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1. Executive Summary 
The EU is committed to highly competitive, technologically fast developing industries that build on an 
economically independent, climate-neutral and resource-efficient circular economy. The EU Green 
Deal (GD), with sustainability and United Nations Sustainable Development Goals (UN SDGs) as 
overarching principles, emphasizes three foundational aspects: i) climate neutrality, ii) zero pollution 
and iii) circular economy. Via the Chemicals Strategy for Sustainability (CSS), the EU also recognizes 
that boosting investment and innovation capacity for safe-and-sustainable-by-design (SSbD) 
chemicals and products throughout their lifecycle is key to achieving GD goals. To fulfil the above- 
mentioned policy ambitions, there is an urgent need to progress with the transition to SSbD and apply 
the concept to chemicals and materials, and to processes and products at research, industrial and 
societal level. The transition must be based on a lifecycle- and systems-thinking framework to increase 
the cost effectiveness of innovation and enable faster time -to-market for products while anticipating 
future regulatory challenges, addressing safer and sustainable processes, resulting in more functional 
and durable products, and increasing consumer acceptance. The IRISS project aims to connect, 
synergize and transform the SSbD materials community in the EU and globally towards a lifecycle 
approach with a holistic integration of safety, climate neutrality, circularity and functionality of 
materials, products and processes throughout their lifecycle to meet the GD, CSS, and UN SDGs. 

As a first step towards the development of a state-of-the-art SSbD ecosystem that supports the uptake 
and utilization of SSbD strategies by industry, especially SMEs, this deliverable is one of an iterative 
series (M4, M15 and M30) to analyse the value chains in a cradle-to-cradle approach and map the 
relevant stakeholders to support mainly the WPs 1-3 in developing methodologies and outputs that 
reflect the particularities of the industries. This assessment is being conducted in specific value chains 
(VC): packaging (ICP; Industrial Technical Centre for Plastics and Composites), textiles (ETP; EU 
Technology Platform for the Future of Textiles & Clothing), construction chemicals (EFCC; European 
Federation for Construction Chemicals), automotive (CLEPA; European Association of Automotive), 
energy materials (EMIRI; Energy Materials Industrial Research Initiative), and electronics (INL; 
International Iberian Nanotechnology Laboratory), supported by partners Cefic and EMPA together 
with the SusChem NTPs which will represent the upstream steps of chemical products. 

For the plastic packaging value chain, the major safety and sustainability challenges are the reduction 
of harmful additives, and to promote recyclability through capability the production of monomaterial 
packaging. Another important safety challenge is the dispersion of microplastics, which can be 
addressed by reducing or avoiding the production of microparticles. Effectively sorting different 
polymers to optimize their recycling is a significant sustainability challenge, which can be addressed 
by producing monomaterial packaging to facilitate recycling and treatment of contaminated 
packaging for reuse and recycling. The majority of these challenges are being studied to derive 
effective solutions. Others sub-value chains will be studied in the next version of this deliverable in 
M15. 

For the textile value chain, the major safety and sustainability challenges are the environmental 
impacts associated with the production of natural and man-made fibres and their subsequent 
processing and manufacturing to produce textiles. Examples of these challenges include, the depletion 
of soil and water resources in the production of natural fibres (especially cotton), the human health 
and ecological impacts of processing chemicals and effluents and the lack of occupational health and 
basic labour rights in textile and garment factories (mainly in lower cost manufacturing locations 
outside Europe); and the human and environmental health impacts of dying natural fibres. Market- 
related challenges include the assurance of reliability, traceability and transparency of SSbD-related 
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data and information along complex global textile value chains and capacity building among small-to- 
medium enterprises making up most of the textile and clothing value chain. 

For the construction value chain, the major safety and sustainability challenges are related to the use 
of concrete, which has a significant environmental CO2 and water footprint and is difficult to recycle 
and reuse. Such challenges are typically addressed by using concrete admixtures, which reduce CO2 
emissions and water use by up to 20% and facilitates the recyclability and reuse of concrete waste. 

For the automotive value chain, the major safety and sustainability challenges relate to strict 
requirements of end products (i.e. vehicles) supported by complex supply chains (traceability). While 
the sector has managed to quickly adapt to challenges such as CO2 emission standards, by increasing 
powertrain efficiencies (i.e. through electrification or lightweight materials) increasing regulatory 
pressures might require trade-offs. Materials or substances that enable the higher durability of 
automotive parts, may not be optimum for recyclability, life cycle emissions, final cost or natural 
availability. As a result, the automotive sector must simultaneously adapt to the electrification of the 
powertrain, while accounting for material restrictions. Substituting substances can require months to 
years of testing to meet performance and safety requirements. This increases pressures on suppliers 
to select the best materials available in the market. 

For energy materials value chains, the major safety and sustainability challenges are related to the 
development and massive roll-out of low carbon energy technologies (renewable energy technologies, 
electro-mobility, energy storage, energy efficiency, low GHS emissions technologies technology 
options and integration of climate neutral energy in the energy-intensive sectors) which are key to 
energy security and crucial to promoting growth and jobs in this high-tech manufacturing sector. Clean 
and sustainable energy and mobility solutions need to make the energy and transport sectors carbon- 
neutral and durable in a resource efficient and circular economy approach. Challenges include safer, 
healthier, smarter, more flexible, more inclusive and more affordable solutions for an improved well- 
being to all citizens. European energy and transport sectors need to further strengthen global 
competitiveness and autonomy in their value chains. In line with the European Green Deal longer 
lasting products are pursued that can be repaired, recycled and re-used prioritising energy efficiency, 
eco-design, reduction of critical raw materials, reduction of hazardous materials in a resources 
efficient manufacturing environment for water, energy, chemicals and waste. Challenges further 
include efficient manufacturing process with lowest CO2 footprint and sustainable sourcing of raw 
materials by both securing access from resource-rich countries outside the EU and facilitating the 
creation of European sources. A major activity is to secure access to secondary raw materials through 
recycling in a circular economy and hence to optimise the recycling processes. Safety needs to be seen 
from the whole value chain perspective and adaptation of existing standards to encompass the whole 
value chain is to be considered. Along with technology, innovation and investment capacity, one major 
challenge is to ensure the provision of a skilled workforce. 

For electronics values chains, the major safety and sustainability challenges are its resource-intensive 
production processes and difficulties in recycling end-of-life products. The production of electronic 
components requires a broad range of primary materials, including many precious and critical raw 
materials. The production processes also are energy-intensive and require large volumes of water and 
specialized (often toxic) gases, solvents, and solutions. The production processes typically combine 
the highly purified raw materials in very complex structures, including at nanoscale or even molecular 
levels, making them extremely difficult to separate at the end of life. The majority of e-waste produced 
in high-income countries is currently exported to low-income countries for dismantling and 
processing, where only a small fraction of the materials can be recovered: mainly precious metals and 
to some extent rare-earth metals as well as copper and aluminium. For high-performance electronics 
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demanded by consumers and industrial users, there are currently no alternative manufacturing 
approaches, making circularity nearly impossible to achieve by design. Nevertheless, improving 
electronic product designs and processes can support the sustainability of its value chain in a number 
of ways such as by enabling renewable energy use, manufacturing waste treatment and proper end- 
of-life disposal. 

This first deliverable forms the baseline for further work on the VC-specific roadmap development 
(WP3/WP4) supporting the practical operationalisation of SSbD by the different VCs. The industrial 
partners will update and expand existing value chain-specific overviews in M15 and M30 following a 
standard procedure developed by Cefic for better comparability. 
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2. Introduction 
The deliverable D4.1 is to be developed along task T4.1, as a first overview of value chains which will 
be further deepened in M15 and M30: 

Task 4.1 Value chain analysis (Cefic (L), EMIRI, EMPA, INL, EFCC, CLEPA, ICP, ETP, BNN), M1-M30. 

The goal of this task is to analyze the value chains in a cradle-to-cradle approach and map the relevant 
stakeholders to support mainly the WPs 1-3 in developing methodologies and outputs that reflect the 
particularities of the different value chains. This assessment will be conducted by each value chain 
represented by partners EMIRI, INL, EFCC, CLEPA, ICP and ETP (see “Who is IRISS”) supported by 
partners Cefic and EMPA together with the SusChem NTPs which will represent the upstream steps of 
chemical products. The partners will update and expand existing value chain-specific overviews 
following a standard procedure developed by Cefic for better comparability. Furthermore, publicly 
(e.g., Horizon2020, HE, Interreg, etc.) and privately funded initiatives related to the research on or 
uptake of SSbD criteria within the networks will be identified through questionnaires to subsequently 
create open communication channels with said initiatives and relevant organisations which feed the 
developments in T4.2-T4.5. 

Safe-and-sustainable-by-design (SSbD) 

The SSbD concept allows for identifying sustainability (safety (risks concerning humans and the 
environment), environmental, social and/or economic impacts) hotspots at the early stages of product 
innovation and development processes to minimize potential hazard(s) and/or exposure [1], and to 
maximize sustainability. A description of the SSbD concept can be found in the EU Chemical Strategy 
for Sustainability (EU-CSS): “safe and sustainable-by-design can be defined as a pre-market approach 
to chemicals that focuses on providing a function (or service), while avoiding volumes and chemical 
properties that may be harmful to human health or the environment, in particular groups of chemicals 
likely to be (eco) toxic, persistent, bio-accumulative or mobile. Overall sustainability should be ensured 
by minimizing the environmental footprint of chemicals, in particular on climate change, resource use, 
ecosystems and biodiversity from a life cycle perspective”[2]. 

For the human and environmental safety dimensions, the EC Joint Research Center (JRC) has 
developed the framework for SSbD criteria where a two-phase approach is recommended: a (re)- 
design phase in which guiding principles are proposed to support the design of chemicals and 
materials and a step-wise hierarchical approach to address chemical safety, direct 
toxicological/ecotoxicological impact, and aspects of environmental sustainability [3] (Figure 1 Two- 
phase process in the JRC framework for the definition of criteria and evaluation procedure for chemicals and 
materials (adapted from JRC Report, 2022 ). 
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Figure 1 Two-phase process in the JRC framework for the definition of criteria and evaluation procedure for 
chemicals and materials (adapted from JRC Report, 2022 [3] 

‘by-design’ phase 
In the (re)design phase, SSbD principles have been identified by the EC JRC including: 
1. SSbD1 Material efficiency, 
2. SSbD2 Minimise the use of hazardous chemicals/materials, 
3. SSbD3 Design for energy efficiency, 
4. SSbD4 Use renewable sources, 
5. SSbD5 Prevent and avoid hazardous emissions 
6. SSbD6 Reduce exposure to hazardous substances 
7. SSbD7 Design for end-of-life, 
8. SSbD8 Consider the whole life cycle [4]. 

 
In the context of the framework of SSbD criteria definition for chemicals and materials, the JRC report 
[3] defines the term ‘by-design’ in 3 levels: 
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1. Molecular design: this is the design of new chemicals and materials based on the atomic level 
description of the molecular system. This type of design effectively delivers new substances, 
whose properties may, in principle, be tuned to be safe(r) and (more) sustainable. 

2. Process design: this is the design of new or improved processes to produce chemicals and 
materials. Process design does not change the intrinsic properties (e.g. hazard properties) of 
the chemical or material, but it can make the production of the substance safer and more 
sustainable (e.g. more energy or resource efficient production process, minimising the use of 
hazardous substances in the process). The process design includes upstream steps, such as 
the selection of feedstocks. 

3. Product design: this is the design of the product in which the chemical/material might be used 
with a specific function that will eventually be used by industrial workers, professionals or 
consumers. 

The development of a new chemical/material is often brought on through an innovation process that 
can be structured in a stage-gate approach. The process development can be monitored using the 
Technology Readiness Level (TRL) and at each stage quantitative and qualitative new information may 
be available for the assessment. The safety and sustainability assessment (green box, Figure 2) should 
be performed as early as possible (to the extent possible) in the TRL monitoring to ensure that applying 
the principles gives good performance (Figure 2). 

 

 
Figure 2 Integration of SSbD in the innovation cycle including principles to be considered in the design phase 
of SSbD chemicals and materials, whose safety and sustainability performance is verified with the 
assessment allowing the classification of the chemical/material as SSbD. TRL, Technology Readiness Level [3] 

Sustainability assessment 

Sustainability covers and integrates safety, economic, environmental, and social aspects to avoid harm 
to humans and the environment [5]. Sustainability also supports the EU Green Deal [6] whose 
ambitions include becoming climate neutral; protecting human life, animals and plants by cutting 
pollution; helping companies become world leaders in clean products and technologies; and helping 
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ensure a just and inclusive transition [7]. ‘In the context of chemicals, sustainability can be seen as the 
ability of a chemical, material, product or service to deliver its function without exceeding 
environmental and ecological boundaries along its entire life cycle, while providing welfare and socio- 
economic benefits [4, 5]’. 

In the sustainability assessment phase, five steps were provided for defining criteria for SSbD 
chemicals and materials. The first step is based on the intrinsic hazards (based on the hazard classes 
in the CLP Regulation). The second and third steps are based on risk considerations (occupational 
safety and health aspects and health and environmental impacts from the use phase (direct exposure)) 
based on the CLP Regulation and USEtoxModel. The fourth step is environmental sustainability and is 
based on the impact categories that constitute the Product Environmental Footprint (PEF) and its 
support from the Ecodesign for Sustainable Products Regulation (SPI) [8-10]. The fifth step would 
cover socio-economic aspects. Additional information on the description of environmental, social and 
environmental sustainability can be found in Annex I while additional information on the components 
of the proposed SSbD criteria definition framework can be found in Annex II. 

A new understanding of safety 

The safety concept relates to the absence of unacceptable risks for humans and the environment by 
avoiding the use of hazardous chemicals [4]. In the EU-CSS, the ambitions towards a toxic-free 
environment and protection against the most harmful chemicals are evident. An important 
development is the extension of the generic approach to risk management to ensure that chemicals 
that cause cancers, gene mutations, affect the reproductive or the endocrine system, or are persistent 
and bioaccumulative are not present in consumer products. This generic approach will be extended 
to other harmful chemicals including those affecting the immune, neurological or respiratory systems 
and chemicals toxic to specific organs [2]. The scope of this EU-CSS is also to protect vulnerable groups 
which typically include pregnant and nursing women, the unborn, infants and children, the elderly 
people as well as workers and residents subject to high and/or long-term chemical exposure [2]. 

