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Abstract 

The European Commission’s Safe and Sustainable by Design (EC SSbD) Framework aims to put together safety 
and sustainability considerations throughout the entire chemical and material innovation processes. Being a vol-
untary (pre-market) approach, the framework fosters the development of safe and sustainable chemicals, materials, 
processes, and products while drawing on existing legal frameworks. We explore the relationship between the EC 
SSbD Framework and current European legislation regarding safety and sustainability. We highlight commonalities 
and differences to deduce synergies, and identify opportunities for mutual support and benefit. By systematically 
evaluating each step of assessing safety and sustainability criteria, indicators, and elements in the EC SSbD Frame-
work, we demonstrate how information generated during the innovation process can also support legal compliance 
while driving pro-active design improvements. Vice versa, we investigate how regulatory data and methodologies can 
inform SSbD assessment steps, ensuring a reciprocal flow of information between innovation and compliance efforts. 
Despite notable differences identified, our findings demonstrate that the voluntary EC SSbD Framework has an added 
value, and it fosters synergies between innovation of chemicals and materials and safety and sustainability provisions 
of relevant legislation.
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Background
The current legal frameworks for assessing and managing 
chemicals in the European Union (EU) have evolved over 
several decades. Starting with the directive on dangerous 
substances [1] in 1967, there are today over 40 individual 
pieces of legislation [2] dedicated to ensure overarch-
ing chemical safety [3, 4] as well as safety of various 
substance groups in their applications (for e.g. cosmet-
ics, biocidal products). In addition, there are numerous 
regulations and directives addressing various aspects 
of sustainability concerning chemical substances, pro-
cesses, and products at different stages of their life cycle. 
A regulation is directly binding in the EU Member States 
as soon as published in the Official Journal of the Euro-
pean Union [5]. A directive defines goals of the EU and 
the Member States devise their own laws on how to reach 
these goals. Those legislation can all be seen as specifica-
tions of the Treaty on the Functioning of the European 
Union Title XX Articles 191 [6](“The European Unions 
(EU) environmental policy […] aims to preserve, protect 
and improve the quality of the environment and to protect 
human health”) [7] as well as two Articles of the Charter 
of Fundamental Rights of the of the European Union [8], 
namely Article 35 (“A high level of human health protec-
tion shall be ensured in the definition and implementation 
of all Union policies and activities.“) and Article 37 (“A 
high level of environmental protection and the improve-
ment of the quality of the environment must be integrated 
into the policies of the Union and ensured in accordance 
with the principle of sustainable development.”). Further-
more, EU legislation implements international treaties 
(e.g. Stockholm Convention, Montreal Protocol [9, 10]) 
into European law. Despite these efforts, the European 
Commission (EC), EU agencies, and member states as 
well as researchers continue to identify chemicals and 
materials that cannot be considered as safe and/or sus-
tainable, yet have already been placed on the market, 
leading to human and environmental exposure [11–13]. 
The European Green Deal [14] addresses this challenge 
through the EU Chemicals Strategy for Sustainability 
(CSS) [15]. The CSS calls, amongst others, for non-reg-
ulatory incentives to drive innovation, specifically from 
the perspective of pollution and risk prevention. These 
incentives- combined with a more coherent, predict-
able, and robust legal framework - are ought to facilitate 
the protection of human health and the environment. 
As a key action, the CSS identifies the development of a 
framework for safe and sustainable chemicals and mate-
rials, adopting a life cycle perspective. The idea behind 
this framework is to promote innovation that, starting 
from the conception of the innovative idea, facilitates 
the development of chemicals, materials, processes, and 
products without undesirable risks or life cycle impacts. 

