

for being able to manage data efficiently. Data economy readiness is thus an adequate indicator that can 

show whether companies meet the requirements for implementing the DPP. Data economy readiness there-

fore complements the digitalization indicators mentioned in the previous subsection. 

 

More specifically, data economy readiness is about the extent of digital data storage, the way in which data 

is managed, and the diversity of data use.3 In 2021 and 2022, more than 1,000 companies from the industrial 

and industry-related services sectors were representatively surveyed on their data economy readiness. In 

2021, 29 percent, and in 2022, 31 percent of the companies were ‘data economy ready’ (Figure 4-3). It is 

more often the large companies with more than 250 employees that meet the requirements for being able 

to manage data efficiently. Among these, as many as 77 percent will be ‘data economy ready’ in 2022. Among 

companies with up to 49 employees, the figure is only 30 percent. To be able to implement the DPP in Ger-

many, it will be necessary for many more companies to be data economy ready. 

_________ 
3 Data storage is about the extent to which personnel data, product data, production and process data, customer master data, cus-

tomer usage data, supplier data, financial data, and research and development data are stored digitally. Data management in-

volves the use of data governance, the systematic and standardized collection and review of data, the existence of standardized 

and permanent interfaces for internal data exchange, the evaluation of data, the existence of consent management in accordance 

with data protection law, the existence of a data strategy, and the search for new data sources and opportunities for data use. 

Analysis is about the extent to which data is used for the following purposes: analysis, visualization and documentation, automa-

tion and control, forecasting of process and market developments, (further) development of products, services and business mod-

els, advertising and marketing, sale of data, and giving away data free of charge. 
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Figure 4-3: Data Economy Readiness 

Percentage of companies in Germany that meet the requirements to manage data efficiently 

 

Source: Büchel/Engels (2022b) 

 

For example, a DPP cannot be implemented if some of the product data is still stored in analogue form. This 

is the case for 38 percent of the companies surveyed. The same applies to the establishment of data govern-

ance: Effective framework conditions are needed so that companies can manage and use data efficiently. 

The core task of data governance within a company is to ensure that data is made available in a controlled 

manner at the right time and in the right place exclusively for those authorized to access it and in the required 

data quality (Engels/Schäfer, 2020). In addition, data governance ensures that the company is ‘compliant’ 

regarding both external and internal specifications and guidelines for handling data. Hence, data governance 

is the basis for ensuring data quality and data integrity, which in turn are central to the implementation of 

the DPP. 

 

To ensure a consistent and meaningful DPP, companies must ensure that their data is of high quality. This 

includes reviewing and cleansing existing data and using standards to capture new data. Product information 

must be consistent and comparable. Companies should implement mechanisms to verify data quality, for 

example through automated validation processes or regular audits. 

 

In addition, data integrity is important. Companies often have various internal systems and databases in 

which product-relevant information is stored. To successfully implement a DPP, these data sources must be 

integrated. This may require the implementation of interfaces or the use of databases that bring together all 

relevant information. Companies must ensure that data integrity is maintained and that tampering, or falsi-

fication of product information is prevented. They must establish clear policies and procedures for accessing 

product information to ensure that only authorized individuals can access the data. At the same time, mech-

anisms for monitoring and logging data access should be implemented to ensure data security. 

 

Ensuring data security - and also data protection - is particularly necessary because a DPP can be linked to 

sensitive product information. In addition to appropriate security measures, companies must comply with 

the legal requirements of data protection. 
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Data governance forms the framework for data quality, data integrity, data security and data protection. 

Data management puts these into practice. Accordingly, companies need clear guidelines on how to handle 

product information and how to record, update, store and delete it. To date many German companies are 

still a long way from comprehensive data governance. For example, only around 31 percent of companies in 

the data economy readiness survey in 2022 state that they have data governance in place (see also 

Büchel/Engels, 2023). 

4.2.3 Data sharing with other companies 

In addition to the efficient handling of data in one's own company, it is important for the implementation of 

the DPP that companies are able and willing to share data with other companies. So-called data sharing con-

siders both the receipt of data from other companies or institutions and the provision of data to other com-

panies or institutions. Both are relevant for the implementation of the DPP. 

 

In many cases, various companies, such as suppliers, are involved in the manufacturing of a product. To im-

plement a comprehensive DPP, it is important to work with these partners and establish a common data 

structure. Effective communication and coordination are essential to ensure that all relevant product infor-

mation is captured, shared and updated. Companies must generally be willing to share their product infor-

mation in a common data pool to enable a unified and interoperable product passport. At the same time, 

cross-company data sharing increases the speed of product design when pre-product characteristics are di-

rectly digitally integrated into computer-aided design and enterprise resource planning application systems 

without loss of information. 