 

3. Objectives 
The goal of this task is to analyze the value chains using a cradle-to-cradle approach and map the 
relevant stakeholders to support mainly the WPs 1-3 in developing methodologies and outputs that 
reflect the particularities of the value chains examined. This assessment will be conducted by each 
value chain represented by partners IPC (packaging), ETP (textiles), EFCC (construction), CLEPA 
(automotive), EMIRI (energy), and INL (electronics) (see “Who is IRISS”) supported by partners Cefic, 
RIVM and IVL together with the SusChem NTPs which will represent the upstream steps of chemical 
products. The partners will update and expand existing value chain-specific overviews following a 
standard procedure developed by Cefic for better comparability. Furthermore, publicly (e.g., 
Horizon2020, HE, Interreg, etc.) and privately funded initiatives related to the research on or uptake 
of framework for SSbD criteria within the networks will be identified through questionnaires to 
subsequently create open communication channels feeding into T4.2-T4.5. 
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4. Strategy/methodology 
The value chain partners IPC (packaging ), ETP (textiles), EFCC (construction), CLEPA (automotive), 
EMIRI (energy), and INL (electronics) carried out a mapping of defined, prioritized sub-value chains 
that have the greatest technological challenges and barriers in applying SSbD along their full life cycle. 

The scope of the JRC framework for SSbD criteria: 

The framework foresees the assessment of the entire life cycle of a chemical or material, including the 
design phase and considering among others its functionality and end-use(s). Therefore, even if the 
evaluation of products is outside the scope of this framework, the use of the chemicals/materials in 
products is considered. 

The scope of this analysis is for the chemicals/materials used in the different IRISS VC (life cycle 
thinking approach) covers: 

Raw materials – using primary fossil or bio-based or secondary resources (e.g. waste) in the 
production of chemicals 

Chemicals – those chemicals, including polymers that are used in the IRISS VC 

Use – those applications where chemicals are applied or used in the IRISS VC 

End of life – the end of the life(time) of the application of the IRISS VC where chemicals 
have been applied. 

For each value chain, the following information was gathered: 
• Steps within the VC covered (upstream & downstream steps) including 

- infographic describing the flows 
- types of stakeholders and company names 

• State of play on SSbD per VC and VC actors (existing methodologies): 
- what has been done with regards with SSbD? 
- sharing of best practices in place per value chain? (if any) 
- known funding initiatives 

• Main SSbD challenges foreseen 
- priorities on product Safety 
- climate neutrality and circularity 
- description of known safety and sustainability issues in the specified value chain 
- any specific non technological barriers for implementing SSbD across the value chain 
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5. Results 
Table 1 Value Chain Information 

Value chains 

5.1 Packaging (IPC; Industrial Technical Centre for Plastics and Composites) 

5.2 Textiles (ETP; EU Technology Platform for the Future of Textiles & Clothing) 

5.3 Construction (EFCC; European Federation for Construction Chemicals) 

5.4 Automotive (CLEPA; European Association of Automotive Suppliers) 

5.5 Energy materials (EMIRI; Energy Materials Industrial Research Initiative) 

5.6 Electronics (INL; International Iberian Nanotechnology Laboratory) 

 

5.1 The Packaging Value Chain 
The packaging value chain is extensive when examining packaging derived from all materials and used 
in diverse markets. Consequently, identifying sub-values chains to be prioritized is a challenge that 
can be informed by key packaging industries and the materials they use. As a place to start, Eurostat 
provides information on packaging waste generated in the EU in 2019 in the figure below (Eurostat; 
online data code: env_waspac; [11]): 
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Figure 3 Eurostat pit diagram showing packaging waste generated by packaging materials (2019) (Adapted 
from [11]) 

Based on packaging waste generated in EU the three main sub-value chains are: 
1. Paper and cardboard, 
2. Plastics and 
3. Glass. 

 
For this first version of D4.1, data on plastics packaging will be more accessible since IPC is specialised 
in plastics industry, the focus will be the plastic packaging industry which will be used as a reference 
case for the rest of the project. The updated M15 version will cover all main packaging areas (paper 
and glass) and the M30 version might also cover wood and metal. 

5.1.1 Sub-value chain: Plastic packaging value chain 

Packaging is the main area for plastics conversion (39.5%) and consumption (33.5%). Based on the 
Plastics Europe report: “The circular economy for plastics: A European Overview” (2022) the majority 
of the 17 946 kt of plastic waste generated in the EU 63,5% originates from household packaging (11 
396kt) and 37.5% comes commercial and industrial packaging (6 549kt) [12]. 

The plastic packaging value chain covers all industries using plastic packaging, with a significant 
presence in the food industry. The various plastic materials used in packaging in the EU according to 
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the Plastics Recyclerss Europe report. For example, for HDPE, 62% of consumption is for packaging 
[13], 37% of PP consumption, 81% of PE flexible films [14], 96% of PET [15]. 

 
5.1.1.1 Steps within the VC covered (upstream & downstream steps): infographic 

describing the flows + types of stakeholders + company names 

The plastics packaging value chain is described in the figure below: 
 

Figure 4 Life cycle diagram for the plastics packaging value chain 

The different steps are: 
• Raw materials are virgin polymeric materials and other additives needed to process 

plastics parts, which can be derived from petrochemical-based or bio-based materials 
(with several sources as starch, organic waste, microorganisms…). 

• The compounder steps process these raw materials into adapted plastic materials to 
produce parts. Although not compulsory, it is a common step in the plastics industry. 

• Packaging design is then needed, defining its purpose, shape and properties, which 
will determine the materials and processes that will be used. Raw plastic materials are 
converted into plastics parts. Several processes are used depending on the materials 
processed as well as the shape of the plastic packaging (i.e. films, bags, trays, boxes, 
caps and all other packaging parts). The materials conversion step can be done by 
specialized companies but also directly by companies needing the packaging. For 
example, several food industry firms produce in-house packaging to immediately pack 
the product. 
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• Finishing is a generic step associating with several processes, to provide final 
packaging parts to customers. It can be produced in-house by packaging producers or 
by specialized companies. These processes can be linked to printing, assembly and 
surface treatment. 

• Product packaging is typically undertaken by the producer of the product to be 
packaged. Several packaging can be used to pack a product. This step can combine 
Materials conversion and Finishing as mentioned above. 

• Distribution and consumption consist of several actors. Plastic packaging distribution 
actors include transportation used between each step of the value chain, warehouses 
and distribution through various entities such as specialized retailers, large retailers 
and wholesalers. Plastic packaging consumers can be categorized into households and 
non-households (which includes industrial, but also all other organisation, which 
consume packed products). Both consumers generate waste which are not always 
managed in the same way. Composting is also possible at this step, thanks to 
biodegradable plastics, which make up a very low fraction of all plastics consumed. 

• The collection of plastic packaging waste is the first step in its end-of-life. This step is 
required for the sorting of plastics to take place. 

• Sorting allows to sort the plastic packaging and transfer it through the vest 
valorisation chain, but also to recycle materials, which can require washing, 
disassembling and grinding as well as resorting after disassembly. This step is crucial 
to add value to plastic packaging waste. 

• Plastic packaging recycling is possible thanks to three options: 
- Reuse of old packaging 
- Chemical recycling which allows for recovering monomers used to produce 

virgin plastic materials 
- Mechanical recycling which mainly consists of grinding clean and sorted 

material to reuse in material conversion processes directly or to be 
granulated. 

• Beyond recycling, other end-of-life trajectories for plastic packaging includes, 
incineration with and without energy generation (heat or electricity) and landfill. 
Packaging waste by other industries such as the textiles or building sectors and 
landfill. 
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Raw 
materials 
 

EPS 
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HDPE 
producers 

 
LDPE 
producers 

 
PA 
producers 

 
PC 
producers 

 
PET 
producers 

 
PP 
producers 

 
PS 
producers 

 
PVC 
producers 
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producers 

Raw 
materials 

 
PLA 
producers 

 
PHA 
producers 

 
PHBV 
producers 

 
PBS 
producers 

Other 
materials 
producers 

Plasticizers 
producers 

 
Fillers 
producers 

 
Lubricants 
producers 

 
Pigments 
producers 

 
Catalysts 
producers 

 
Stabilizers 
producers 

Compounds Packaging 
design 

Materials 
conversion Finishing 

Compounders Design office Calendaring Printing 

Internal 
design 
department 
of material 
converter 

Extrusion Coating 

Extrusion blow 
moulding 

Embossing 

Internal 
design 
department 
of industrial 
customer 

Injection Stamping 

injection blow 
moulding 

Welding 

Foam 
expansion 

Adhesive 
labeling 

Rotational 
moulding 

Assembly 

Bonding 
Thermoforming 

Packaging 
of product 
 

Food industry 
use 

 
Pharmacal 
industry use 

Cosmetic 
industry use 

 
Other 
industrial use 

5.1.1.2 State of play on SSbD per VC and VC actors (existing methodologies): 

Mapping of VC actors 
 

Figure 5 The processes used in the value chain are listed this the chart below, to illustrate value chain 
stakeholders (part A) 
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• Carrefour (LG) 
• Decathlon (LG) 
• McDonald's (LG) 
• Lidl (LG) 
• Sephora (LG) 
• XPO logistics (LG) 

Distribution and 
comsuption 

Collection 

• Paprec (LG) 
• Suez (LG) 
• Veolia (LG) 
• Local authorities 

Sorting 

• Paprec (LG) 
• Suez (LG) 
• Veolia (LG) 
• Triveo (SME) 

Recycling 

• Chemical 
recycling 
• TotalEnergies 

(LG) 
• LyondellBasell 

(LG) 
• Eastman (LG) 
• Sabic (LG) 

• Mechanical 
recycling 
• Paprec (LG) 
• Suez (LG) 
• Triveo (SME) 

Incineration 

• With energy 
recovery 
• Lafarge (LG) 
• Local 

authorities 
• Witout energy 

recovery 

Landfill 

• Local authorities 

To other 
industrial fields 

• Textile industry 
• Building industry 

BASF (LG) 
Solvay (LG) 
Arkema (LG) 
LyondellBasel 
(LG) 
Corbion (LG) 
Lactips (SME) 
Sabic (LG) 

PolyOne (LG) 
Polytechs (LG) 
A. Schulman (LG) 
Addiplast (SME) 
Carbiolice (SME) 

Danone (LG) 
Nestlé (LG) 
Mondelez (LG) 
Publicis (LG) 

AMCOR (LG) 
VERICAP (LG) 
ALBEA (LG) 
Plastipak (LG) 
Berry Bramlage 
(LG) 
Groupe Guillin 
(SME) 
Herplast (SME) 
Leygatech (SME) 
Barbier Group 
(LG) 
Ozembal (LG) 
Knauf industries 
(LG) 
PSB industries 
(LG) 

Legatech (SME) 
Ionisos (SME) 
Codecor (SME) 

Nestlé (LG) 
Danone (LG) 
Mondelez (LG) 
Sanofi (LG) 
LVMH (LG) 
Pernod (LG) 
L'Oréal (LG) 
Inditex (LG) 
Sony (LG) 
Philips (LG) 

 

 

 

 

 

 

 
Figure 6 The type of stakeholders or processes used in the value chain are listed in the chart below in order to 
illustrate value chain stakeholders (Part B) 

Table 2 Example of stakeholders in the plastics packaging value chain 
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Warehouse 
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Sorting Recycling Composting 

Sorting Chemical 
recycling 

Industrial 
composting 

Washing Home 
composting 

Disassembl 
y 
 
Grinding 

Reuse 

Mechanical 
recycling 

Incineration Landfill  to other 
industrial 

Textile 
industry 

Building 
industry 

without energy 
recovery 

with energy 
recovery 
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What has been done with regards to SSbD? 
 

Table 3 Mapping of VC actors active in SSbD initiatives development 
 

Life 
cycle 

Raw Material 
Extraction 
(if relevant) 

Production 
/Processing 
(material or 
chemical) 

Processing 
(product) 

Transport Use End-of-life 

Relev 
ant 
actors 

 ADEME (French 
Environment 
and Energy 
Management 
Agency) 

ADEME ADEME  ADEME 

 EC EC EC EC EC EC 
  EU Ecolabel EU Ecolabel   EU Ecolabel 
 National and National and National and National and National and National and 

European European European European European European 
industrial industrial industrial industrial industrial industrial 
association/fed association/fed association/fed association/fed association/fed association/fed 
eration eration eration eration eration eration 

 Certification Certification Certification Certification Certification Certification 
bodies (e.g. bodies (e.g. bodies (e.g. bodies (e.g. bodies (e.g. bodies (e.g. 
AFNOR; French AFNOR) AFNOR) AFNOR) AFNOR) AFNOR) 
Standardization      

Association)      

 
Known funded initiatives already known (for further development in M15 and M30): 

• SURPASS: Safe-, sUstainable- and Recyclable-by design Polymeric systems - A guidance 
towardS next generation of plasticS, grant 101057901, started on 01/06/2022 for 42 months. 
Call: HORIZON-CL4-2021-RESILIENCE-01 

• Flex Function to Sustain: Open Innovation Ecosystem for Sustainable Nano-functionalized 
Flexible Plastic and Paper Surfaces and Membranes, grant 862156, started on 01/04/2020 for 
48 months. Call: H2020-NMBP-TO-IND-2018-2020 

• Sealive: Strategies of circular Economy and Advanced bio-based solutions to keep our Lands 
and seas alIVE from plastics contamination, grant 862910, started on 01/10/2019 for 48 
months. Call: H2020-BG-2019-1 

• CIMPA: A CIrcular Multilayer Plastic Approach for value retention of end-of-life multilayer 
films, grant 101003864, started on 01/06/2021 for 36 months. Call: H2020-SC5-2020-2 

• RMT Actia Propack Food is a French initiative creating a Mix Technological Network, gathering 
17 partners. This network aims to support food and packaging industries and public 
authorities in R&D, set-up of tools and trainings development. Actions are focused on Food 
safety and ecotoxicity, process and functionalities and users and consumers (website only in 
French: https://rmt-propackfood.actia-asso.eu/index.php) 

The main challenges foreseen to the adoption of SSbD in the packaging value chain are described in 
which are evolving and mainly focused on plastics packaging (priorities on product Safety + Climate 
neutrality+ Circularity). The challenges identified provide a preliminary account and will be compared 
with challenges in other packaging value chains. 

https://rmt-propackfood.actia-asso.eu/index.php
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Table 4 Description of known safety and sustainability issues in the plastics packaging value chain 
 

Life cycle Raw 
Material 
Extraction 
(if 
relevant) 

Raw 
material 
s 

Production 
and 
Processing 
(material 
or 
chemical) 

Processing 
(product) 

Transport Use End-of-life 

Issues        

Raw 
materials 
Criticality – 
are critical 
materials 
used? Which 
ones? 