The most important means of achieving this is the pro-
active assessment of safety and sustainability right from 
the earliest stages of innovation. Under this initiative, 
the EC’s Joint Research Centre (JRC) developed an SSbD 
Framework [16] and an associated methodological guid-
ance [17]. In December 2022, the EC issued a recom-
mendation to foster the implementation of the therein 
proposed EC SSbD Framework in innovation [18]. In 
addition, the EC has funded several research projects to 
further advance and operationalise SSbD. This includes 
ongoing efforts in the Partnership for the Assessment 
of Risks from Chemicals (PARC) [19] to operationalise 
SSbD by developing an SSbD toolbox [20], and establish-
ing an SSbD knowledge sharing portal [21]. In July 2025, 
the EC shared a draft of the EC SSbD Framework with 
revisions proposed by the JRC for consultation [22]. The 
draft does not refer to assessment steps anymore but 
refers to safety and sustainability in a more holistic way. 
Since this draft is under consultation, this publication 
focuses on the framework which is presented in the EC 
recommendation [18].

The EC SSbD Framework is a voluntary (pre-market) 
approach to support and guide innovation in achieving 
safe and sustainable chemical and material life cycles for 
new chemicals, material, processes, and products and to 
improve those which already exist by re-design. By simul-
taneously assessing the safety and sustainability dimen-
sions, the framework enables pro-active identification of 
hotspots and critical issues. Examples are hazards, unex-
pected high exposure, environmental impacts or resource 
inefficiencies; and the framework facilitates their identifi-
cation and mitigation during the innovation process. As 
innovation commonly follows an iterative process, the EC 
SSbD Framework can be applied from the early stages of 
innovation to the re-assessment of existing products and 
technologies, considering increasing data availability. In 
essence, SSbD thinking focuses on driving the process of 
continuous improvement from the perspective of safety 
and sustainability.

The assessment within the EC SSbD Framework con-
sists of five steps that follow life cycle thinking princi-
ples: Step 1 relates to hazard assessment of the chemical 
or material under consideration, in Step 2 human health 
and safety aspects (including environment) for produc-
tion and processing stages are assessed, while in Step 3 
the safety assessment focusses on the final application 
stage. Step 4 and Step 5 relate to the assessment of envi-
ronmental sustainability, and socio-economic sustain-
ability, respectively.

Under the umbrella of Treaty on the Functioning of 
the EU and the EU’s Charter of Fundamental Rights, 
the EC SSbD Framework shares many of the overall 
aims of the existing legal frameworks. Among these are 
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the reduction of the impacts of chemical or material life 
cycles on human health and the environment, transition 
to a more circular economy, and fostering innovation and 
competitiveness of the European industry. Thus, there 
is a high degree of commonality between the EC SSbD 
Framework’s safety and sustainability criteria, indica-
tors, and elements on one side, and provisions included 
under various pieces of EU legislation on the other side. 
However, many legal frameworks are designed to ensure 
the safety and a certain degree of sustainability of estab-
lished processes and marketed products with focus on 
specific substances, products or sectors. In contrast, the 
EC SSbD Framework provides an approach covering 
the innovation’s entire life cycle, and which is applicable 
to any chemical, material, process, and product under 
consideration. The EC SSbD Framework supports and 
guides innovation towards safe and sustainable develop-
ment, and ideally it would also directly facilitate compli-
ance with legal requirements for placing innovation on 
the market. Despite commonalities, there are important 
differences between the EU legal frameworks’ provisions 
and the EC SSbD Framework’s criteria, indicators, and 
other elements. This article explores how the information 
gathered and generated during the innovation process 
according to the EC SSbD Framework can be of value to 
meet the legal provisions related to safety and sustain-
ability across various regulatory processes. Vice versa, 
we also examine how the information and methodologies 
developed for legal compliance can help to inform the 
SSbD assessment in an iterative manner. The structure of 
the paper follows the EC SSbD Framework’s five steps for 
safety and sustainability assessment. The paper describes 
how the information obtained under each step relates to 
corresponding legal provisions. Based on this analysis, 
relevant commonalities and differences are deduced, and 
the benefits and limits of overlapping concepts, content 
and objectives are discussed.