 

According to the unpublished results of the representative Data Economy Readiness survey conducted in the 

fall of 2022, which also forms the basis for Büchel/Engels (2023), companies in Germany that give away prod-

uct data generated internally at all give away 47 percent of their product data to other companies. Con-

versely, companies that generally obtain product data from other companies receive an average of 52 per-

cent of the product data used from other companies. Overall, however, only 21 percent of the 1,051 compa-

nies surveyed from industry and industry-related service providers hand over data to other companies at all 

(Büchel/Engels, 2023). 38 percent of companies receive data from other companies. To implement the DPP, 

almost all companies in Germany should share product data with other companies. Otherwise, it is not pos-

sible to implement a comprehensive DPP. 

 

Legal concerns regarding data privacy, copyright and/or antitrust law are a reason for 64 percent of compa-

nies not to hand over any data, or not to hand over even more data. When it comes to receiving data, this 

plays a role for 51 percent of companies. In a similar survey of 1,002 industrial companies and industry-

related service providers in fall 2021, 68 percent cited legal obstacles to sharing data in Germany (Büchel/En-

gels, 2022a). Of these, 88 percent had data protection concerns, and 77 percent feared unauthorized access 

by third parties. These concerns must be allayed by clear and also unambiguously communicated legal frame-

work conditions if companies are to implement the DPP successfully. Data protection and security aspects 

play a key role, especially when data is transferred between companies. Companies must be able to ensure 

that they make appropriate legal and contractual arrangements to guarantee the security of the data and 

ensure compliance with the applicable data protection regulations (see also Fries/Scheufen, 2019, and 

Fries/Scheufen, 2023).  
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Technical obstacles to data sharing also need to be resolved. In the 2021 survey, 22 percent of companies 

cited technical barriers (Büchel/Engels, 2022a). Of these, 67 percent criticized a lack of standards for data 

sharing, 62 percent reported a lack of technical knowledge, and 47 percent saw a lack of scalability of the 

technical infrastructure as an obstacle. Technical concerns about data security were a reason for 46 percent 

of companies in the 2022 survey not to hand over data or to hand over even more data (Fraunhofer ISST, 

2023). Implementation of the DPP requires interfaces between the players involved and the technical tools 

to enable everyone to populate and read out the DPP. 

5 Possible structure of a DPP 
This chapter addresses the possible structure of a DPP by presenting content-related and technical elements 

and standards available for their implementation. In addition, a technically directly implementable DPP pro-

totype based on the ECLASS data standard in combination with the Asset Administration Shell (AAS) of the 

Industrial Digital Twin Association (IDTA) is illustrated. 

5.1 General structure 

The structure of a DPP must consider various content-related and technical aspects so that the Product Pass-

port can provide information digitally along the value chain or the life cycle of products. Content aspects 

relate to what information is integrated into the DPP and technical aspects relate to how the whole thing is 

implemented. 

 

Content structure 

The content structure of the DPP must provide the framework to capture and structure all necessary infor-

mation about the product. This information makes it possible to provide unique identification of the product, 

such as details of the manufacturer, serial number and model. In addition, the product itself and its charac-

teristics, such as details of parts/components, appearance or functions, can be described using the infor-

mation. Environmentally relevant information, such as details of the CO2 footprint, can also be mapped trans-

parently in this way. The scope of this information is flanked by legal requirements regarding the content 

requirements for the DPP (see Chapter 3.3.1). In particular, the different life cycle phases of a product result 

in different information and requirements for the structure of the DPP. This results in the following require-

ments: 

 

◼ Semantic information in the sense of master data: The information to be recorded relates to various 

aspects and properties of the product and comes in part from different sources. Properties in this 

context are the necessary and relevant information for the product, which is required for identifica-

tion, description and life cycle assessment.4 Therefore, it is necessary to process the entire range of 

information, which represents, for example, numerical or alphabetical data with and without a refer-

ence quantity (for example, units). 

◼ Changing semantic information: While information identifying the product is entered once and 

uniquely, other information changes with each production step. For example, the total weight of the 

product, which changes with each added part, or the total ecological footprint of the product, which 

changes with each production step and along the life cycle of the product.  

_________ 
4 The exact definitions of characteristics or properties can be found in IEC 61360 (VDE-Verlag, 2017). 
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◼ Growing information content: The information content of a DPP grows along the value chain, as each 

manufacturer/marketer of a reportable product fills out a DPP and must take into account all infor-

mation on all components of the product (for example the DPPs of the precursors).  

 

Technical structure 

Technically, the structure of the DPP is intended to support the transfer of information about a product be-

tween systems in the form of data. These are not transmitted as individual instances but bundled together. 

This is done in such a way that each instance has a meaning or a reference to the atomic component of the 

product; this is also referred to as semantic information. The DPP bundles data, transports it and thus func-

tions as a so-called transport container from a technical point of view. The DPP should not only be viewed by 

people such as manufacturers, suppliers and consumers and processed according to their authorizations, but 

should also be readable by machines and application systems: 

 

◼ Exchange between/within companies: Information exchange can take place between companies, 

but also occurs between successive production steps or areas within a company. 

◼ Exchange between technical systems: The structure of the DPP must correspond to the necessary 

logic for communication between technical systems. This involves a variety of tasks ranging from 

physical bit transmission to representation of the information (Laudon et al., 2010). 