Use and 
production 
of bio- 
based 
material in 
Europe 

 Use of 
hazardous 
material or 
additive 

Increase 
productio 
n of 
mono- 
material 
packaging 

Reduce 
packaging 
weight or 
volume 

Micro- 
plastics 

Improve 
sorting of 
material (see 
Figure 7 ) 

Toxicity   Yes (e.g. a Additive  Yes (not  
(human and 
environment 
al safety); 
Which 
toxicity 
endpoints of 
concern? 

study 
mentioned 
111 
hazardous 
materials 
are listed 

use 
reduction 

totally 
known but 
existing 
studies) 
[18] 

 as   

 providing   
 functionali   
 ty for   
 packaging   
 production   
 [16] +   
 FCCMigex   
 Database,   
 which   
 show all   
 food   
 contact   
 chemical   
 extracted   
 from peer   
 reviewed   
 scientific   
 article)   

 [17]   
Environment 
al 
sustainabilit 
y; which 
sustainabilit 
y issues of 
concern? 

  Several 
material 
are above 
limits 
defined in 
the 
different 

  Studies 
have to 
confirm it 
but there 
can be 
migration 
from 

Waste 
contaminatio 
n: 
impossibility 
to reuse in 
food 
packaging 

tools (e.g. microplasti contaminate 
CLP) cs to plastics 

 packed  
 products,  
 especially  
 food  

 products  
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Social (if 
known) 

Reduce 
use of 

   Reduce 
energy 

  

petro- consumpti 
chemical on of 
material vehicles 

Circularity 
(Recyclabilit 
y, 
reusability) 

    Increase of 
packaging 
use due to 
consumer 

  

returns 
(Charte 
ADEME + 
amazon) 

Other Possibility   Facilitate   Improve 
(economic, to produce recyclabili identification 
functionality compostab ty of of polymers 
?) le packaging waste which 

 packaging  can be 
   recycled 
   and increase 
   closed loop 
   recycling 

Criticality (critical raw materials; Toxicity and Environmental sustainability: See Table 29 for 
indicators). 

 
PET provides a clear example of sorting challenges as illustrated in Figure 7 . 

 

Figure 7 Circularity of PET bottles (adapted from Zero Waste Europe, 2022, [19]) 

https://single-market-economy.ec.europa.eu/sectors/raw-materials/areas-specific-interest/critical-raw-materials_en
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5.2 The Textile Value Chain 

The textile value chain is comprised of several industrial activities. Starting from the processing of 
fibres (extracted natural fibres such as cotton, wool, silk, flax, hemp etc. or extrusion of fossil or 
biobased polymers) to the fabrication of filament-like (yarns, threads, ropes...) or fabric-like (woven, 
knitted, embroidered, braided, tufted, nonwoven … structures) fibre-based materials and their 
processing (dyeing, printing, finishing, coating...) and assembly into final products. Textiles are used 
across a wide range of consumer and industrial end markets. The biggest end markets for textile-based 
products are clothing and fashion, home and interior decoration incl. furniture, automotive and other 
transport systems, construction, personal protection, healthcare, sports, agriculture, environmental 
protection and packaging. 

Many end markets for fibres and textiles are undergoing significant changes and are expected to see 
a massive shift in terms of product types, materials used and volumes in the coming years. Textiles 
and clothing are a diverse sector that plays an important role in the European manufacturing industry, 
employing 1.7 million people and generating a turnover of €166 billion. While low added value 
commodity products have been outsourced, high added value products are still largely made in 
Europe, with broadly stable added value and steadily growing exports. The sector is undergoing a 
radical transformation to maintain its competitiveness within this move towards products with higher 
value added, and a significantly improved sustainability profile. 

The textile manufacturing value chain is a complex, globally interconnected ecosystem with over 
150,000 manufacturing companies in the EU alone, almost all of which are SMEs. 

 

Figure 8 The textile manufacturing process. Figure source: Euratex 

https://www.google.com/url?sa=t&rct=j&q&esrc=s&source=web&cd&cad=rja&uact=8&ved=2ahUKEwiF9_SnwqX6AhVKKuwKHWuxBkcQFnoECAQQAQ&url=https%3A%2F%2Feuratex.eu%2F&usg=AOvVaw0DU02gv-R6CnwRYSnudKP4
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The EU textile and clothing industry has shifted its focus to high value added products for the most 
demanding consumers and industrial end markets such as premium and luxury fashion and interiors, 
medical textiles and nonwovens, high quality workwear, personal protective equipment and materials 
and components for the transport, construction, environmental protection, agriculture, and fishery 
markets. EU producers not only serve EU end markets with their innovative products but also export 
an increasing share of EU production to global markets. The annual export value of the EU textile and 
clothing industry is more than €50 billion. 

5.2.1 Environmental footprint 

Today approximately 70% of all global textile fibre-based products are made of fossil-based 
feedstocks. While collection and re-use rates of end of (first) life clothing is relatively significant (20- 
30% depending on EU country), ultimately the vast majority of European post-use textile waste is still 
incinerated or landfilled (in the EU or elsewhere in the world). While not all synthetic fibres are likely 
to be replaced in the short term for performance or cost reasons, significant research and technology 
advances are needed to enable future large-scale replacement of virgin fossil-based fibres by biobased 
or renewable materials, preferably from EU agricultural, forestry and waste resources. 

5.2.2 Sub-value chain selection 

The largest textile sub-value chains or end-markets by volume are clothing and fashion products, 
home and interior textiles and nonwovens. A significant volume share of the manufacturing of clothing 
and home textiles sold on the EU market takes place outside Europe, especially in lower labour cost 
countries in Asia. While there is significant production of nonwovens in Europe, it is debatable if they 
are technically part of the textile value chain or represent a separate value with similarities both with 
the textile and the paper processing sectors. 

For these reasons we suggest for this first deliverable to focus the analysis on two sub-value chains 
for which significant parts of manufacturing and value creation takes place in the EU today or is 
expected to take place in EU in the near future. The sub-value chains are: 

1. Workwear and protective textiles and clothing 
2. Electronic or smart textiles 

Although a first focus is in EU today, it would also be interesting to have one sub-value chain with 
production in Asia and see which challenges to the SSbD concept arise in this situation. 
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5.2.2.1 Workwear and protective textiles and clothing 

 
5.2.2.1.1 State of play on SSbD per VC and VC actors (existing methodologies): 

Table 5 Mapping of VC actors 
 

Life cycle Raw Material 
Extraction 
(if relevant) 

Production 
/Processing 
(material or 
chemical) 

Processing 
(product) 

Transport & 
Distribution 

Use End-of-life 

Relevant 
actors 

Cotton, flax and 
hemp growers 

Natural fibre 
processors 

Garment 
makers (cut, 
trim, sew, 
package) 

Professional 
textile 
service 
providers 
(rental & 
leasing) 

Industrial 
users of 
workwear 
& 
protective 
clothing 

Specialised 
collectors, 
sorters and 
recyclers 

 Sheep breeders Pulp & 
cellulosic 
fibre 
producers 

Industrial 
care and 
maintenance 
(laundry, 
recondition, 
repair) 

General and 
specialised 
industrial 
distributors 
and retailers 

Public 
users of 
workwear 
and 
protective 
clothing 

General 
waste 
managers 
& 
incinerators 

 Forest- 
owners/managers 

Synthetic 
fibre 
producers 

  Consumers  

 Oil production Yarn 
producers 

    

  Fabric 
producers 

    

  Fabric 
processors 
(dyeing, 
printing, 
finishing) 

    

  Makers of 
trims and 
accessories 

    

 
A consideration might be to focus on synthetic fiber production and textile chemicals (of which there 
are many). To list all those chemicals and the issues that companies have would be the task of a 
company providing textiles chemicals. 
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Table 6 What has been done with regards to SSbD? 
 

Life cycle Raw 
Material 
Extraction 
(if 
relevant) 

Raw 
materials 

Processing 
(material or 
chemical) 

Processing 
(product) 

Transport Use End- 
of-life 

SSbD 
ongoing 
initiatives 

       

   PFAS   Decontamination 
of PPE (firefighter 
gear etc.) 

 

   Skin 
sensitizing 
chemicals 

    

 

 
5.2.2.1.2 Main SSbD challenges foreseen (priorities on product Safety + Climate neutrality+ 

Circularity): 

Table 7 Description of known safety and sustainability issues in the specified value chain 
 

Life cycle Raw Material 
Extraction 
(if relevant) 

Raw 
materials 

Production 
and 
Processing 
(material or 
chemical) 

Processing 
(product) 

Transport Use End- 
of-life 

Issues        

Raw materials 
Criticality – 
are critical 
materials used? 
Which ones? 

Not relevant Antimony 
for 
synthetic 
fibre 
production? 

To be 
further 
studied 

    

Toxicity 
(human and 
environmental 
safety); Which 
toxicity 
endpoints of 
concern? 

Agricultural 
chemicals 

Processing 
chemistry 
in man- 
made 
cellulosic 
fibre 
production 

To be 
further 
studied 

    

Environmental 
sustainability; 
which 
sustainability 
issues of 
concern? 

Fossil fuel 
extraction 
impact, 
Unsustainable 
wood 
extraction 
Land 
degradation 
from cotton 
growing 

 Release of 
processing 
waste water 

    

Social (if 
known) 

Forced and 
child labor in 
cotton 
production 

      

Circularity 
(Recyclability, 
reusability) 

Use of non- 
fibre 
agricultural 

Use of fibre 
production 
waste 

Recycling of 
production 
waste 
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 waste, use of 
waste wool 
from 
meat/dairy 
production 
Use of wood 
waste 

 Recovery of 
processing 
chemicals, 
water and 
energy 

    

Other 
(economic, 
functionality?) 

       

Criticality (critical raw materials; Toxicity: See Table 29 for indicators of toxicity and environmental 
sustainability). 

 
5.2.2.2 Electronic or smart textiles 

Electronic textiles (e-textiles or smart textiles) such as filaments, fabrics and textile end products that 
have electronics and interconnections integrated into them, are seeing rapid growth in the current 
decade. These are driven by many added value niche markets across healthcare, sports and gaming, 
personal protection and smart interiors. Market analysts believe next generation wearables will 
provide significant opportunities to newcomers and well-established textile companies for creating 
value. Europe has a good head start thanks to a strong technical position of the textiles industry. 

 

Figure 9 Smart Textiles Value Chain description 

E-textiles are an emerging value chain which is currently not subject to any SSbD initiatives. For this 
reason, the early development of this value chain based on SSbD principles would make for an 
interesting study case, particularly because requires examining two complex and interlinked value 
chains – electronic and textiles – with different actors, procedures, legislation and standards poses a 
special challenge. 

https://single-market-economy.ec.europa.eu/sectors/raw-materials/areas-specific-interest/critical-raw-materials_en
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5.3 Value chain Construction 

5.3.1 Introduction 

The Construction Value Chain (CVC) is one of the largest and most complex value chains in the EU [1], 
representing around 8.2% of the EUs’ GDP and employing around 23.2 million people (around 10% of 
EU’s total employment). Concrete is the most used material in construction, it is a composite made of 
several materials one of which is cement. Concrete (and cement) contributes to about 8% of global 
CO2 emissions. 

Despite its complexity, the CVC can be deconstructed and effectively analysed, with clear linkages and 
individual characteristics of different sectors (cf. Figure 10) [1]. 

 

Figure 10 The Construction Value Chain (CVC) in the European Union 

Figure 10 conveys three core sets of activities within the CVC: 
1. Construction Life Cycle – covering preparation & design, execution, use-phase and disposal & 

recycling 
2. Construction Supply Chain – covering raw materials, construction materials and products, 

down to demolition and/or renovation 
3. Construction Value Chain activities – including construction supply, where most of the 

construction chemicals are used: in raw materials supply, processing & manufacturing, 
demolition & waste management and recovery & recycling. 
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Within the Construction Value Chain, construction chemicals fall largely in the category of additives to 
raw materials to manufacture construction products and materials. Most construction chemicals are 
used in the ‘processing and manufacturing industries that turn raw materials into building products’ 
(cf. Figure 10). Only a small proportion of such raw materials are chemicals, non-metallic mineral 
products have the highest share of intermediate inputs: 13.1% (of a total of 48.3%) into the 
construction sector.1 

Construction chemicals are used in a number of CVCs: Concrete admixtures and Cement grinding aids, 
Surface treatment, Repair and rehabilitation, Protective coatings, Industrial flooring, Waterproofing, 
Adhesive and sealants, and Grouts and anchors. The largest class of construction chemicals is that of 
Concrete Admixtures, which can be used to improve the properties of concrete such as its workability, 
durability or strength. They can also significantly reduce the carbon footprint of concrete and lower 
global CO2 emissions [2]. 

Among the five different classes of concrete admixtures, the class of ‘super-plasticizers’ was selected 
to apply and test the validity of the framework for SSbD criteria. 

5.3.2. Concrete Admixtures Sub-Value Chain 

The key construction material is concrete, which is a composite made from several materials, one of 
which is cement. Concrete has numerous end-uses in the building and construction industries such as 
residential buildings (e.g. affordable housing), commercial and industrial buildings (e.g. factories) and 
infrastructure (e.g. roads, bridges, etc.). 

To improve the functionality of concrete, concrete admixtures can be used. There are basically two 
types of admixtures: (i) mineral admixtures and (ii) chemical admixtures. Chemical admixtures can be 
divided into five classes of admixtures, i.e.: 

1. Accelerating admixture – A chemical that increases the rate of hydration of hydraulic cement, 
reduces the setting time or increases the rate of strength development. 

2. Retarding admixture – A substance that delays the setting time of cement paste. 
3. Water – reducing admixture – A chemical that either increases the workability of freshly 

mixed mortar or concrete without increasing water-cement ratio or maintains workability 
with reduced water-cement ratio. 

4. Air – entraining admixture – A chemical that causes air to entrap in the form of tiny bubbles 
in mortar or concrete during mixing to increase its workability and resistance to freezing and 
thawing. 