To identify commonalities between the EC SSbD 
Framework and EU legal frameworks, we performed a 
systematic analysis and reviewed the five steps of the 
EC SSbD Framework for their individual objectives, the 
approaches followed to address these objectives, the indi-
cators used, and criteria applied. These were compared 
with criteria, obligations, and methodologies to address 
these obligations within some of the most prominent 
EU regulations and directives related to chemical safety 
and sustainability. Based on expert judgement, those EU 
regulations and directives were analysed regarding syner-
gies to the EC SSbD Framework. This analysis includes 
examination of provisions regarding hazard, exposure, 
and risk assessment as well as reporting requirements, 
obligations, and provisions related to sustainability. Fur-
thermore, guidance or publicly available information and 

methodologies originating from EU legislation that can 
support the SSbD assessment were identified. The aim 
of this analysis is highlighting the relationship, and how 
SSbD assessment outcomes may subsequently support 
compliance with the EU legal frameworks. The aim is not 
to achieve a complete collection of legal frameworks pos-
sibly relevant to SSbD. An in-depth analysis of common-
alities and differences between the EC SSbD Framework 
and provisions in individual EU legal framework would 
also require a detailed analysis of specific information 
and reporting requirements of each piece of legislation, 
and the associated regulatory guidance. It would merit 
its own publication. We also noted that several EU leg-
islations are currently under review or adaptation while 
for new legislation the specific obligations are not yet 
formulated or agreed. The present study gives an over-
view of the general and most obvious synergies and thus 
it is starting point for subsequent in-depth analyses of 
selected synergies.

How the assessment by the EC SSbD framework 
links to legal specifications
The starting point of the EC SSbD Framework is the 
scoping analysis that contextualises the assessment by 
defining the chemical or material under consideration, 
its life cycle and its function, the (re)design and innova-
tion maturity aspects [17]. The scoping analysis is crucial 
for performing the SSbD assessment as the assessment is 
context-specific, and its scope and boundaries need to be 
clearly defined. It provides the basis for the subsequent 
assessment within steps 1 to 5.

Hazard assessment of the chemical/material (step 1)
The assessment steps of the EC SSbD Framework follow 
the life cycle of a chemical or material under considera-
tion, starting with the intrinsic properties. Step 1 can be 
considered as the central element. It provides key infor-
mation about the hazard profile of the chemical or mate-
rial under consideration. Thus, it guides the entire SSbD 
assessment process. Indeed, the hazard profile identified 
in Step 1 is critical for determination of potential risks 
during production and processing (Step 2), application 
(Step 3), environmental sustainability impacts (Step 4), 
and potentially for the estimation on socio-economic 
impacts (Step 5). In addition, information gained during 
Step 1 assessment helps to identify potential legal impli-
cations for the substance or material under consideration 
when it enters the European market. Furthermore, com-
pletion of Step 1 may also highlight important informa-
tion gaps that need to be addressed.

Step 1 of the EC SSbD Framework defines three 
groups A, B, and C (or criteria H1, H2, and H3 in [16]) 
based on several hazard categories which are laid down 
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in the Regulation on Classification, Labelling and Pack-
aging (CLP) [4]. These groups or criteria align with haz-
ard criteria in further chemicals legislation, as shown in 
Table 1. Criteria for Group A substances mirror primar-
ily those in the Registration, Evaluation, Authorisation 
and Restriction of Chemicals (REACH) Regulation [3] 
to identify so-called “Substances of very high concern” 
(SVHC). Criteria of Group B substances include parts of 
criteria according to the Ecodesign for Sustainable Prod-
ucts Regulation (ESPR) [23] while the rest of hazard cat-
egories according to CLP are summarised in the criteria 
for Group C substances. This highlights the interconnec-
tion of Step 1 criteria and existing legal specification, and 
establishing a foundation for safety considerations. It is 
important to note, that in legislation predominantly the 
term “substance” is used, while the SSbD assessment is 
considered for “chemicals, materials, and products”. In 
this paper, the terms substance and chemicals are used 
simultaneously as they can be understood as synonyms. 
To some extent, the term “substance” also includes mate-
rials (e.g. nanomaterials). Furthermore, the terms “safety 
assessment” and “risk assessment” are used simultane-
ously in legislation and in the EC SSbD Framework, an 
can be understood as synonyms.