◼ Uniform and interoperable access: As a transport container, the DPP is primarily responsible for seg-

menting the data stream, avoiding data backlog and ensuring error-free transmission (ibid.). As a re-

sult, the DPP provides uniform access to the information it contains. It is also interoperable between 

systems. However, information is recorded, structured and prepared differently. Technically, there 

are different transport containers and not everyone is suitable for transport for information struc-

tured in a certain way. Semantic information and transport containers must fit together technically, 

otherwise the information cannot be interpreted or can only be interpreted with effort. 

Ideally, therefore, the DPP should be structured in such a way that the information that ensures clear identi-

fication of the product, a precise description of the product and its properties, and all environmentally rele-

vant information can be entered in the DPP. In this way, the various details, changing information and grow-

ing information content can be tracked. Technically, this is favored if the DPP serves as a transport container, 

for example as a collection and transport object for all information, which receives, arranges and passes on 

the information from various internal and external transmitters. 

 

Modular structure 

To meet the content-related and technical requirements of the DPP, a modular structure is expedient. Like a 

modular system, the required components can be brought together. It is essential that the individual com-

ponents of the DPP also fit together. The structure of a DPP can be simplified by analogy with a train (Figure 

5-1): 

 

◼ DPP: A DPP for a product is represented by an entire train, including locomotive and wagons. This 

DPP is created by the distributor of the product or the train is put on the rails by him. The DPP consists 

of unchangeable information concerning only this one product and uniquely identifying it, repre-

sented by a locomotive and further information describing the product, its characteristics and func-

tions, as well as information on environmentally relevant factors and the life cycle of the product, 

represented as wagons.  
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◼ Transport container: Suitable transport containers are required to be able to transport the infor-

mation in the DPP. The following applies here: not every type of transport container is suitable for 

every type of information. Similar to the transport of goods by rail, not every wagon model is suitable 

for every content. For example, there are special wagons for the safe and best possible transport of 

gas, bulk goods or tree trunks. This logic can also be applied to the DPP.  

◼ DPP system: The DPP system is represented by the rail network in this analogy. Without underlying 

infrastructure, no information can be transmitted.  

◼ Standards: Standards form the missing link between recorded information and technical infrastruc-

ture. The information data must fit together and be able to be integrated by the distributor to be able 

to create a complete DPP at the end. Standards form the coupling, so to speak, between the locomo-

tive and the individual rail cars, making the information compatible with each other and, above all, 

holding it together. But standards are also crucial for the DPP system: without a standardized track, 

the train cannot run. The analogy can be applied arbitrarily to the train in terms of standards. 

 

 

Standards for semantics and transport containers establish transparency, sustainable information and in-

teroperability, so that interpretation costs are eliminated. They are also relevant when a distributor of a 

product sources precursors from other manufacturers. The information on these precursors is integrated 

from their DPPs into the DPP of the product. In the train analogy, this would mean that another train is 

Figure 5-1: Simplified representation of the structure of a DPP 

What information should be stored and how can this be implemented?  

 
 

 

Source: Own representation 
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integrated into the train.5 However, this only works if the DPPs are compatible or interoperable, the trains in 

the analogy run with the same gauge and use the same coupling system. The DPP contains more information, 

or the train becomes longer, the higher the number of individual components or wagons. 

 

Mastering complexity 

The amount of information to be processed in a DPP for a product depends in particular on how complex its 

production is. In the case of a simple product such as a screw, it can be assumed that it consists of few com-

ponents and undergoes only a few production steps. Thus, it is to be expected that the DPP of this product 

also contains only a few properties. As the complexity of a product increases, for example in the case of 

devices such as a fuse or systems such as a control cabinet, which in turn are made up of subproducts or 

subsystems, the number of components it consists of also increases. As a result, the DPP must capture more 

information and contains a large number of properties (Figure 5-2). In Chapter 5.3 provides an example of 

this based on the ECLASS data standard. 

Figure 5-2: Number of properties of a product contained in the DPP 

Number of properties increases with complexity of the product 

 
 

Source: Own representation 

 

In line with Germany's economic structure, local DPPs have to meet complex requirements. In terms of gross 

value added, the German economy is dominated by services (69 percent), but German industry, with its typ-

ically complex products, is still relatively important, especially in comparison with many other European 

_________ 
5 In practice, whether this train is integrated including the locomotive or only the wagons depends on the process, the lifecycle 

phase and the product. 
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countries. The manufacturing industry (excluding construction) still plays an important role with 23 percent 

(2022). Every fifth euro in Germany is generated in the manufacturing sector alone (Destatis, 2023). The 

complexity of products increases when they consist of a large number of inputs (manufactured goods, ser-

vices, raw materials and energy). In the manufacturing sector in Germany, the share of intermediate inputs 

was 69 percent in 2022 (Destatis, 2023; IW Consult, 2023). Interconnectedness via intermediate inputs means 

that the DPP of a final product consists of many individual DPPs. 