5. Super plasticizing admixture – A chemical that has very high workability with a large decrease 
in water content (at least) for a given workability. It is a high range water reducing admixture, 
also referred to as a superplasticizer. 
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5.3.3 Super Plasticizer Sub-value Chain 

From the five classes of concrete admixtures, the sub-value chain of superplasticizers1 has been 
selected for this deliverable to assess the application of SSbD principles, as they are commonly used 
and have been subject to further (product) development to improve their overall sustainability, for 
example, with respect to energy efficiency, GHG emission reductions, raw material use, water use, 
durability, etc. 

The main four classes of super-plasticizers are (Na, Ca and/or Mg salts of)2: 

- Lignosulphonates (LS) - Biobased: wood or agricultural by-products 
- Naphthalene (NSF) sulphonates - Naphthalene Sulphonate Formaldehyde poly 

condensate 
- Polycarboxylate(s)/-ether - Poly Carboxylate Ether (PCE) based 
- Melamine sulphonate (MS) - Sulphonated Melamine Formaldehyde condensate 

Superplasticizers, like plasticizers, improve the dispersion of cement particles, resulting in a high 
workability. As a result of ongoing innovation, the performance of concrete has improved enormously 
over the past years and superplasticizers are used in all major construction projects in Europe (and 
elsewhere). 

Four distinct classes of super-plasticizers allow further assessment and comparison of the application 
and applicability of the framework for SSbD criteria. 

Producers of superplasticizers have been working to either (1) reduce the content of carcinogens in 
the superplasticizers, and/or (2) develop alternative superplasticizers such as Polycarboxylate(s)/- 
Ether (PCE) and Lignosulphonates (LS). Keeping in mind that most superplasticizers will not contain 
levels that are hazardous and therefore should not attract a classification & labelling for 
carcinogenicity. PCE and LS are already ‘’alternatives’’ to the other two classes of superplasticizers 
(NSF and MS) because they typically do NOT contain ‘’highly toxic chemicals”. 

 
5.3.4 Application of SSbD principles to Superplasticizers 

In many cases it will be very difficult (or even not desirable) to apply all these principles at the same 
time as several can be contradictory (trade-offs issues which is one of the challenges of applying SSbD 
concept). For example combining 2. Designing materials with less hazardous chemicals and 3. 
Designing efficiently to be more sustainable, a very reactive (hazardous) chemical may lead to an 
overall more sustainable design from a full life cycle perspective yet not meet the first step of the 
safety  and  sustainability  assessment  of  the  JRC  framework  for  SSbD  criteria. 

 
 
 
 
 
 
 
 

 
1 A super plasticizer is defined as ‘an admixture that allows the water content of a specific concrete mixture to 
be considerably reduced without impairing its consistence or to considerably increase its slump/flow without 
changing the water content or to achieve both effects at the same time’ (EN 934-2). 
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Table 8 Main SSbD principles incorporated by Lignosulphonates (LS), Naphthalene sulphonate formaldehyde 
(NSF) superplasticizers, Polycarboxylate(s)/-Ether (PCE) and Melamine sulphonates (MS) 

 

JRC Suggested Safe and Sustainable by Design (SSbD) principles: LS NSF PCE MS 

1. Atom economy     
2. Design with less hazardous chemicals  R  R 
3. Design efficiently to be more sustainable R R R R 
4. Use renewable sources R    
5. Prevent and avoid hazardous emissions  R  R 
6. Reduce exposure to hazardous substances  R  R 

7. Design for commercial after-life     
8. Prevent the use of Natural Resources by Reduction, Reuse 

and Recycling of waste 
R R R R 

9. Dematerialisation: sell service, not product     
10. Design and promote new process strategies     
11. Supportive policy framework R R R R 
12. Reduce production     
13. Consider the whole life-cycle R R R R 

R in the Table above conveys the Relevance of SSbD principles when evaluating particular 
superplasticizers. 

 
5.3.4.1 Lignosulphonates (LS) 

A major source of lignin-based biopolymers in Europe is provided by the Norwegian company 
Borregaard. They produce renewable, wood-based biopolymers, that are used as raw materials by 
companies manufacturing LS as superplasticizers in Europe. 

As LS are high molecular weight materials and deemed safe from a toxicological and eco-toxicological 
perspective (DBC_229-SB-E-2017_01.pdf). This has been confirmed for acute, oral toxicity. Moreover, 
irritating effects have not been observed and finally LS are inherently biodegradable. This is a raw 
material with a very low carbon footprint, based on natural, renewable resources (4). However, here 
the use of natural resources is therefore not prevented or reduced (8), a demonstration that the SSbD 
principle of reduction of use of natural resource cannot be met, while the others are met. 

5.3.4.2 Naphthalene sulphonate formaldehyde (NSF) superplasticizers 

Naphthalene (one of the raw materials used to produce NSF) is manufactured via a dry distillation of 
bituminous coal via a decomposition reaction. NSF superplasticizers are manufactured by 
sulphonating naphthalene and conversion with formaldehyde. Medium and high molecular weight 
NSFs are used as superplasticizers. 

According to CLP criteria, classification or labelling of products with a free formaldehyde content 
below 0.1 w/w% is not required. Products that contain free formaldehyde above 0.1 w/w%, need to 
be labelled with the hazard statement H350 ‘’may cause cancer’’ as well as EUH 208 ‘’may cause 
allergic reactions’’. No skin irritation has been observed and also their aquatic toxicity is very low. 
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NSF superplasticizers do not meet the criteria for being readily biodegradable, so they cannot be 
discharged directly into the aquatic environment. NSFs are soluble in water. 

5.3.4.3 Polycarboxylate(s)/-Ether (PCE) 

Typically (water soluble) polycarboxylate(s)/polycarboxylic ethers are used as a sodium salt raw 
material for superplasticizers. They are derived from unsaturated organic carboxylic acids. 
Polymerisation products from acrylates and maleinates as well as different derivatives of these with 
polyalkylene-glycol-ethers are used in concrete admixtures (cf. DBC publication). 

TPCEs are not acutely toxic. Acrylates can cause skin irritation while maleinates and polycarboxylic 
ether are non-irritant. Classification or labelling of these raw materials is not required under CLP 
criteria. 

The biodegradability of PCEs ranges from not readily biodegradable to poorly biodegradable. PCE is 
classified as Water Hazard Class 1, low hazard for waste. They may not be discharged directly or 
indirectly into sewage waters or to aquatic environments. 

5.3.4.4 Melamine sulphonates (MS) 

Melamine sulphonates are sulphite-modified, melamine-formaldehyde condensation products. These 
raw materials are especially suitable for flowing concrete and have a good compatibility with cement 
(cf. Deutsche Bauchemie publication). 

According to CLP criteria, classification or labelling of products with a free formaldehyde content 
below 0.1 w/w% is not required. Products that contain free formaldehyde above 0.1 w/w%, need to 
be labelled with the hazard statement H350 ‘’may cause cancer’’ as well as EUH 208 ‘’may cause 
allergic reactions’’. 

MS are classified as Water Hazard Class 1: low hazard for waters. MS do not fulfil the criteria for 
persistent, bioaccumulative and toxic (PBT) or very persistent and very bioaccumulative (vPvB). 

 
5.3.5 Evaluation of the SSbD principles 

Producers of superplasticizers have been working to either (1) reduce the content of carcinogens in 
the superplasticizers, and/or (2) develop alternative superplasticizers such as PCE and LS. 

Description of the health, safety and environmental properties of Superplasticizers. 

5.3.5.1 Hazards and risks of raw materials 

those substances and/or mixtures that are used in the production of superplasticizers: 
Lignosulphonates (LS) - lignin-based biopolymers, sulphonic acid 

NSF superplasticizers (NSF) - naphthalene, sulphonic acid, formaldehyde 

Polycarboxylate(s)/-Ether (PCE) - carboxylic acids, maleinates, polyalkylene- 
glycolethers 

Melamine sulphonates (MS) - melamine, formaldehyde, sulphonic acid 

The most hazardous materials used in the superplasticizers listed above are formaldehyde, melamine 
and naphthalene, which are classified in the EU as follows: formaldehyde (CAS 50-00-0) as a category 
1B carcinogen, and melamine (CAS 108-78-1) and naphthalene (CAS 202-049-5) as category 2 
carcinogens. 
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5.3.5.2 Hazards & risks related to the production of superplasticizers 

The production of superplasticizers is associated with the hazards as indicated on the Safety Data 
Sheets of the raw materials used. Formaldehyde, melamine and naphthalene require specific 
measures to reduce the manufacturing risks associated with these chemicals. 

The risks are typically managed through in-company health, safety, security and environmental 
management systems. Larger manufacturers may also be certified for Occupational Health and Safety 
Systems, such as ISO 45001, and Environmental Management Systems, such as ISO 14001. 

5.3.5.3 Hazards & risks related to the use of superplasticizers 

During the use phase, concrete admixtures are firmly bound into the cement matrix in hardened 
concrete. No relevant risks are known for water, air and soil if the products are used as designated. 

In the case of NSF and Melanin sulfonates, the free formaldehyde content will typically be below 0.1 
w/w% and according to CLP criteria, classification or labelling of such products is NOT required. 
However, where these products contain free formaldehyde above 0.1 w/w%, they need to be labelled 
with the hazard statement H350 ‘’may cause cancer’’ as well as EUH 208 ‘’may cause allergic 
reactions’’. 

Application of the SSbD principles should result either in a free formaldehyde content that is (well) 
below the 0.1 w/w% or in substitution of these by other superplasticizers. 

5.3.5.4 Environmental impacts along the full life cycle of raw materials, chemicals, use 
and end-of-life of the superplasticizers value chains. 

The key environmental benefits of the use of superplasticizers include (i) the reduction of water use, 
(ii) the reduction of energy used and (iii) the reduction of CO2 emissions. The addition of 1.0 w/w% 
superplasticizer typically leads to a water reduction of 20% or more. Moreover, superplasticizers 
typically improve the quality of concrete (e.g. vis-à-vis adverse climatic conditions), improve the 
durability of concrete (leading to a longer service life), improve the performance of concrete (e.g. 
energy required during the casting of concrete is reduced), and allow the use of e.g. recycled 
aggregates. 

Environmental Product Declarations (EPDs) are available for all classes of superplasticizers, they 
enable a user to carry out a Life Cycle Assessment to determine the potential impact of the use of 
superplasticizers in a building or construction. 

5.3.5.5 End-of-Life 

Superplasticizers applied to the construction or building and dismantled at the end of the product 
service life cannot be separated anymore from concrete. For this reason, this admixture must be sent 
directly to landfill or re-cycling / re-use along with the concrete it is part of. 

 
5.3.6 Superplasticisers Sub-value chain actors 

The key sub-value chain actors include: 
- Manufacturers / suppliers of raw materials 
- Producers of superplasticizers 
- Users of superplasticizers 
- Demolition companies (for disposal or re-use) 



The project receives funding from the European Union’s HORIZON EUROPE research and 
innovation programme under grant agreement n° 101058245. UK participants in Project IRISS are 
supported by UKRI grant 10038816. CH participants in Project IRISS receive funding from the Swiss 
State Secretariat for Education, Research, and Innovation (SERI) 33 

 

 

One of the key activities of the producers of superplasticizers is the publication of Environmental 
Product Declarations (EPDs), that allow users to conduct full Life Cycle Assessments of the 
construction of buildings. 

In addition, producers of superplasticizers have been innovating to either (1) reduce the content of 
carcinogens in the superplasticizers, and/or (2) develop alternative superplasticizers. Examples of the 
latter are PCE or LS superplasticizers. 

The users of superplasticizers have reaped the benefits of improved concrete workability, 
performance and sustainability. 

 
5.3.6.1 Main SSbD challenges foreseen (priorities on Product Safety + Climate 

neutrality + Circularity): 

Table 9 Description of known safety and sustainability issues in the Super Plasticizer (SP) value chain 
 

Life cycle Raw 
Material 
Extraction 
(if 
relevant) 

Raw 
materials 

Production 
and 
Processing 
(chemical) 

Proc 
essin 
g 
(pro 
duct 
) 

Tr 
an 
sp 
ort 

Use 
 
(SPs are mixed on 
site with concrete 
and water) 

End-of- 
life 

Issues        

Raw materials, 
Criticality – 
are critical 
materials used? 
Which ones? 

Not 
Relevant 

No No N.A.  No  

Toxicity (human 
and 
environmental 
safety); Which 
toxicity 
endpoints of 
concern? 

 A few raw 
materials 
are 
classified as 
carcinogen 

Minimisation 
of the 
content of 
classified 
carcinogens 
(Product 
Safety) 

  Some SPs 
containing classified 
carcinogens above 
regulatory limits 

 

Environmental 
sustainability; 
which 
sustainability 
issues of 
concern? 

     SPs offer significant 
environmental and 
sustainability 
advantages 
(Climate Neutrality) 

 

Social (if known)        

Circularity 
(Recyclability, 
reusability) 

     SPs allow 
recyclability 
(Circularity) 

 

Other (economic, 
functionality?) 

       

Criticality (critical raw materials; Toxicity: See Table 29 for indicators of toxicity and environmental 
sustainability). 

https://single-market-economy.ec.europa.eu/sectors/raw-materials/areas-specific-interest/critical-raw-materials_en
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Table 10 What has been done with regards to SSbD? 
 

Life cycle Raw 
Material 
Extraction 
(if 
relevant) 

Raw 
materials 

Processing 
(material or 
chemical) 

Processing 
(product) 

Transport Use 
(SPs are 
mixed on 
site with 
concrete 
and 
water) 

End-of-life 

SSbD 
ongoing 
initiative 
s 

 Replacement 
of classified 
carcinogens 

Designing 
SPs that 
require less 
water use, 
less cement 
use, more 
durability 

   Re-use of 
recycled 
concrete / 
aggregate 
s 

   Publication 
of EPDs 

    

 
Table 11 Mapping of VC actors 

 
Life cycle Raw 

Material 
Extraction 
(if 
relevant) 

Raw 
Materials 

Production 
/Processing 
(material or 
chemical) 

Processing 
(product) 

Transport Use End-of-life 

Relevant 
actors 

       

  Raw Construction n.A. n.A. Construction Recycling 
material chemical   companies, companies 
suppliers companies   SMEs  

(chemical      

companies)      
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5.4 Value chain Automotive 
The automotive supply chain is a complex one, composed of hundreds of parts and components, which 
are made out of thousands of different materials. This relationship is shown in Figure 11. Beyond that, 
each part or even material and substance comes from a different supplier, enlarging even the supply 
chain of vehicles. A limited number of vehicle components were selected for this analysis, to cover a 
representative range of materials and substances to examine the applicability of safety and 
sustainability concepts. 