However, the link between Step 1 assessments and 
EU legislation is much broader. Much product-oriented 
EU legislation, the workplace safety legislation, and the 
legislation for environmental protection and on waste 
often refer to CLP, REACH, Persistent Organic Pollut-
ants (POP) Regulation [25], and their substance criteria. 

The goal of setting these references is to identify hazard 
and risks of substances, to enable a sound risk manage-
ment for safe handling, use, and disposal by controlling 
their production, marketing, use, and disposal. Several 
pieces of legislation specifically restrict the use of cer-
tain hazardous substances in products and waste, includ-
ing: the Regulation on Batteries and Batteries waste 
[26], the Directive on Restriction of Hazardous Sub-
stances in Electrical and Electronic Equipment (ROHS) 
[27] or the Directive on End-of-Life-Vehicles (ELV) [28] 
which is currently under revision [29]. Other legislative 
frameworks generally prohibit or regulate substances 
and mixtures in products or waste, particularly those 
classified according to CLP as: (i) carcinogenic, muta-
genic, or reprotoxic (CMR), (ii) endocrine disruptors 
(ED), (iii) persistent, bioaccumulative and toxic (PBT), 
(iv) very persistent and very bioaccumulative (vPvB), or 
substances identified as POP. Examples include: the Toy 
Safety Directive [30] (currently under revision [31]), the 
Cosmetic Product Regulation [32] (currently under eval-
uation [33]), the Plant Protection Product Regulation 
(PPPR) [34], the Biocidal Product Regulation (BPR) [35] 
(currently under evaluation [36]), the Regulation on EU 
Ecolabel [37], or the Waste Framework Directive (WFD; 
currently under revision) [38] [39]. Also, REACH regu-
lates the uses of certain substances via the restriction and 
authorisation of so-called Substances of Very High Con-
cern (SVHC; criteria for SVHC see Table  1). Intercon-
nection can also be found in legislation to other life cycle 
stages of a substance. Several worker safety directives 

Table 1  Substance Groups of the EC SSbD Framework step 1 and their counterparts in chemicals legislation (adopted from Table 2 
of [18])

* The criteria endocrine disruptor (ED), persistent, mobile and toxic (PMT), and very persistent and very mobile (vPvM) are stated in the CSS to be taken up by REACH 
Art. 57 as additional criteria during the upcoming targeted REACH revision [24]

EC SSbD Framework Step 1 substance 
Groups (detailed hazard categories can be 
found in Table 2 of [18])

Corresponding substance groups in specific 
legislation

Remark

Group A—“most harmful substances” Substances that meet the criteria according 
to REACH Art. 57 (so- called “Substances of very 
high concern”—SVHC) as well as ED, PMT, 
or vPvM criteria*and substances causing respira-
tory sensitisation Cat. 1, or specific target organ 
toxicity at repeated exposure (STOT-RE) Cat. 1, 
including immunotoxicity and neurotoxicity

Legal consequences under the REACH are 
only linked to SVHC in case they have been identi-
fied in accordance with the procedure under Art. 
59 REACH

Group B Substances that meet the criteria according 
to ESPR Article 2, 27(b)—named as “Substances 
of concern”

Substance of concern according to ESPR Article 2 
also includes substances that 27(a) are identified 
as SVHC according to the procedure under Art. 
59 of REACH, 27(c) are regulated under the POP 
Regulation, or 27(d) negatively affects the reuse 
and recycling of materials in the product in which 
it is present