 

Performance 

Depending on the industry and the complexity of the products, there are different requirements for the DPP 

or the performance of the DPP system. More powerful systems and information models are important for 

industrial purposes and highly complex products, but are useless and too bureaucratic for other industries, 

as they become quite complex and require technical prerequisites that are not available everywhere. An 

example of a simple DPP system is a QR code-based label, which might suffice in certain industries, such as 

textiles, but is not suitable for data transport for more complex products. It can therefore be assumed that 

the structure of a DPP can vary from industry to industry, even if the same technical and content require-

ments exist. 

5.2 Available standards 

To ensure that all stakeholders involved can view and add to the necessary information about the product, 

it is imperative to have a structured and, above all, standardized way of collecting, storing and passing on 

information. A standard is a written statement that presents requirements, specifications, guidelines or char-

acteristics. Its coherent application ensures that materials, products, processes and services are suitable for 

their intended use and can be applied accordingly (ISO, 2017). Therefore, data standards are an important 

basis for building DPPs. Global standards are a useful tool (GS1 Germany, 2023). Under the EU Ecodesign 

Regulation, the European Commission plans that all information contained in the DPP should be based on 

open standards in an interoperable format that must be machine-readable, structured, and searchable (Eu-

ropean Commission, 2022a, Article 9d). 

 

The complexity of the DPP concept is once again evident in the standards. The balancing act between cross-

sector and cross-system, but nevertheless specific specifications requires a high degree of coordination 

(DIN/DE/VDI, 2023). Therefore, it is necessary to deal not only with the different requirements, but also with 

existing standards for the corresponding product groups or sector (groups). While industry-specific solutions 

can achieve faster standardization within the industry, comparability across different industries is no longer 

possible. Cross-industry standards offer the advantage of ensuring interoperability rather at the end of the 

value chain. It would therefore make sense for the DPP to implement standardized information collection 

across industries. In addition, the phase of the product life cycle as well as the process stage within the data 

transmission influence the required standards, since, for example, standards in connection with disposal only 

become relevant at the end of the product life cycle. 

 

A schematic overview of the multitude of interfaces of standards with a DPP gives Figure 5-3. Standards are 

required at every step in the collection of information from acquisition, storage, processing, to assembly, 

appearance, transmission and readout of the DPP. Among other things, standards regulate the handling of 

product-related data in the DPP. They provide uniform designations and documentation requirements. In 

this way, information losses at the interfaces within and between companies can be avoided and a uniform 
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understanding of the information can be ensured (Engels, 2017). Data standards above all facilitate the 

exchange of data between companies, which is essential in the context of the DPP. Predefined structures, 

such as those provided by the ECLASS data standard, optimize the business processes associated with data 

exchange by ensuring standardized semantics. All players along the value chain can benefit from this (ibid.). 

 

Figure 5-3: Schematic illustration of the relevance of standards for the DPP. 

Information collection along the life cycle axis of a product 

 
 

Source: Own representation 

 

(Data) standards are also important for the transformation to a circular economy. Thinking and doing busi-

ness in cycles requires a much greater willingness to cooperate and communicate from all the players in-

volved along the value chain than in a linear economy. Circular business models need networking and collab-

oration, because only through the combination of individual circular business models does an overall circular 

economy become established (Fluchs et al., 2022). To preserve the value of a product for as long as possible, 

not only manufacturers must take on more responsibility, but also the coordination between the actors must 

increase. The transition to a circular economy is therefore not only associated with a radical transformation 

of entire value chains, but also with increasing demands on the management of complexity. Standardized 

information collection is what makes it possible to implement repairs, recycling or resource conservation 

across the board in the first place. Norms and standards therefore not only simplify processes, but also have 

a positive effect on the economic efficiency of circular strategies (DIN/DKE/VDI, 2023). At the same time, 

competitive advantages can also be expected for companies operating in a circular manner compared to 

linear-oriented companies (see also Chapter 4.1). 

 

For the implementation of the structure of a DPP described in this report (Chapter 5.1), standards from the 

following three areas are particularly relevant: 

 

◼ Data standards for identification. They enable clear and overlap-free marking of products. For this 

purpose, type plates or QR codes already exist in industry that refer to identifying labels. 
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◼ Data standards for classification and description. They provide a uniform description of products 

and their characteristics for their comparison. The classification provides a kind of commodity group 

technical classification of the product. The description shows the product-specific characteristics and 

features of the product. Examples of this type of data standard are the ECLASS master data standard, 

ETIM6 , a standard for the exchange of product data of electronic products or the United Nations 

Standard Products and Services Code (UNSPSC)7 , a standard for e-procurement. 

◼ Standards for the collection of environmentally relevant information. They enable reliable and uni-

form details of required environmental information. This includes the specification of comparable 

emissions such as CO2 and other greenhouse gases along the product life cycle, which follow stand-

ardized calculation methods. In addition, information on disposal is described, which can be found in 

the product manuals. In Germany, for example, DIN ISO 14064-1 and the Corporate Standard of the 

Greenhouse Gas Protocol are widely used for the recording of greenhouse gases by companies 

(WBCSD/WRI, 2004). 