 

Figure 11 Diagram of a material composition relationship of various parts of vehicles. Figure source: He et 
al., 2021. 

 

5.4.1 Steps within the VC covered 
 

5.4.1.1 Raw materials 

Automobiles require a number of raw materials for their production, including aluminium, glass and 
the iron ore to make steel, as well as petroleum products used to make plastics, rubber and polymer 
composites. 

Metals represent the biggest share of the materials used as they are used to make the automotive 
body sheet metal components, which are assembled together into the body-in-white (BIW). 

The average automotive vehicle on the market contains about 150 kilograms of plastics and composite 
materials, accounting for around 10% of the vehicle's weight and 50% of the volume materials. The 
use of plastics brings multiple advantages, such as a vehicle mass reduction, which leads to lower fuel 
consumption and a decrease in emissions of Green House Gasses (GHG). Some examples of car parts 
made from plastic are door handles, air vents, the dashboard and airbags. According to the European 
Recycling Industries’ Confederation, there are currently about 39 different types of basic plastics and 
polymers used to make an automobile, being the most common ones: polypropylene (e.g., bumpers, 
cable insulation carpet fibres, etc.), polyurethane (e.g., foam seating, insulation panels, suspension 
bushings, cushions, electrical compounds, etc.) and polyvinyl chloride (PVC) (16%) (e.g., instrument 
panels, electrical cables, pipes, doors, etc.). A variety of other plastics and polymers, including 
engineering plastics, are also used and combined for other automotive parts (e.g., acrylonitrile 
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butadiene styrene, polyamides, polystyrene, polyethylene, polyoxymethylene, polycarbonate, acrylic, 
etc.). 

In the case of polymer composites, reinforcing agents like fibres are added within a polymer matrix – 
these are often called fibre-reinforced polymers. Conventional fibre-reinforced composites typically 
incorporate synthetic fibres, such as glass or carbon fibres (e.g. carbon fibre reinforced polymer). The 
polymer matrix is usually of a thermoset resin, such as epoxy or polyester resin. This class of polymers 
will be further addressed on a future report. 

Rubber is mostly used in vehicles for the tyres, which are made out of natural rubber, synthetic rubber, 
carbon black and oil. The share of rubber compounds in the total weight of a tyre is more than 80%. 
The rest consists of various kinds of reinforcing materials. Approximately half of the rubber is natural 
rubber from a rubber tree. 

Automotive chemicals are used in various parts and components of vehicles in automotive industry, 
often with the purpose of improving performance and durability of the materials, driven in part by the 
need to reduce emissions. Some of the main automotive chemical categories are: 

- Coatings; 
- Lubricants; 
- Adhesives; 
- Maintenance Chemicals. 

 
5.4.1.2 Processing of materials 

After the BiW is assembled, one of the final steps in the vehicle manufacturing process is to apply a 
serious of coating layers, normally including: 

• Primer coating for corrosion resistance (e.g. electrophoretic primers); 
• Floating coating for impact resistance, insulating characteristics for extreme exterior 

temperatures and filling to the electrophoretic surface (e.g. hydroxyl polyester or 
polyurethane hydrate as base material) 

• Finish coating, including monochrome paint or metallic paint, applied for resistance to UV 
radiation. The metallic paint also brings ensures colour and has a decorative effect. 

Another application of coatings is for wheel rims and other exterior metals (decorative or not). For 
wheel rims, those are often painted or polished and lacquered with a clear coat after a chemical 
conversion surface treatment (European Aluminium Association, 2011)[22]. Examples of specific 
surface finishes are: 

• Dura-Bright® technology; 
• chrome plating; 
• polished clear coat wheel finish. 

Silicon coatings are also commonly used as they ensure important properties for safety sensitive parts 
such as airbags, notably gas-retention and flame retardance. Most often, these properties are 
achieved by applying a first layer of gas-retaining polymer (such as a silicone-containing polymer) to 
the fabric surface and by applying a second, protective layer over the first layer, with incorporated 
flame-retardant additives. 

https://euc-word-edit.officeapps.live.com/we/wordeditorframe.aspx?ui=pt%2DPT&rs=sv%2DSE&wopisrc=https%3A%2F%2Fivlse.sharepoint.com%2Fsites%2Firiss%2F_vti_bin%2Fwopi.ashx%2Ffiles%2F66aed7b6e71d459abd6ccde8a4dd2288&wdenableroaming=1&mscc=1&hid=808A5DA0-E039-4000-F122-15BF64F8C813&wdorigin=AuthPrompt&jsapi=1&jsapiver=v1&newsession=1&corrid=c8965692-cc39-4037-81bd-c6b54b9ce822&usid=c8965692-cc39-4037-81bd-c6b54b9ce822&sftc=1&cac=1&mtf=1&sfp=1&instantedit=1&wopicomplete=1&wdredirectionreason=Unified_SingleFlush&rct=Medium&ctp=LeastProtected&_ftn22
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Automotive chemicals, including innovative examples such as bio-based automotive chemicals shall 
be addressed further on a future report. 

Polypropylene (PP), probably the most common plastics used in vehicles, is made from the 
polymerization of propylene gas in the presence of a catalyst system. A selection of automotive 
plastics will be further analysed in a future report. 

Polyamides, or nylon 6, a commonly used engineering plastic, also plays an important role in safety 
sensitive applications such as airbags as it ensures high strength, heat stability, good aging 
characteristics, energy absorption, coating adhesion, and functionality in extreme hot and cold 
conditions. A selection of automotive engineering plastics will be further analysed in a future report. 

 
5.4.1.3 End-of-life 

An EoL vehicles are collected and separated into parts before shredding. Ferrous metals (steel) that 
are not removed for spare parts, are separated from the non ferrous metals and other materials 
through magnetic separation after shredding (Duranceau and Spangenberger, 2011). [7] 

Pure steel can be recycled repeatedly without loss of quality or strength. Recycling one tonne of steel 
conserves 1.15 tonnes of iron ore, 570kg of coal and 48kg of limestone. However, metals are often 
utilized in mechanically and/or physically (i.e., alloyed) combined forms. Not only alloyed metals, but 
also mechanically combined metals become practically inseparable during the remelting stage in the 
recycling process, unless they are separated in advance. Consequently, closed-loop recycling of metals 
maintaining required quality tends to be infeasible. Currently open-loop recycling is the mainstream 
recycling strategy (Ohno et al., 2017).[8] 

End of life vehicle plastics which cannot be recycled are mostly shredded mainly for use in energy 
recovery. 

5.4.2 State of play on SSbD per VC and VC actors (existing methodologies) 
The automotive industry is evolving to include more sustainable designs and products. The literature 
shows that to effectively analyze a product, the original and new improved design must be compared. 
In addition, customer opinion is key to introducing a successful product. 

When choosing materials, designers and engineers must consider many factors, that are at times 
conflicting in terms of economic and environmental impacts. For the design team to handle conflicting 
objectives (e.g., cost vs. lightweight; functionality vs. recyclability, etc.) it must have well-defined and 
acceptable limits for each design requirement. The figure below exemplifies a proposed model for 
sustainable material selection study for BIW, in the context of a lightweight design. 

https://euc-word-edit.officeapps.live.com/we/wordeditorframe.aspx?ui=pt%2DPT&rs=sv%2DSE&wopisrc=https%3A%2F%2Fivlse.sharepoint.com%2Fsites%2Firiss%2F_vti_bin%2Fwopi.ashx%2Ffiles%2F66aed7b6e71d459abd6ccde8a4dd2288&wdenableroaming=1&mscc=1&hid=808A5DA0-E039-4000-F122-15BF64F8C813&wdorigin=AuthPrompt&jsapi=1&jsapiver=v1&newsession=1&corrid=c8965692-cc39-4037-81bd-c6b54b9ce822&usid=c8965692-cc39-4037-81bd-c6b54b9ce822&sftc=1&cac=1&mtf=1&sfp=1&instantedit=1&wopicomplete=1&wdredirectionreason=Unified_SingleFlush&rct=Medium&ctp=LeastProtected&_ftn7
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Figure 12 Factors of sustainable material selection for BIW. Figure source: Mayyas et al., 2012. 

Table 12 What has been done with regards to SSbD? (non-exhaustive) 

Life cycle Raw 
Material 
Extraction 
(if 
relevant) 

Raw materials Processing 
(material or 
chemical) 

Processing 
(product) 

Transport Use End-of- 
life 

SSbD 
ongoing 
initiatives 

 -Lightweighting 
design through 
replacement of 
steel by 
aluminum or 
other less dense 
metals 

-SSAB’s 
fossil-free 
steel 

 
-Novel 
materials 
formulations 
of the brakes 

-Advanced 
coating 
structures 
for lifetime 
extension of 
base 
materials as 
metals 

  -Nylon 
recycling 
solution 
from 
Solvay 

  pad and disc   

  to reduce   

  brake   

  particle   

  emissions   

  (good results   

  achieved on   

  LowBraSys   

  project)   

 
5.4.2.1 Ecodesign and Recycling 

The EU enforced the End of Life (ELV) Directive (2000/53/EC). It aims to reduce the waste generated 
by ELVs and also to protect the environment by promoting the reuse and recycling of ELV components. 
According to the ELV Directive, from January 1, 2015, recovery requirements should achieve the target 

http://www.lowbrasys.eu/en/
http://www.lowbrasys.eu/en/
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of at least 95% (with a maximum energy recovery of 10%) and a minimum of 85% of the total material 
has to be reusable and recyclable. Common vehicles currently have recyclability rates higher than 85% 
for any equipment version. The design for recyclability of a vehicle usually begins with the design and 
selection of materials. After a vehicle is scrapped, whether the components as well as parts and 
materials can be recycled depends largely on the retention of the original properties of the materials 
and the performance of the material itself. The connection between components and parts also 
directly affects the recyclability of vehicles after they are scrapped. Some materials that can be 
recycled will become difficult to recycle or will become non-recyclable because the connection with 
other materials was bonding and welding, which are difficult to separate or dismantle. 

 
5.4.3 Life cycle analysis and supply chain traceability 

 
5.4.3.1 Life Cycle Assessment (LCA) 

The automotive industry has been using Life Cycle Assessment and related tools since the early 1990s. 
Manufacturers have since used the LCA methodology mainly internally for the following applications: 
as 1) hot spot analysis/improvements, 2)research to inform technical developments, 3) calculation of 
scope 3 emissions, and 4) internal steering to reduced GHG emissions.[1] For LCAs to determine the 
global warming potential of vehicles – with an Internal Combustion Engine, (ICE) – the average use 
phase accounts for around 80% for passenger cars and even more for heavy-duty vehicles due to their 
range of applications. Within the production phase, a major share is determined by the materials of 
the supply chain. End-of-life emissions, including recycling, are only about 1% of the entire life cycle 
emissions. For BEVs, around 50% of CO2 emissions are generated in the production phase, and the 
other half comes from the use phase, considering the mix of electricity generation systems in Europe 
used to for charging (acea, 2021). Due to the complexity of the automotive supply chain, the sector 
manufacturers and suppliers do not rely on a single LCA final result to compare different vehicles. This 
can be observed in a comparative study done recently that compared the environmental impacts of a 
gasoline turbocharged ICEV and a Lithium-ion BEV by means of using the LCA methodology based on 
a wide range of impact categories to human and ecosystem health including acidification, human 
toxicity, particulate matter, photochemical ozone formation and resource depletion. The results 
revealed different performance levels between the two types of vehicles depending on the parameter 
examined, demonstrating that sustainability in the automotive sector is often about trade-offs (Del 
Pero et al., 2018). 

The prospects for developing a vehicle LCA has been recently increasing with the establishment of the 
UNECE GRPE initiative and the EU funded TranSensus LCA project. 
[1]https://unece.org/sites/default/files/2022- 
05/13_OICA_20220531_OICA%20presentation_UNECE%20GRPE%20LCA_v4.pdf 

 
5.4.3.2 International Material Data System (IMDS) 

A group of automotive manufacturers developed a common system to be used throughout the supply 
chain called the IMDS (International Material Data System) to facilitate the reporting of materials used 
in vehicles around the world and to better cope with increasing standards, laws and regulations in the 
field of substances and recycling targets (AIAG, n.d.). The IMDS is an online database where all 
materials used for manufacturing automobiles are collected, maintained, analyzed and archived. Its 
primary aim was to simplify the recycling and reutilization of end-of-life vehicles and their parts. The 
IMDS database was created through a joint venture between DXC Technology, and a consortium 

https://euc-word-edit.officeapps.live.com/we/wordeditorframe.aspx?ui=pt%2DPT&rs=sv%2DSE&wopisrc=https%3A%2F%2Fivlse.sharepoint.com%2Fsites%2Firiss%2F_vti_bin%2Fwopi.ashx%2Ffiles%2F66aed7b6e71d459abd6ccde8a4dd2288&wdenableroaming=1&mscc=1&hid=D51E5EA0-B08C-4000-F122-190977569DDB&wdorigin=AuthPrompt&jsapi=1&jsapiver=v1&newsession=1&corrid=5145aabb-7741-46a2-816e-35dd550d0d5a&usid=5145aabb-7741-46a2-816e-35dd550d0d5a&sftc=1&cac=1&mtf=1&sfp=1&instantedit=1&wopicomplete=1&wdredirectionreason=Unified_SingleFlush&rct=Medium&ctp=LeastProtected&_ftn1
https://euc-word-edit.officeapps.live.com/we/wordeditorframe.aspx?ui=pt%2DPT&rs=sv%2DSE&wopisrc=https%3A%2F%2Fivlse.sharepoint.com%2Fsites%2Firiss%2F_vti_bin%2Fwopi.ashx%2Ffiles%2F66aed7b6e71d459abd6ccde8a4dd2288&wdenableroaming=1&mscc=1&hid=D51E5EA0-B08C-4000-F122-190977569DDB&wdorigin=AuthPrompt&jsapi=1&jsapiver=v1&newsession=1&corrid=5145aabb-7741-46a2-816e-35dd550d0d5a&usid=5145aabb-7741-46a2-816e-35dd550d0d5a&sftc=1&cac=1&mtf=1&sfp=1&instantedit=1&wopicomplete=1&wdredirectionreason=Unified_SingleFlush&rct=Medium&ctp=LeastProtected&_ftnref1
https://unece.org/sites/default/files/2022-05/13_OICA_20220531_OICA%20presentation_UNECE%20GRPE%20LCA_v4.pdf
https://unece.org/sites/default/files/2022-05/13_OICA_20220531_OICA%20presentation_UNECE%20GRPE%20LCA_v4.pdf
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composed of Audi, BMW, Daimler, Ford, Opel, Porsche, VW, and Volvo. Other companies have since 
joined the consortium and almost all OEMs with a global presence now use the IMDS. The IMDS has 
become the international standard for the sector (IMDS Professionals, n.d.). According to the ELV 
Directive, vehicles manufactured after July 1, 2003, may not contain lead, hexavalent chromium 
(chromium VI), cadmium or mercury, apart from in exceptional cases, as listed in Annex II. These 
exceptions are being gradually revoked. The IMDS provides a record of substances that have been 
approved as exceptions and ensures they are being used in the correct quantities. It was later 
developed so that reports could be generated in accordance with other regulations such as REACH 
and the Biocidal Product Directive. In the context of REACH, there are several actors involved in 
material and substance reporting, including producers and importers of articles (e.g. screw, fastener) 
or complex objects (e.g. car, engine, bumper), importers of mixtures (e.g. engine oil from USA) and 
importers of substances (e.g. elemental magnesium from Australia). Article producers and article 
importers have specific obligations under REACH, in particular the registration of substances intended 
to be released from articles and the communication/notification to downstream users and ECHA of CL 
substances present in the article under certain conditions. Under REACH it is not required to register 
or to notify ECHA of substances in articles if they are already registered for that use. However, the 
presence of CL substances must be communicated to downstream users in this case (Acea, 2018). The 
manufacturer also needs to check the Material Data Sheets against the Global Automotive Declarable 
Substance List (GADSL) before they can be approved. 