Group C Substances that meet the criteria according 
to CLP Regulation Annex I part 2–5 (named 
as “Harmful substances”) not already covered 
above
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regulate the handling of hazardous substances at the 
workplace, including: the Directive on the protection of 
the health and safety of workers from the risks related to 
chemical agents at work (Chemicals Agents Directive, 
CAD) [40] or the Directive on the protection of workers 
from the risks related to exposure to Carcinogens, Muta-
gens, and Reprotoxic substances at work (CMRD) [41]. 
The recently revised Directive on Industrial Emissions 
(IED) [42] establishes rules to prevent and reduce the 
use and emissions of hazardous substances. It mandates 
an environmental management system with an inventory 
of hazardous substances, and an analysis of the possibili-
ties for substituting them by safer alternatives or reduc-
ing their use or emissions. In particular, this relates to 
substances that fulfil the criteria of Article 57 of REACH 
(i.e. so-called SVHC) or that are listed as restricted sub-
stances according to REACH Annex XVII. The new ESPR 
requires the improvement of products in relation to vari-
ous aspects including transparency about the presence of 
substances of concern (criteria for substances of concern 
see Table 1). The regulation enables the EC to set infor-
mation requirements e.g. to realise the tracking of the 
substances of concern throughout the life cycle for spe-
cific products via delegates acts.

Conversely, many of these pieces of legislation can be 
used in the context of the EC SSbD Framework as infor-
mation sources to retrieve data on marketed substances 
for the purpose of e.g. a general analysis of a substance’s 
life cycle, re-design of products or for comparison and 
benchmarking with new chemicals and materials. Infor-
mation on hazard classification of substances on the 
market can be found in the C&L Inventory [43]. How-
ever, missing entries or classifications do not necessarily 
indicate an absence of hazard as this may result from a 
lack of available data. Even for classified substances, cer-
tain endpoints can be unaddressed if related information 
is not available. The REACH database [44] provides ton-
nage dependent hazard information for registered sub-
stances placed on the EU market above one ton per year, 
and risk information for registered substances placed 
on the EU market above ten tons per year. Furthermore, 
REACH Annex XIV and Annex XVII list substances that 
require authorisation and substances that are restricted, 
respectively. Additionally, other legislation provides lists 
of prohibited or restricted substances, such as Annexes 
I–IV of the POP Regulation or the Annex II of the RoHS 
Directive. Annex II of the Cosmetic Product Regulation 
provides a list of prohibited substances while Annex IV–
VI lists allowed colorants, preservatives, and UV filters in 
cosmetic products. Legislation also lists active substances 
approved for plant protection products [45]. Further-
more, the upcoming regulation to establish a common 
data platform on chemicals [46] will bring together 

substance specific information from different legal 
sources in an easily findable, accessible, interoperable, 
and re-usable (FAIR) way. Information in this platform 
may not only support step 1. Since it will bring together 
also exposure relevant data (including information from 
human biomonitoring) and data relevant for the assess-
ment of environmental impacts of a chemical throughout 
its whole life cycle, it can also support the assessment of 
other steps of the EC SSbD Framework. Table 2 provides 
an overview on provisions in EU legislation mentioned in 
this paper that have links to criteria, indicators, and ele-
ments of SSbD assessment as well as on information and 
methodologies coming from EU legislation that can assist 
SSbD assessment. For detailed information on a specific 
chemical or material—including applicable legislation 
and compliance obligations—the EU Chemical Legisla-
tion Finder (EUCLEF) [47], provided by the European 
Chemicals Agency (ECHA), can be used as a comprehen-
sive resource.

In summary, pro-active assessment of hazardous prop-
erties during Step 1 is key to anticipate potential issues, 
and to avoid challenges for legal compliance related to the 
life cycle of a chemical, material, and product. Therefore, 
from the safety perspective, information on hazardous 
properties early on is essential to optimise the substance’s 
life cycle, and to reduce market entry barriers. Vice versa, 
the wealth of information on substances on the market 
can be used in various ways to inform the assessment of 
new chemicals, materials, and products.