The specific standards that must be met depend on the industry or the product. Formalized requirements 

are recorded in the form of standards. Standards are generally recognized and binding rules and benchmarks 

that are used to evaluate the quality, performance and safety of something. Since the DPP is discussed as an 

instrument for promoting a circular economy, the additional standardization requirements that arise with 

regard to meeting the demands of a circular economy are also examined. These are identified in Germany as 

part of the standardization roadmap for various sectors. To consider the entire product life cycle, this process 

is based on the strategies for a circular economy developed by Potting et al. (2017) and Kirchherr et al. (2017), 

the so-called 9R strategies8 . Regarding the DPP, normative bases are generally required ‘for the structure for 

grouping product-specific content and its presentation’ (DIN/DKE/VDI, 2023). However, national and inter-

national standardization institutes such as DIN, DKE/VDE, CEN, CENELEC and ultimately ISO and IEC standards 

are being developed and published, but so far no digital standards to fulfill a DPP or digital data exchange. 

 

The transformation to a circular economy brings with it many standardization needs. The implications that 

arise from this for the DPP are currently still undetermined. The requirements can nevertheless be imple-

mented at an abstract level. By creating an infrastructure (DPP system) for the DPP that is flexible enough to 

accommodate cross-sector and cross-system information and at the same time specific enough to comply 

with concrete requirements for relevant sectors, standards and norms can be integrated into the structure 

of the DPP. In this regard, the proposal for the EU Ecodesign Regulation refers, among other things, to the 

GTIN (Global Trade Identification Number) according to the ISO/IEC 15459-6 standard or an equivalent iden-

tifier of products or parts thereof. 

5.3 DPP prototype based on the ECLASS data standard 

The present DPP prototype addresses the need of German industry to map complex interrelationships in the 

value creation of products in a DPP (see also Chapter 5.1). The presented DPP is therefore especially 

_________ 
6 The ETIM standard is the international standard for the classification of technical products for B2B product data exchange. Origi-

nally, ETIM stood for "Electrotechnical Information Model". Today, the ‘E’ in ETIM no longer represents a concrete term, as it has 

been extended to other industries and is used worldwide. (ETIM Germany, n.d.) 
7 The UNSPSC is a classification system of merchandise management that is used especially in e-commerce in the American area 

(UNSPSC, 2023). However, UNSPSC lacks semantic features for description. 
8 R0 Refuse, R1 Rethink, R2 Reduce, R3 Reuse, R4 Repair, R5 Refurbish, R6 Remanufacture, R7 Repurpose, R8 Recycle, and R9 Re-

cover (Potting et al., 2017; Kirchherr et al., 2017). 
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technically designed to have robust characteristics to capture required content and the given complexity of 

product properties. The design of the prototype is based in particular on matching the content and technical 

requirements with a suitable data standard. This iterative process requires addressing the following questi-

ons: 

 

◼ Which data standard is both suitable for a uniform semantics of information collection in the DPP 

and for its technical implementation? 

◼ What content needs to be captured to enable unique identification, description and life cycle assess-

ment for the product? 

◼ What is the modular technical structure, especially with regard to the transport container for data 

transport and access authorizations to information?  

 

A concrete proposal for a technically directly implementable DPP prototype based on the ECLASS data stand-

ard in combination with the ASS explained:  

 

Data standard 

One data standard that meets the above requirements is ECLASS. It is a standard for the classification and 

unique description of products and services (ECLASS, 2023). Compared to other data standards such as the 

Common Procurement Vocabulary (CPV) of the EU9 or the UNSPSC, ECLASS is applied globally. Moreover, 

ECLASS is applicable across industries, unlike, for example, the ETIM data standard, which has to be cut to 

the electrical industry. The use of such a data standard ensures the uniform preparation of product data, the 

possibility of translating the information into other languages and the digital exchange on an international 

level. The ECLASS Standard appears to be particularly suitable for meeting the requirements of the DPP, as it 

also provides a uniform data structure, the use of unique codes, the annual adaptation of the data standard 

to the requirements of different industries, markets and product innovations. In addition, human-readable 

standards from ISO and IEC are implemented in ECLASS in a semantically machine-interpretable way. This is 

important for the European manufacturing industry to ensure that their products placed on the market con-

form to the standards. 

 

Contents 

It has not yet been decided which properties a DPP must compulsorily record. However, the ECLASS Standard 

covers various industries as well as product and commodity groups. The prerequisite for a broad field of 

application is therefore given. The ECLASS Standard primarily provides a structuring principle for the infor-

mation to be recorded in the DPP.  

 

Properties capture the concrete product attributes, such as width, height, etc., some of which are very prod-

uct-specific: For example, every product has a weight, but the rated voltage is not relevant for every product. 