5.4.3.3 GADSL 

The GADSL – Global Automotive Declarable Substance List – is a list of materials used in the 
automotive sector which must be declared. As of 2021, the GADSL consists of 4,008 materials. The de- 
identification options in the International Material Data System (IMDS) (for example, for confidential 
corporate information) may not be used for materials which have to be declared. This may be for 
different reasons: either because the law states that Substances of Very High Concern (SVHCs) must 
be registered or for other technical reasons. Materials can also be completely prohibited. based on 
careful checks to justify the prohibition. For example, a substance may be prohibited as a biocide but 
allowed as a vulcanizing material. It is also possible for materials to be prohibited but still have to be 
declared, which are designated as “must be declared/prohibited”. In practice, this means the material 
is prohibited with exceptions. For example, lead is completely prohibited in automotive components 
but there are precisely defined exceptions for specific vehicle components. 

5.4.3.4 Drive Sustainability and Drive + 

Drive Sustainability (DS) is an Automotive Partnership between several automotive manufacturers, 
facilitated by CSR Europe, that seeks to positively influence the automotive supply chain by promoting 
a common approach within the industry and by supporting the integration of sustainability into 
procurement processes. DS has a set of common guidelines - the Guiding Principles – that outline 
expectations for suppliers on key responsibility issues including, but not limited to, business ethics, 
working conditions, human rights and environmental matters. Based on these guidelines, DS has 
developed several tools and resources, including a self-assessment questionnaire, training services, 
and local networks. 

Drive Sustainability aims to set-up and promote the use of common principles, methods and tools in 
the automotive supply chain and to cascade those beyond Tier 1. This can only be achieved through 
close collaboration of automotive companies, suppliers, and other stakeholders. Drive+ is a service 
offered by Drive Sustainability to automotive suppliers and supplier associations to foster the dialogue 
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between its members and the OEMs in Drive Sustainability. It also provides learning opportunities on 
key sustainability topics in the automotive supply chains.[1-5] 

Table 13 Mapping of VC actors 
 

Life cycle Raw 

Material 

Extraction 

(if relevant) 

Production 

/Processing 

(material or 

chemical) 

Processing 

(product) 

Transport Use End-of-life 

Relevant 
actors 

 Material 
manufacturers 

-Tier 1 – n 
suppliers 

-Logistic 
companies 

Providers of 
maintenance 

Recyclers 
Landfills 

(metal, plastics, -Assembling and dealers services 
textiles, etc.) plants  Used car sales 

 -Car   
 manufacturers   

 (OEMs)   

 

5.4.4  Main SSbD challenges foreseen (priorities on product Safety + 
Climate neutrality+ Circularity) 

The automotive industry is under increased pressure to find alternatives for substances with certain 
hazardous properties due to different material regulations, mostly related to the REACH restrictions, 
but also ELV Annex II and others. 

Due to its complexity, the substitution of substances within the automotive value chain takes between 
3 to 5 years on average, and that is if a feasible substitute already exists. Acceptable substitutes are 
those that allow the product, service or article to achieve all technical criteria across the lifecycle of 
the substance for use in a dedicated product, service or article. Demonstrating availability of 
alternatives based on environment and health is not sufficient for applicability at an industrial level. 
Needed and available quantities, quality, performance and functionality, consistency and price 
competitiveness must also be considered. 

There are specific challenges associated with the identification of alternative substances in the 
automotive industry, often leading to necessary trade-offs. For example, a substance or material that 
confers more durability and resistance to a product for the lifetime of a vehicle is not necessarily one 
that is easier to recycle, repair, or that fulfills the strict performance and safety requirements of 
vehicles, while still being aesthetically pleasant or economically viable. Though the use of LCA 
calculations might cover some of these aspects, it is still unclear who defines the acceptable levels 
(e.g. under the framework for SSbD context) depending on the different uses of a single substance 
even within the same value chain. 

The specific use of a substance or material in a vehicle is of high importance for safety reasons. There 
are high safety standards and requirements that need to be followed by vehicles on the market and 
the specific properties of certain chemicals and substances are key to ensure needed resistance, 
durability, protection, etc. 

The framework for SSbD criteria is to be applied on a chemical level, but considerations needed for 
certain evaluations will probably extend to a specific product. For instance, safety aspects that define 
a chemical as safe must consider intended use and exposure, taking a LCA of a substance within a 
certain product. 

https://euc-word-edit.officeapps.live.com/we/wordeditorframe.aspx?ui=pt%2DPT&rs=sv%2DSE&wopisrc=https%3A%2F%2Fivlse.sharepoint.com%2Fsites%2Firiss%2F_vti_bin%2Fwopi.ashx%2Ffiles%2F66aed7b6e71d459abd6ccde8a4dd2288&wdenableroaming=1&mscc=1&hid=D51E5EA0-B08C-4000-F122-190977569DDB&wdorigin=AuthPrompt&jsapi=1&jsapiver=v1&newsession=1&corrid=5145aabb-7741-46a2-816e-35dd550d0d5a&usid=5145aabb-7741-46a2-816e-35dd550d0d5a&sftc=1&cac=1&mtf=1&sfp=1&instantedit=1&wopicomplete=1&wdredirectionreason=Unified_SingleFlush&rct=Medium&ctp=LeastProtected&_ftn1
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Considering the long-life cycle of most automotive vehicle (10-20 years) and the eventual need for 
repair or repurpose of certain parts or components, concepts such as (re)design can be relevant, 
particularly if the criteria and thresholds for safety and sustainability evolve over time. 

Table 14 Description of known safety and sustainability issues in the specified value chain 
 

Life cycle Production 

and 

Processing 

(material or 

chemical) 

Processing 

(product) 

Transport Use End-of-life 

Issues      

Criticality – 
are critical 
materials 
used? Which 
ones? 

   Recovery of critical 
materials at EoL is 
often difficult 

Toxicity 
(human and 
environmental 
safety); Which 
toxicity 
endpoints of 
concern? 

 In recent years, 
there has been a 
noticeable increase 
in the intensity of 
research on the 
use of PDMS as 
flame retardants 

   

modifying the 
properties of 
organic polymers 
due to limitations 
in the use of flame 
retardants 
(commonly used 
for the production 
of silicone- 
containing coating 
materials), 
especially 
halogenated ones, 
in accordance with 
the REACH 
regulations and 
the RoHS 
directive.[1] 

Environmental 
sustainability; 
which 
sustainability 
issues of 
concern? 

 Automotive paints 
or coatings result 
in solid waste 
(paint sludge), 
liquid waste 
(boothwater) and, 

 Tyre abrasion 
is the main 
contributor to 
the 
unintentional 
release of 

Airborne dust 
('fluff') caught by 
the shredder dust 
collection system, 
(consisting of 
upholstery fibres, 

when solvent- microplastics dirt, rust, paint, 
based paints are into the etc.) 
used, also volatile environment  

organic   

compounds Zinc leaching  

(VOCs). occurs during  
 the whole tyre  

 life due to tyre  

https://euc-word-edit.officeapps.live.com/we/wordeditorframe.aspx?ui=pt%2DPT&rs=sv%2DSE&wopisrc=https%3A%2F%2Fivlse.sharepoint.com%2Fsites%2Firiss%2F_vti_bin%2Fwopi.ashx%2Ffiles%2F66aed7b6e71d459abd6ccde8a4dd2288&wdenableroaming=1&mscc=1&hid=D51E5EA0-B08C-4000-F122-190977569DDB&wdorigin=AuthPrompt&jsapi=1&jsapiver=v1&newsession=1&corrid=5145aabb-7741-46a2-816e-35dd550d0d5a&usid=5145aabb-7741-46a2-816e-35dd550d0d5a&sftc=1&cac=1&mtf=1&sfp=1&instantedit=1&wopicomplete=1&wdredirectionreason=Unified_SingleFlush&rct=Medium&ctp=LeastProtected&_ftn1
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    tread 

consumption 
 

Social (if 
known) 

     

Circularity 
(Recyclability, 
reusability) 

    Accumulation of 
legacy hazardous 
substances on 
recycled material 

Other 
(economic, 
functionality?) 

     

Criticality (critical raw materials; Toxicity: See Table 29 for indicators of toxicity and environmental 
sustainability). 

https://single-market-economy.ec.europa.eu/sectors/raw-materials/areas-specific-interest/critical-raw-materials_en
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5.5 Value Chain Energy Materials 
 

5.5.1  Steps within the VC covered (upstream & downstream steps): 
infographic describing the flows + types of stakeholders + company 
names 

 

Figure 13 Scope of the Energy Materials Sub-Value chains 

The value chains of the Energy Materials have been extensively developed in “The EMIRI technology 
roadmap of low carbon energy materials” in 2019. Further up-date is possible towards the next 
deliverable in M15 (Lerides et al., 2019). See also specific infographics under each sub value chains. 

 
5.5.1.1 Overview 

In a context of resource scarcity, societies in the energy value chain are aiming to transition towards 
sustainable circular economy business models that maintain the value of products, materials and 
resources in the economy for as long as possible, while minimising waste generation. 

Safety is examined from the perspective of the whole energy value chain. Improving safety at any level 
in the energy value chain (i.e. at the material level) should benefit all others, implying that safety 
considerations are important along the entire energy value chain. 
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Specific sustainability challenges for Energy Materials: 
 

Battery energy storage Hydrogen for mobility Hydrogen for stationary  Solar energy harvesting 
and CCU 

Building energy Wind energy Lightweight 
Figure 14 Energy materials in different sub value chains 

 

Figure 15 Carbon Capture Utilization: Captured CO2 can be transformed into a series of chemicals. 

The different sub value chains assessed include: 
• Hydrogen for Mobility (Fuel Cells) 
• Hydrogen for stationary applications 
• Hydrogen storage/distribution 
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• Solar Energy harvesting: photovoltaics, PV; CSP concentrated solar power 
• Wind energy harvesting 
• Building energy performance (Light weighting technologies) 

 
5.5.1.2 Battery Energy Storage 

Different battery energy storage systems are discussed particularly the hydrogen sub value chain. 

Table 15 Examples of the cross-cutting sustainability matrix and lifecycle diagram for batteries. Source for 
the left table: BEDA, 2022. Source for the right figure: Porzio and Scrown, 2021. 

 

 

 

Figure 16 Overview of battery energy storage in Europe 

The battery value chain includes multiple steps, and presents opportunities for several stakeholders, 
from material suppliers, to manufacturers, to a multitude of sectors benefitting from electrification. 

The Figure below shows the various steps of the battery value chain, along with its main stakeholders. 
European organisations are marked with a star as they are strong in research, manufacturing of active 
materials, applications and recycling. 
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Figure 17 Battery value chain with respective stakeholders from material suppliers to manufactures, and end- 
of-life 

But EU is lacking capacity in cell and pack manufacturing – although more European organisations are 
increasingly upscaling pack manufacturing capacity - see next figure. 

 

Figure 18 European Gigafactories for energy storage 



The project receives funding from the European Union’s HORIZON EUROPE research and 
innovation programme under grant agreement n° 101058245. UK participants in Project IRISS are 
supported by UKRI grant 10038816. CH participants in Project IRISS receive funding from the Swiss 
State Secretariat for Education, Research, and Innovation (SERI) 48 

 

 

5.5.1.3 Hydrogen sub-value chain 

There are various Hydrogen technologies (production and storage) as well as different applications: 
 

. 
Figure 19 Hydrogen life cycle from production, distribution, storage, conversion system and application 

 
5.5.1.3.1 Hydrogen for Mobility (Fuel Cells) 

Materials flow between the different steps from the raw materials extraction up to the final product 
and recycling. 

 

Figure 20 Stakeholders in the hydrogen for mobility value chain 
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5.5.1.3.2 Hydrogen for stationary applications (electrolysers) 
 

Figure 21 Stakeholder mapping in the hydrogen for stationary applications value chain 

 
5.5.1.3.3 Hydrogen storage/distribution 

The EMIRI Focus Group Hydrogen has elaborated a draft of the different actors in the materials for H2 
storage - still to be published: 

 

Figure 22 Stakeholder mapping in the storage on board in type IV vessels 

https://www.google.com/url?sa=t&rct=j&q&esrc=s&source=web&cd&cad=rja&uact=8&ved=2ahUKEwiW79CEvqX6AhUV7aQKHTf-DwEQFnoECAgQAQ&url=https%3A%2F%2Femiri.eu%2F2021%2F10%2F08%2Fthe-emiri-focus-group-on-hydrogen-has-kicked-off%2F&usg=AOvVaw3tk3Qwbozi_qjER7SzoQs-
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Figure 23 Stakeholder mapping in storage in trailers or contains type I, II and III vessels 

 

Figure 24 Stakeholder in storage in sorbents and chemical compounds 

 

Figure 25 Main European actors/producers of storage systems 
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Figure 26 Main European actors for distribution of Hydrogen 

 

 
5.5.1.3.4 Solar Energy harvesting, PV, CSP (photovoltaics, concentrated solar power) 

 

Figure 27 Overview of actors along the value chain for solar energy harvesting 
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5.5.1.3.5 Wind energy harvesting 
 

Figure 28 Overview of actors along the wind energy harvesting value chain 

 
5.5.1.3.6 Building energy performance 

Various materials: insulation, thermal energy storage, glazing, lighting. 
 