Human health and safety aspects in the chemical/material 
production and processing phase (Step2) and in the final 
application phase (Step 3)
Steps 2 and 3 of the EC SSbD Framework comprise the 
assessment of risk of chemical or material at workplace 
in any occupational setting, throughout the entire life 
cycle of the chemical or material, and the risk to con-
sumer and the environment during the final application, 
respectively. These steps require combination of hazard 
results with exposure information about the involved life 
cycle steps. While hazard information was gathered in 
step 1, in step 2 and 3 exposure information is added to 
ultimately assess potential risks. The exposure potential 
will depend on many factors including the production 
processes, foreseen uses, and end of life processes.

Steps 2 and 3 aim to identify, quantify, and qualify 
the risk posed by the chemical/material under consid-
eration throughout its entire life cycle (including end-of-
life). Thus, both steps enable stakeholders to implement 
measures to mitigate risks, and ensure the safe use and 
handling of the material or chemical. Moreover, the 
information gathered and generated during these steps 
may (again, as described for Step 1) guide and support 
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later compliance with both process and product  related 
legal requirements. In the following some examples are 
given. Information generated to address these steps can 
contribute to chemical risk assessments required under 
REACH, including the definition of exposure scenarios. 
As mentioned above, the revised IED includes obliga-
tions to assess risks, reduce emission, and apply preven-
tion measures for hazardous substances when used in 
production processes. The CAD obliges the employer 
to perform a risk assessment for the hazardous chemi-
cal agent at the workplace, including  considerations  on 
the type and duration of exposure, work conditions, and 
the effectiveness of prevention measures. Additionally, 
the CMRD obliges the employer to assess and manage 
the risks associated with CMRD substances. It stipulates 
prevention and protection measures as well as exposure 
limits. Results of steps 2 and 3 can provide relevant infor-
mation and indications for potential obstacles for compli-
ance upon use. The General Product Safety Regulation 
[48] lays down that only safe products shall be marketed 
in the EU, and therefore, sets out general safety require-
ments for non-food consumer products while comple-
menting sector-specific legislation. Specific obligations 
for assessing the risk of a product are defined in e.g. the 
PPPR, BPR or the Cosmetic Products Regulation. Infor-
mation collected and generated during steps 2 and 3 
holds significant value for regulatory purposes.

A variety of guidance documents and predictive tools, 
developed to support the above-mentioned legislation, 
may also be deployed to inform on exposure in SSbD 
evaluation at early stages of innovation and develop-
ment. These include the identification of use cases as 
well as the derivation of exposure scenarios employing 
methods such as use descriptors that were developed in 
the context of REACH. Guidance for exposure and risk 
assessment is provided by ECHA, and by other European 
Agencies (e.g. European Food Safety Authority (EFSA), 
European Medicines Agency (EMA), and by Expert 
Groups that assess risks of specific products [49–52]. The 
Extended Safety Data Sheet, which includes Exposure 
Scenarios, provides information for substance’s safe use 
along the life cycle [53]. Assessment reports of approved 
active substances or chemical safety assessment reports 
of registered substances in REACH provide safety infor-
mation, and can be found e.g. at the REACH database 
[44] or the database for approved biocidal active sub-
stances [54]. Furthermore, in view of workplace safety, 
CAD provides general principles for management of risks 
and specific protection and prevention measures. The 
European Directive 2000/39/EC [55] and its amendments 
provide indicative occupational exposure limits. Exist-
ing legal guidance, tools, and information can give indi-
cations within SSbD assessment on the type of exposure 

to be expected from a new substance, and thus points to 
potential risk reduction measures or even indicate limits 
of a chemical and material in processes and application.

Therefore, evaluation of risk during occupational set-
tings, along with assessments of risks to consumers and 
the environment during use, as outlined in steps 2 and 
3 of the EC SSbD Framework, enable the identification 
and analysis of potential risks of a chemical/material at 
different life cycle stages. It supports the identification 
of hotspots requiring improvement and risk mitigation 
measures. Additionally, these approaches promote safer 
design practices while facilitating compliance with legis-
lation that involve risk assessments of chemicals, materi-
als, processes, and products.