As a result, certain attributes according to the ECLASS classification are only applicable for certain product 

groups. Depending on the product for which a DPP is created, the properties covered are therefore different 

and no standard catalog can be processed. For the definition of these attributes, standards, for example DIN, 

_________ 
9 The CPV standard is the basis for the EU's common vocabulary for public contracts and serves to provide a uniform description of 

contract items (European Commission, 2008). 
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CEN, ISO as well as DKE/IEC, provide orientation for users and thus also for the DPP. Furthermore, the indus-

try knows which product-specific properties are relevant. Most recently, both European and Asian industry 

have developed further properties for accurate product descriptions directly from the product design and 

standardized them in ECLASS.  

 

The ECLASS Standard is hierarchically structured and comprises various elements (Figure 5-4). The classes or 

product groups allow an initial product grouping and lead to a first order. This order ranges from the coarse, 

for example the assignment of an industry, to the fine, for example the designation of a specific product. The 

classification initially assigns products via the four levels of subject area, main group, group and classification 

class, before the actual properties of the product are listed.  

Figure 5-4: Structure of the ECLASS Standard 

Hierarchical structure with four classification levels 

 

Source: ECLASS e.V., 2023 

 

Modular technical structure 

The choice of transport container has a decisive influence on the design of the modular structure of the DPP. 

The required scope of the DPP (identification, description, life cycle assessment) can be fulfilled with ECLASS, 

but can only be implemented technically if open transport containers are used for data exchange. 

 

Transport containers: Experience has shown that robust transport containers such as the Asset Administra-

tion Shell (AAS) are ideal for the digital image of complex products in industrial sectors, especially when large 

volumes of data have to be transported. The AAS is standardized by the Industrial Digital Twin Association 

(IDTA); it is a consortium standard (IDTA, n.d.). This means that it is currently still being developed by a limited 

group of contributors and has not yet been transferred to standards organizations. Basically, the AAS enables 

the implementation of a ‘digital twin’ for Industry 4.0, for example a digital image of the product. In addition 
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to the AAS, many proprietary containers from individual software manufacturers exist. The AAS is suitable 

for the present DPP prototype because it is an open transport container and allows a modular structure. In 

addition, the entire life cycle of products, devices, and machines can be covered, and the interoperability 

that is important in the DPP can be established across companies (BMWK, 2022; Plattform Industrie 4.0, 

2019). The structure of an AAS is based on DIN EN IEC 63278-1 (structure of the Asset Administration Shell 

for industrial applications) and functions similarly to a modular system. An overarching AAS contains various 

submodels, which in turn bundle the properties for a specific aspect of the product. 

 

A DPP could be designed using the ECLASS Standard as follows (Figure 5-5). A higher-level AAS is created for 

the DPP. This is filled with three submodels that bundle and provide the information required and relevant 

for the product for identification, description and life cycle assessment.  

Figure 5-5: Modular structure of the DPP with ECLASS 

DPP with three submodels of an AAS 

 

Source: Own representation based on ECLASS e.V. (2023) 

 

Depending on the product group, the submodels comprise a predefined catalogue of properties that contains 

the information that must be recorded for a complete DPP for a product, but the specific attributes differ 

from product to product. Table 5-1 provides an overview of possible properties that submodels can capture 

for a product.  
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Table 5-1: Possible contents of a DPP with ECLASS semantics 

Identification, description and properties as well as environmentally relevant information as submodels of the AAS. 

Submodel ECLASS Designation Submodel Properties 

Identification AAS Submodel Nameplate Manufacturer name 
Address 
Serial number 
Year of manufacture 
Markings 

Number of markings 
Markings 

Label name 
... 

Description and 
characteristics 

AAS Submodel technical data (via ECLASS 
classification) [Aspect - AC]. 

Size 

 Form 
Material 
Functions 
... 

Environmentally 
relevant informa-
tion 

AAS Submodel Environmental Footprint Carbon footprint 
Number of PCF methods 
Number of TCF methods 
Product Carbon Footprint (PCF) 

PCF calculation method 
PCF CO2eq 
PCF reference value for the calcula-
tion 
PCF quantity specification for the 
calculation 
PCF life cycle phase 

... 

TCF: Transport Carbon Footprint; PCF: Product Carbon Footprint 

Source: ECLASS e.V. (2023) 

 

Access authorizations 

In addition, the access authorization to the information (private/public) can be defined via the submodels 

(BMWK, 2022; VDE Verlag, 2022). Table 5-2 indicates which allocation underlies the presented DPP proto-

type. In particular, the aim is to protect competition-relevant information and trade secrets, while at the 

same time making all necessary information available to actors along the value chain of products.  
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Table 5-2: Access authorizations of the DPP prototype  

Overview of the access authorizations of the submodels 

 
Public 
(open to the public) 

Private 
(protected, by authorization) 

Identification Information for the unique identification of the product  
(manufacturer, product, year of manufacture, location) 

Description and characteristics 
of a product 

Properties describing shape, size 
and function 

Properties containing infor-
mation relevant to competition 
(e.g. patent information, pre-
scriptions, consumption data) 