Figure 29 Overview of actors along the building energy performance value chain 
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5.5.1.3.7 Flow thermal insulation materials as example 

 

Figure 30 Flow thermal insulation materials as example 

Light weighting technologies: light metals, glass and carbon fibres, composites, polymers, ceramics. 
 

Figure 31 Overview of materials, Performance and Main applications 
 
 

Figure 32 Overview of actors along the light weight technology value chain 
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5.5.2 State of play on SSbD per VC and VC actors (existing methodologies) 
An example is given in the table below on Battery Energy Storage, which shows a few SSbD issues. The 
work is this area is in progress and more details for battery energy storage and other energy sub value 
chains will be given in the next deliverable in M15. 

Table 16 What has been done with regards to SSbD for battery energy storage? 
 

Battery 
energy 
storage 

Raw 
Material 
Extraction 

Raw 
materials 

Processing 
(material or 
chemical) 

Processing 
(product 

Transport Use End-of- 
life 

SSbD 
ongoing 
initiatives 

Secure 
access to 
raw 
materials 
from 
resource- 
rich 
countries 
outside the 
EU. 

Sustaina 
ble 
sourcing 
of raw 
materials 
(Co, Ni…) 

efficient 
manufacturi 
ng process 
with lowest 
CO2 
footprint 

cell 
manufacturing 
industry, with 
the smallest 
environmental 
footprint 
possible e.g., 
NMP free 
processing 

Short 
and 
reliable 
access to 
products 
in 
proximity 
to 
customer 
s 

Increase 
the 
demand 
for e- 
mobility 
solutions 

Recyclin 
g: 
hydro, 
pyro, 
mechani 
cal 

 Facilitate 
the 
expansion/ 
creation of 
European 
sources of 
raw 
materials 

Decrease 
critical 
raw 
materials 
content 

renewable 
energy 

Create and 
sustain a 
cross-value 
chain 
ecosystem for 
batteries. 

 Plurifunctio 
nal 
application 
s 

Direct 
recycling 

 Secure  upstream encouraging  Make Design 
access to integration cross-sectoral storage an for 
secondary  initiatives alternative recycling 
raw   to  

materials   convention  

through   al grid  

recycling in   reinforcem  

a circular   ent  

economy     

of     

batteries.     
   higher IPCEI  ESS at all Design 

energy (Important levels of for 
density Projects of the power sustaina 
materials Common system bility 

 European including  
 Interest) behind the  

  meter  
   innovative Make Europe  Create a Automat 

calcination attractive for competitiv ed 
technologies world-class e disasse 

 experts and advantage mbly 
 create a with  
 competent constant  
 workforce. incrementa  
  l (e.g.,  

  lithium-  
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Battery 
energy 
storage 

Raw 
Material 
Extraction 

Raw 
materials 

Processing 
(material or 
chemical) 

Processing 
(product 

Transport Use End-of- 
life 

      ion) and 
disruptive 
(e.g., solid 
state) R&I 
linked to 
the 
industrial 
ecosystem. 

 

    investments in 
the general 
population’s 
awareness 

 Standardiz 
e storage- 
related 
installation 
s and 
safety 
rules 

Second 
life 

      Battery 
passport 

 

AEM FC, anion exchange membrane (AEM) fuel cell; CRM, Critical Raw Materials; FC, fuel cell; PEM FC, 
Proton exchange membrane (PEM) fuel cells; PFAS, Per- and polyfluoroalkyl substances. PGM, 
Platinum Group Metals; SOFC, solid oxide fuel cell. 

Table 17 What has been done with regards to SSbD for hydrogen for mobility fuel cells? 
 

Hydrogen 
for Mobility 
Fuel cells 

Raw 
Material 
Extraction 
(if 
relevant) 

Raw 
materials 

Processing 
(material 
or 
chemical) 

Processing 
(product) 

Transport Use End-of-life 

SSbD 
ongoing 
initiatives 

 Reduction 
of PGM 
loading in 

 Increase of PEM 
FC conversion 
efficiency 

Reduce 
GHS 
emission 

decrease 
cost of FC 
through 

Recycling 
PGMs from 
PEM FC 

PEM FC from materials 
catalysts heavy developm 

 duty ent and 
 mobility better 
 applicatio understan 
 ns ding of 
 (trucks, material 
 buses, behaviour 
 maritime  
 , trains,  

 …)  
  Move away  Improvement of  Developm Recycling 

from PFAS PEM FC ageing ent of friendly 
 and degradation hydrogen materials 
  refueling design 
  infrastruct  

  ure  
  Reduce  Improve   Reusable 

CRM corrosion of ionomers 
content in bipolar plates  

AEM FCs   
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Hydrogen 
for Mobility 
Fuel cells 

Raw 
Material 
Extraction 
(if 
relevant) 

Raw 
materials 

Processing 
(material 
or 
chemical) 

Processing 
(product) 

Transport Use End-of-life 

  Reduction  Europe has   circular 
of CRMs committed to design of 
(Co) in supporting components 
SOFC research, to improve 

 technological sustainability 
 development  
 and  
 demonstration  
 activities in FC  
 and hydrogen  
 energy  

 technologies.  

 
Table 18 What has been done with regards to SSbD for hydrogen in for stationary applications (including 

CCU)? 

Hydrogen for 
stationary 
applications 
(electrolysers 
) and carbon 
capture 
Utilisation 

Raw 
Material 
Extraction 
(if 
relevant) 

Raw 
materials 

Processing 
(material 
or 
chemical) 

Processing 
(product) 

Transport Use End-of-life 

SSbD ongoing 
initiatives 

 Lowering Ir 
& Pt 

Green 
hydrogen 

Increase 
stack 

Reduction 
of GHG 

Reducing 
GHG 

Recycling 
PGMs and 

loading based on lifetime emissions emissions bipolar plates 
while renewable  from heavy from the (including 
preserving energy  duty gas grid, coatings) 
performan   mobility by directly  

ce   application injecting  
   s (trucks, the H2 gas  
   buses,   
   maritime,   

   trains, …)   
  Reduce Carbon Europe has  Re-use of circular design 

PFAS issue capture in committed CO2 for of components 
 SMR (blue to new to improve 
 hydrogen) supporting sustainable sustainability 
  research, chemicals  
  technological (see next  
  development figure)  
  and   
  demonstrati   
  on activities   
  in FC and   
  hydrogen   
  energy   
  technologies   

  .   

    Enhance 
durability of 
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    equipment 

by 
increasing 
lifetime of 
stack, gas 
path 
components, 
membranes, 
catalyst and 
sorbents 

   

 
Table 19 What has been done with regards to SSbD for solar energy harvesting? 

 

Solar Raw Raw Processin Processing Transport Use End-of-life 
energy Material material g (product)    

harvestin Extraction s (material     

g (if 
relevant) 

 or 
chemical) 

    

SSbD 
ongoing 
initiatives 

   Improve the 
efficiency of 
modules 

 Zero-Energy 
Buildings 

 

    Reduce the  Plus Energy  
ecological Buildings 
footprint and  

increase the  

recyclability  

of module  

components  
    low lifecycle 

GHG 
emissions 

 building 
integrated 
photovoltaics 

 

      Renewable 
energy 

 

      Energy 
storage 

 

      Eco-design  

      Energy Label 
policy 

 

 
Table 20 What has been done with regards to SSbD for wind energy harvesting? 

 

Wind 
energy 
harvesting 

Raw 
Material 
Extraction 
(if 

Raw 
materials 

Processing 
(material or 
chemical) 

Processing 
(product) 

Transpor 
t 

Use End-of-life 

relevant) 
SSbD 
ongoing 
initiatives 

 Life cycle 
assessmen 
t 

Reduction 
of CRMs 
(magnets) 

Improve 
recyclability 
of blade 

  85% of 
wind 
turbine 

composites composites mass is 
  recyclable 

    Improve   New 
lifetime of processes 
the required 
turbines to improve 

 recyclabilit 
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       y of the 

blades 
    Increase  Decrease  

the noise 
performanc  

e of  

turbines to  

achieve  

high power  

and lighter  

turbines  

 
Table 21 What has been done with regards to SSbD for building energy performance? 

 

Building 
energy 
performance 

Raw Material 
Extraction 
(if relevant) 

Raw 
materials 

Processing 
(material or 
chemical) 

Processing 
(product) 

Transport Use End- 
of- 
life 

SSbD 
ongoing 
initiatives 

  Insulation 
materials: 
Inorganic, 
organic, 
innovative 
new ones… 

Low emissivity 
(low-e) glass 

   

   Thermal 
energy 
storage 
materials 

Dynamic 
glazing 

   

    Thermochromi 
c glazing 

   

    Photochromic 
glazing 

   

    Novel lighting 
technologies 
and materials 

 Lighting- 
emitting 
diode 
(LEDs) 

 

      Organic 
LEDs 
(OLEDs) 

 

 
EV, electric vehicle; GHG, greenhouse gas emissions 

Table 22 What has been done with regards to SSbD for hydrogen for light weighting technologies? 
 

Light 
weighting 
technologies 

Raw 
Material 
Extraction 
(if 
relevant) 

Raw 
materials 

Process 
ing 
(materi 
al or 
chemic 
al) 

Processing 
(product) 

Transport Use End-of-life 

SSbD ongoing 
initiatives 

 Substitute 
hazardous 
and scarce 
raw 
materials 

 Resources 
(energy, 
consumables) 
efficient 
product & 
manufacturing 

  Recycling 
alloys and 
fibers 
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    Multi- 

functionality 
 Reduction 

EV battery 
weight 

Cradle to 
cradle 
performance 
studies 

      Less GHG 
emissions 

 

 
Table 23 (SSbD) initiatives for Battery Energy Storage 

 

 Initiative 

 EC 

 National and European industrial association/federation 

 EIT InnoEnergy 

 https://setis.ec.europa.eu/index_en 

 Batteries Europe platform 

 https://bepassociation.eu/ 

 Circular Economy Action Plan 

 Batteries Directive (2006/66/EC) 

I 
Known funded initiatives: 
https://battery2030.eu/ 
E-MobiLity LifE CyCLE AssEssMEnt RECoMMEndAtions 

http://elcar-project.eu 
Sustainable batteries: an ongoing challenge to circular thinking 

https://www.helios-h2020project.eu › ... 
Sustainable, safe and efficient recycling processes (Batteries ... 

https://www.euro-access.eu › calls 

https://setis.ec.europa.eu/index_en
https://energy.ec.europa.eu/topics/research-technology-and-innovation/batteries-europe_en
https://bepassociation.eu/
https://ec.europa.eu/environment/circular-economy/pdf/new_circular_economy_action_plan.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32006L0066
https://battery2030.eu/
http://elcar-project.eu/uploads/media/eLCAR_Flyer.pdf
http://elcar-project.eu/
https://www.helios-h2020project.eu/news/sustainable-batteries-ongoing-challenge-circular-thinking
http://www.helios-h2020project.eu/
https://www.euro-access.eu/calls/manufacturing_technology_development_for_solid-state_batteries_ssb_generations_4a_-_4b_batteries_batteries_partnership_1
http://www.euro-access.eu/
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5.5.3 Main SSbD challenges foreseen (priorities on product Safety + 
Climate neutrality+ Circularity): 

Example: Battery Energy Storage (work in progress) 

Table 24 Description of known safety and sustainability issues in the specified value chain 
 

Life cycle Raw Material Raw Production Processing Transport Use End-of-life 
Extraction 
(if relevant) 

materials and 
Processing 

(product) 

  (material or  

  chemical)  
Issues        

Raw materials 
Criticality – 
are critical 
materials 
used? Which 
ones? 

 
Environmental 
Impacts of 
Raw Material 
Extraction 
and 

 
Resource 
Depletion 

(Co, 
Li...) 

Waste 
(sulphates...) 

Unrecovered 
solvents 
(NMP : N- 
Methyl-2- 
Pyrrolydone) 

   

Processing 
manufacturing 

 energy 
 footprint 

Toxicity 
(human and 
environmental 
safety); Which 
toxicity 
endpoints of 
concern? 

     flammability  

Environmental 
sustainability; 
which 
sustainability 
issues of 
concern? 

       

Social (if 
known) 

       

Circularity 
(Recyclability, 
reusability) 

       

Other 
(economic, 
functionality?) 

       

Criticality (critical raw materials; Toxicity: See Table 29 for indicators of toxicity and environmental 
sustainability). 

https://single-market-economy.ec.europa.eu/sectors/raw-materials/areas-specific-interest/critical-raw-materials_en
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5.6 Value Chain Electronics 
The Electronics value chain contributes to the broader electrical and electronic equipment (EEE) 
category, which can be generally defined as “products with circuitry or electrical components with a 
power or battery supply” (UNU, 2014). A closely related concept, particularly within the regulatory 
context, is the e-waste or waste electrical and electronic equipment (WEEE), which in the EU is 
regulated since 2012 under the WEEE Directive (EU, 2012). Among the six categories that should be 
reported under the WEEE Directive as of 2018 (Forti et al., 2018), the electronics value chain most 
directly encompasses the following two: 

• Screens and monitors—includes televisions, computer monitors, laptops, notebooks and 
tablets 

• Small IT and telecommunication equipment—includes mobile phones, global positioning 
systems (GPS), pocket calculators, personal computers, printers, and telephones 

In other categories of electrical equipment, electronic components are typically integrated as printed 
circuit boards (PCBs) and screens (or other types of user interfaces), which from a sustainability 
perspective can be considered similar to such components originating from the two categories 
described above. 