Environmentally relevant infor-
mation on the product life cycle 

Regulatory information Industry-requested information 
(e.g. information on data quality, 
internal scorings) 

Source: Own representation 

 

Visual examples 

To illustrate the extent of the complexity and scope of the properties to be captured, two illustrative exam-

ples based on ECLASS follow (see also Table 7-1 and Table 7-2 in the appendix): 

 

◼ Screw: A commercially available screw serves as an example of a product with few properties. Table 

7-1 contains an excerpt of the properties to be recorded. The nameplate submodel records all infor-

mation about the manufacturer of the product. For the description of the screw and the representa-

tion of its characteristics, mainly appearance, size and material are described. This is captured in the 

technical data submodel via the existing ECLASS application class. In this example, the collection of 

environmentally relevant information represents a CO2 footprint calculated on the basis of ISO 14044. 

The calculation is performed for the life cycle stage ‘manufacturing’. 

◼ Feed-through terminal block: The second example shows a DPP for a feed-through terminal block 

(also known as a ‘fuse’). A feed-through modular terminal is a product that, unlike the screw, is made 

up of many components with different characteristics. This results in a large number of properties 

that must be recorded in a DPP. The properties themselves are determined according to the industrial 

requirements intended for this product class and, in parts, according to the standards (DIN, EN, ISO, 

DKE/IEC). Table 7-2 contains an excerpt from the prototype of the DPP for a feed-through modular 

terminal block, which illustrates the scope of the properties to be recorded. 

 

Challenges 

Currently, the properties contained in the submodels are not yet free of overlaps. Parts of the environmen-

tally relevant information are already included in the submodel that captures the description and character-

istics of the product. However, because of new obligations for products under the proposed EU Ecodesign 

Regulation, the information, including material characteristics, will take on a new significance and will require 

its own submodel. This does not initially pose a problem in the first phase of a prototype development, but 

it does reveal relevant starting points for further development. 

 



Digital Product Passport (DPP) 

32 

According to the Circular Economy Standardization Roadmap of DIN/DKE/VDI (2023), it is not clear how data 

that is already publicly accessible in databases is to be integrated or linked in the DPP so that multiple provi-

sion of information at different points is avoided. Clarification is also needed on how to integrate more ex-

tensive information from upstream products or downstream data that arise during the life cycle. ECLASS can 

bundle information in such a way that multiple provision can be avoided and the growing need for infor-

mation in the life cycle can be considered. Currently, there are various public databases for product infor-

mation, some of which contain overlapping information. The public sector has a duty to better bundle this 

information. 

 

Product information can be exchanged along the value chain, as ECLASS data can be used compatibly with 

most product management systems in companies, for example SAP. Key advantages of ECLASS are: 

 

◼ Interoperability between companies and systems is given. 

◼ The modular system allows different transport container formats to be selected and submodels to be 

tailored to a DPP. 

◼ The requirements of the European industry are met. 

◼ Conformity with standards is given and semantically implemented. 

◼ The very broad, but at the same time detailed and specific set-up of the information structuring in 

relation to the application fields and the simple handling enable a practical solution. 

◼ The regular updates provide an advantage over other systems. 

6 Conclusion 
The planned EU Ecodesign Regulation for sustainable products will set the course for products to be more 

closely aligned with circular economy principles in the future. Knowledge of both the upstream stages of the 

value chain and the effects of one's own actions on downstream stages of the value chain is essential for this. 

The DPP is an important enabler, as it provides the necessary data and networking opportunities. The aim of 

the DPP is to ensure better transparency along the industrial value chain by digitally storing product-specific 

information. However, the DPP as such does not ensure lower environmental impacts from products. These 

depend primarily on their design and the choice of materials (European Court of Auditors, 2023). 

 

The current debate lacks a concrete proposal for the implementation of a DPP, although proposals exist re-

garding the requirements for products (ecodesign) as well as data standards for the collection of information 

about the products. 

 

Many companies in Germany also do not meet the requirements for implementing a DPP yet, including suf-

ficient digitalization and comprehensive data management within the company. With this sobering corporate 

reality, the task is to find an implementable solution for a DPP. It is important to keep in mind that manufac-

turers are the primary source of information for DPPs, and therefore they should perceive a DPP approach 

as a benefit rather than a burden (Plociennika et al., 2022). This report outlines a DPP based on the ECLASS 
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data standard, taking into account the already known elementary building blocks for the envisaged European 

solution. 

 

Implementing a DPP is an iterative process. Companies should establish a feedback system to collect cus-

tomer and user experiences and incorporate them into the further development of the DPP. They should also 

continuously monitor technological developments and regulatory requirements and adapt the DPP accord-

ingly. ECLASS can do this as well via its regular updates. For successful implementation, however, not only 

must the technical requirements be met, but employees must have the necessary skills and knowledge. Or-

ganizations should provide training to ensure employees are familiar with the necessary tools, processes and 

best practices. These can include, for example, training on data management, data protection guidelines or 

the use of specific software solutions. 

 

One of the new mandatory and fundamental requirements is that European DPPs should be fully interoper-

able regarding the technical, semantic and organizational aspects of end-to-end communication and data 

transmission. The net benefit of a DPP will strongly depend on the implementation costs. From a macro per-

spective, the DPP will bring far-reaching benefits by increasing market transparency, improving efficiency, 

enabling new business models, and providing greater product and counterfeit security (Deloitte, 2022). Ex-

isting global open data standards for supply chains provide a good foundation for DPP implementation, as it 

minimizes costs and enables rapid time to market. At the same time, manufacturers and industrial users of 

DPPs are familiar with known standards and there are opportunities for increased transparency for consum-

ers, potential for data integration, and data interoperability. In contrast, competing proprietary standards 

would result in significantly higher costs for development and maintenance as well as integration of different 

data. IW Consult is presently calculating the cost reduction potential and macroeconomic impact of an es-

tablished standard such as ECLASS in a typical lifecycle process. This study will be published in the fall of 2023. 
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7 Appendix 

Table 7-1: Example DPP for a screw 

Extract from the DPP for a screw with ECLASS (example data without authenticity reference) 

Submodel Properties Value Unit 

Identification 
AAS Submodel  
Nameplate  
 

Manufacturer name IW Köln  
Manufacturer product designation Example screw  
Address Address  
Serial number 12345  
Year of manufacture 2023  
Markings   

Number of markings 1  
Marking   

Marking name TÜV sign  
...   

Description and  
Characteristics 
AAS Submodel  
technical data (via 
ECLASS classification) 
[Aspect - AC]. 

Width of head (fastener) 12,0 Millimeter 
Length of head (fastener) 12,0 Millimeter 
Head diameter 12,0 Millimeter 
Head details Milling ribs Millimeter 
Flange/collar diameter 3,0 Millimeter 
Sphere radius 2,0 Millimeter 
Height of head over all 7,0 Millimeter 
Head form Hexagon Millimeter 
Thread length of nut size 80,0 Millimeter 
Thread length of screw side 77,0 Millimeter 
Nominal length (inch) 314 Inch 
...   

Environmentally rele-
vant information 
AAS Submodel  
Environmental Foot-
print 

Carbon Footprint   
Number of PCF methods 1  
Carbon Footprint (PCF)   

PCF calculation method ISO 14044  
PCF CO2eq 8,0 Kilogram 
PCF reference value for the calculation Kg  
PCF quantity specification for the calcula-
tion 

10,0  

PCF life cycle phase A3 - Production  
...   

PCF: Product Carbon Footprint 

Source: ECLASS e.V. (2023) 
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Table 7-2: Example DPP for a through terminal block (fuse) 

Excerpt from the DPP for a through terminal block with ECLASS (example data without authenticity reference) 

Submodel Properties Value Unit 

Identification 
AAS Submodel  
Nameplate  
[nameplate] 

Manufacturer name IW Cologne  
Manufacturer product designation Exampleterminal 

block 
 

Address Address  
Serial number 12345  
Year of manufacture 2023  
...   

Description and  
Characteristics 
AAS Submodel  
technical data (via 
ECLASS classification) 
[Aspect - AC]. 

Rated voltage 800 Volt 
Rated current [In] for power loss indication 32 Amps 

Min. line cross section, rigid 0,2 
Square milli-
meter 

Number of contact points per level 2   
Number of levels 1   
Combustibility class V2   
Levels internally bridged No   
Closing plate required No   
Material of insulation Polyamide   
Connection type Screw connection   
Connection type 2 Screw connection   
Min. connectable conductor cross-section fine wire with con-
ductor end sleeve 

0,25 
Square milli-
meter 

min. Operating temperature -60 
Degree Cel-
sius 

max. operating temperature 105 
Degree Cel-
sius 

Width of spacing 
 

6,20 Millimeter 

height at lowest possible mounting 47 Millimeter 
Color Black-white-green   
Length 42,5 Millimeter 

Assembly type 
Top-hat rail TH35G 
rail G32 

  

Mechanical and electrical design (s) 
Mechanical and elec-
trical design (s) 

  

Construction general Construction general   
Size dimension Size Dimension   
type of enveloping body Envelope cuboid   
Width 6,15 Millimeter 
Height 42,5 Millimeter 
Depth 45,8 Millimeter 
Net weight 0,0103 Kilogram 
Mounting design Assembly   
Number of versions of the housing parts 0   
Max. connectable conductor cross-section fine wire with con-
ductor end sleeve 

4 
Square milli-
meter 

Min. connectable conductor cross-section multiple wire 2,50 
Square milli-
meter 

...   

Environmentally rele-
vant information 
AAS Submodel  
Environmental Foot-
print 

Carbon Footprint   
...   

CAx: all computer aided application systems and processes such as Computer Aided Design (CAD), Manufacturing (CAM), Engineering 

(CAE), EVM: Electromagnetic Compatibility, among others. 

Source: ECLASS e.V., 2023  
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