The two categories described above are useful for estimating the total weight of the end-of-life e- 
waste generated in the electronics value chain as electronic components represent the bulk of their 
weight. In contrast, the electronic components in household or commercial equipment categories 
account for a very small fraction of their weight. With this in mind, the total e-waste generated in the 
electronics value chain worldwide in 2019 can be estimated as the sum of 6.7 Mt of screens and 
monitors and 4.7 Mt of small IT and telecommunication equipment (Forti et al., 2020). These rough 
estimates are important for evaluating the feasibility of circular economic activities, such as urban 
mining (Murthy and Ramakrishna, 2022). 

In addition to end-of-life considerations, raw materials, their processing, and the use of products are 
significant for SSbD implementation in the Electronics value chain. 

 
5.6.1 Sub-value chains 

 
5.6.1.2 High-performance Chips Sub-value-chain 

The design, production, and operation/applications of high-performance chips are the core drivers of 
the advanced semiconductor industry in Europe and worldwide. The high societal and economic value 
of this industry has been highlighted by the recent support from The European Chips Act (European 
Commission, n.d.) and CHIPS and Science Act (The White House, 2022) in the USA. The magnitude of 
the funding involved (tens of billions of EUR) and the multi-year timelines of these acts, however, also 
underscore that the progress in this sector is expected to be driven by continuous improvement and 
scaling of the existing fabrication paradigms, where the improved performance of the chips is the 
primary objective. Resources used for their production are determined by requirements inherent in 
achieving performance, rather than sustainability considerations. In the following illustration, the 
high-performance chips, such as processors and memory, correspond to the first two levels of 
integration (“Structures on a chip” and “Device”). 
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Figure 33 Different integration levels in electronics illustrated by an example of a charging infrastructure for 
electrical vehicles. Adapted from ECS SRIA 2021 (The White House, 2022). 

 

 

Figure 34 Lifecycle in the electronics value chain. 
 

5.6.1.3 Standard Electronic Components Sub-value-chain 

The standard electronic components (simple integrated circuits, transistors, resistors, capacitors, etc.) 
are typically assembled on PCBs and may be used on their own (e.g., PCBs inside simple electrical 
equipment) or accompany the high-performance chips (“Component” level in the preceding 
illustration). These components are typically manufactured at existing facilities and do not require 
advanced techniques, such as nanofabrication, to be produced. They are also typically inexpensive but 
may include small amounts of valuable materials (particularly metals). The manufacturing processes 
are well established for these components and are often optimized for cost and production volumes, 
rather than for sustainability considerations. 
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5.6.1.4 Printed, Flexible, and Wearable Electronics Sub-value-chain 

In recent decades, alternative fabrication methods have emerged to serve applications where the 
required functionality is simple (e.g., sensing temperature or producing a radio-frequency response), 
but very low cost and simplicity of the manufacturing process are critical. Different variants of printing 
methods are commonly used for such purposes. In many cases, these fabrication methods can be 
applied to or otherwise implemented on/in flexible materials, whether on flexible polymer substrates 
or even integrated with textiles. 

Continued innovation regarding the materials that can be used in these types of electronics makes 
them the most open to modifications that target sustainability. Flexible and wearable electronics may 
be also integrated into packaging and textile products, meaning that the sustainability considerations 
for such devices need to be coordinated with the corresponding value chains. 

 
5.6.1.5 Steps within the VC covered (upstream & downstream steps): infographic 

describing the flows + types of stakeholders + company names 
Electronics value chain spans across multiple market sectors in Europe and worldwide. 

 

Figure 35 Market sectors in the electronics value chain. Adapted from ECS SRIA 2021 (The White House, 
2022). 

As the above illustration shows, the market size increases dramatically with each level of processing 
and integration in the electronics value chain. The number of stakeholders and the complexity of 
products correspondingly increases with each level as well. The electronics value chain also spans a 
broad range of application areas and in many cases the increased introduction of electronics promotes 
both digital and green transitions. 
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Figure 36 Integration in the electronics value chain from chips to applications. Adapted from ECS SRIA 2021 
(The White House, 2022). 

The design and fabrication of high-performance chips requires immense financial resources and 
complex logistics and supply chains. Consequently, the high-performance chip sub-value-chain in 
Europe is dominated by a small number of multinational corporations, such as Applied Materials, 
ASML, Bosch, Infineon and ST Microelectronics. In contrast, the diversity of the application areas 
supports a broad range of companies at higher integration levels, from start-ups and SMEs to national 
and multinational enterprises (semi, 2022), represented in Europe by multiple clusters (Silicon Europe, 
n.d.). 

In many cases, the simplified use and/or logistics in the final applications (e.g., smart, Internet-of- 
Things, or low-power devices) of the electronics value chain is commonly achieved via increased 
complexity of individual chip and system-on-chip (SoC) designs and fabrication. When such chips and 
SoCs can be produced at the scale of millions of units, their individual cost drops to the point of being 
affordable even for cost-sensitive applications. 

 

Figure 37 Diversification of applications, continued miniaturisation and integration on chips and in package 
leads to higher value systems. Adapted from ECS SRIA 2021 (The White House, 2022). 
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5.6.1.6 State of play on SSbD per VC and VC actors (existing methodologies): 

Table 25 What has been done with regards to SSbD? 
 

Life 
cycle 

Raw 
Material 
Extraction 
(if relevant) 

Raw 
materials 

Processing 
(material 
or 
chemical) 

Processing 
(product) 

Transport Use End-of-life 

SSbD 
ongoin 
g 
initiativ 
es 

Major companies that 
produce chips (and 
their suppliers) are 
members of the 
Responsible Minerals 

Producing and 
processing silicon wafers 
is energy intensive, the 
use of renewable energy 
is growing 

 Most 
emissions 
related to 
mobile and 
data-center 

WEEE 
Directive, 
Extended 
Producer 
Responsibility 

 Initiative (RMI, 2022).  equipment (Habib et al., 
   come from 2022). 
   manufacturing  
   , not during  
   use (Upta et  

   al., 2011).  

Designing mobile phones and tablets to be sustainable – Ecodesign (europa.eu) 

Table 26 Mapping of different SSbD initiatives 
 

Life cycle Raw 
Material 
Extraction 
(if relevant) 

Production 
/Processing 
(material or 
chemical) 

Processing 
(product) 

Transport Use End-of-life 

Intel, TSMC, 
Samsung 

 Renewable energy: 82% at 
Intel, 13.9% at Samsung, 
7.6% at TSMC (Coan, 
2022). 

   

imec, Apple     Sustainable 
Semiconductor 
Technologies and 
Systems (SSTS) 
research 
program, to 
lower carbon 
footprint via chip 
design (Liu, 
2021). 

 

Apple      robot 
designed to 
dismantle 
iPhones 
(Abhishek 
Kumar 
Awasthi , 
2019). 

EC    EC initiative on “Designing 
mobile phones and tablets to be 
sustainable”, draft in 2022 

Researchers  Green electronics for less 
demanding applications 
(Mengyao Gao, 2018). 

   

https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12797-Designing-mobile-phones-and-tablets-to-be-sustainable-ecodesign_en


The project receives funding from the European Union’s HORIZON EUROPE research and 
innovation programme under grant agreement n° 101058245. UK participants in Project IRISS are 
supported by UKRI grant 10038816. CH participants in Project IRISS receive funding from the Swiss 
State Secretariat for Education, Research, and Innovation (SERI) 66 

 

 

5.6.1.7 Main SSbD challenges foreseen (priorities on product Safety + Climate 
neutrality+ Circularity): 

• Most consumers (64.5% UK, 56.7% Germany) find it difficult to find out if a device has been 
produced sustainably before purchasing (Royal Society of Chemistry, 2022). 

• More than 40% of consumers in Germany and the UK do not know what to do with unused 
electronics that they have at home (Royal Society of Chemistry, 2022). 

• Most of the e-waste from Europe is shipped for processing to low-income countries, where 
the level of available technology for recycling is limited and environmental regulations are 
often less strict than in Europe (Abalansa et al., 2021). 

Table 27 Description of known safety and sustainability issues in the specified value chain 
 

Life cycle Raw 
Material 
Extraction 
(if 
relevant) 

Raw 
materials 

Production 
and 
Processing 
(material or 
chemical) 

Processing 
(product) 

Transport Use End-of-life 

Issues        

Raw materials 
Criticality – 
are critical 
materials used? 
Which ones? 

 Yes, multiple ones (See 
Figure 38) 

    

Toxicity 
(human and 
environmental 
safety); Which 
toxicity 
endpoints of 
concern? 

  Many toxic materials 
(solvents, liquids, gases) 
are used during the 
production of 
semiconductors and chips. 
liquids: 
tetramethylammonium 

  Toxic materials 
(gases, 
metals) can be 
released 
during disposal 
including toxic 
metals such as 

hydroxide, glycol ethers, mercury, 
xylene;  cadmium, 
gases: arsine, diborane, lead, 
and phosphine chromium, 

 cobalt, 
 beryllium; and 
 organic 
 compounds 
 released in 
 burning: 
 Per-fluroalkyls, 
 polychlorinated 
 biphenyls, 
 brominated 
 dioxin 

Environmental 
sustainability; 
which 
sustainability 
issues of 
concern? 

  Production of 
semiconductors and chips 
is inherently very energy 
intensive 

   

Social (if 
known) 

      Processing of 
e-waste in 
low-income 
countries can 
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       be harmful to 

local workers 
Circularity 
(Recyclability, 
reusability) 

  Recycled 
materials 
are 

   Chips combine 
materials at 
nanoscale, so 

insufficiently recovery is 
pure for use resource 
as intensive and 
secondary feasible only 
raw for precious 
materials in metals 
production  

Other 
(economic, 
functionality?) 

       

Criticality (critical raw materials; Toxicity: See Table 29 for indicators of toxicity and environmental 
sustainability. 

 

Figure 38 Elements found in electronics. Adapted from Ref. 4. 

https://single-market-economy.ec.europa.eu/sectors/raw-materials/areas-specific-interest/critical-raw-materials_en
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6. Conclusions 
D4.1 provides a preliminary step towards the development of a state-of-the-art SSbD ecosystem that 
supports the uptake and utilization of SSbD strategies by industry, especially SMEs. This deliverable is 
one of an iterative series (M4, M15 and M30) to analyze the value chains in a cradle-to-cradle 
approach and map the relevant value chain stakeholders to support mainly the WPs 1-3 in developing 
methodologies and outputs that reflect the particularities of the value chains examined.In this 
particular deliverable , it was intended to give a first overview of the today knowledge for each value 
chain. Some value chains have made some focus on specific sub value chains, and others have given a 
different level of details. It is intended for the next deliverable in M15 to progress in a more exhaustive 
identification of the different SSbD challenges relevant to each sub value chains. 

This assessment is conducted by value chain (VC): packaging (ICP; Industrial Technical Centre for 
Plastics and Composites), textiles (ETP; EU Technology Platform for the Future of Textiles & Clothing), 
construction chemicals (EFCC; European Federation for Construction Chemicals), automotive (CLEPA; 
European Association of Automotive Suppliers), energy materials (EMIRI; Energy Materials Industrial 
Research Initiative), and electronics (INL; International Iberian Nanotechnology Laboratory). The 
assessment is supported by partners Cefic and EMPA together with the SusChem NTPs, which will 
represent the upstream steps of chemical products. 

This first deliverable establishes a baseline for further work on VC-specific roadmap development 
(WP3/WP4) supporting the operationalisation of SSbD within the VCs examined. In this deliverable, it 
was intended to give a first overview of the today knowledge for each value chain. Some value chains 
have made some focus on specific sub value chains, and others have given a different level of details, 
but all are of direct interest and show how complex the challenge is. It is intended for the next 
deliverable in M15 to progress in a more exhaustive identification of the different SSbD challenges 
relevant to each sub value chains. 

The industrial partners will therefore update and expand existing value chain-specific overviews in 
M15 and M30 following a standard procedure developed by Cefic for better comparability. 
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8. Annexes 

Annex I 
According to the JRC report [3], Environmental Sustainability refers to the ability to conserve natural 
resources and protect global ecosystems to support human health and wellbeing, within the limits of 
our Planet. Assessing environmental sustainability implies to assess the environmental impacts 
generated by chemicals/materials along the entire life cycle to move towards: 

- A toxic-free environment as stated in the CSS (i.e. minimising the total toxicity footprint in 
terms of ecotoxicity and human toxicity - at each stage of the production and consumption 
life cycle, originated not only by the assessed chemical or material, but also by all the 
chemicals that are emitted along the life cycle; 

- A climate-neutral economy (i.e. minimising the emission of greenhouse gases along the life 
cycle); 

- A resource efficient economy and a regenerative economy (i.e. using natural resources in a 
sustainable manner, minimising inputs and waste generation, and providing more benefits 
than burdens); 

- The reduction of biodiversity loss and the conservation of ecosystem functioning, addressing 
the main drivers of structural and functional biodiversity loss (e.g. land use, climate change). 

According to the JRC report [3], Social Sustainability is well reflected in the SDGs framework which 
comprises a globally agreed list of objectives and targets to be pursued for achieving sustainable 
development. In the SDGs framework several Goals focus on social aspects, e.g. poverty eradication 
(SDG 1), food security (SDG 2), health (SDG 3), education (SDG 4), gender equality (SDG 5), decent 
work (SDG 8), reduce inequalities (SDG 10), peace and justice (SDG 16). Other SDGs, while referring to 
environmental or technological aspects, have a clear link with social aspects, like those related to 
water and sanitation (Goal 6) and access to energy (Goal 7). 

According to the JRC report [3], Economic Sustainability refers to multiple aspects related to techno- 
economic feasibility, to operational costs, etc. Moreover, there are important considerations to be 
made in the context of SSbD such as the ‘availability’ of raw materials, as chemicals/materials cannot 
be declared SSbD if the raw materials to produce them are not renewable or are (very) scarce and 
extracted and processed in an unsustainable manner. Economic aspects play a role when there is a 
need to rank chemicals and materials based on SSbD criteria (even if they are not SSbD). However, 
mainly externalities consideration is at stake in a sustainability framework like the SSbD one. 
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Annex II 
Table 28 Components of the proposed SSbD criteria definition framework (adapted from JRC Report, 2022 

[3]) 
 

 
 

Table 29 List of aspects and indicators (hazard properties) relevant for Step 1 [3]) 
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Table 30 Criteria levels, descriptions and observations 
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Table 31 Recommended models for the Environmental Footprint method including indicator, units and 

models (adapted from [3]) 
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Table 32. List of SSbD design principles and associated definition, and examples of actions and indicators that 

can be used in the design phase [3] 
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