Environmental sustainability assessment (step 4)
Step 4 of the EC SSbD Framework addresses the envi-
ronmental sustainability impacts of a chemical or mate-
rial along their entire life cycle. This is achieved through 
a Life Cycle Assessment (LCA). The approach recom-
mended by the JRC is the product environmental foot-
print method (PEF [56]), which consists of 16 impact 
categories that in the EC SSbD Framework are gathered 
into the four aspects mentioned by the CSS: toxicity, cli-
mate change, pollution, and resources use. The UNEP/
SETAC (United Nations Environmental Programme / 
Society of Environmental Toxicology and Chemistry) ref-
erence model USEtox [57–59], recommended by PEF for 
human toxicity and ecotoxicity impacts, is well-aligned 
with methods also adopted in EU chemicals legislation. 
For example, it recommends using species sensitivity 
distributions derived from chronic effect test data [60] 
reported under, for example, REACH [61, 62].

Assessing impacts of chemicals, materials, products, 
and processes on environmental sustainability is not 
a blank sheet in European legislation, and it has been 
become more prominent recently. Step 4 of the EC SSbD 
Framework can support preparedness for related obli-
gations. The ESPR sets ambitious ecodesign require-
ments for specific product groups, aiming to significantly 
improve their circularity, energy efficiency, and other 
environmental sustainability aspects. Ecodesign require-
ments relate to product durability, reusability, upgrada-
bility and reparability, presence of substances of concern 
(see Table  1), energy and resource efficiency, recycled 
content in a product, remanufacturing and recycling, car-
bon and environmental footprints, and expected waste 
generation. Step 4 of the EC SSbD Framework might 
also provide information that can be utilised to address 
reporting requirements of the Regulation concerning 
batteries and waste batteries [26], the EU Corporate Sus-
tainability Reporting Directive (CSRD) [63], and Corpo-
rate Sustainability Due Diligence Directive (CSDD) [64] 
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(both  directives are under revision [65]). In order to be 
able to advertise sustainable financing, companies have 
to report according to the EU Taxonomy Regulation [66] 
whose criteria and objectives correspond to those of the 
EC SSbD Framework. The Regulation concerning batter-
ies and waste batteries prescribes performance and dura-
bility requirements, carbon footprint declaration, and 
recycling content depending on the battery type. Further-
more, postponed to late summer 2027, economic opera-
tors have to identify, assess, and manage environmental 
risk categories along the supply chain [67]. The CSDD 
and CSRD are meant to be applied in tandem by corpo-
rate entities. While the CSDD outlines the mandatory 
due diligence that companies must implement regard-
ing human rights and environmental impacts along their 
supply chains, the CSRD serves as the major reporting 
mechanism by which companies will report their rel-
evant sustainability activities. CSRD requires large com-
panies and listed small- and medium-sized companies, 
as well as parent companies of large groups, to include 
in a dedicated section of their management report the 
information necessary to understand (i) the company’s 
performance on sustainability matters, and (ii) how sus-
tainability matters affect the company’s development and 
positioning. This information should provide financial 
market players with the necessary basis for measuring the 
sustainability performance of their portfolios and making 
sustainability-driven investment decisions. Environmen-
tal sustainability reporting obligations include aspects 
such information on climate protection and adaptation, 
water and marine resources consumption, resource pro-
tection and circular economy, environmental pollution, 
biodiversity and ecosystems protection. In this context, 
LCA provides an opportunity to identify hotspots, track 
impacts, and manage data in a harmonised way for audit-
ing. Specific reporting requirements are defined in the 
Delegated Regulation on Sustainable Reporting Stand-
ards [68]. There is a substantial overlap of the obligations 
under CSRD, CSDD and the LCA-based environmental 
footprint impact categories recommended to consider as 
relevant indicators in the EC SSbD Framework at Step 4.

It is conceivable that LCA may also help to improve 
the environmental sustainability performance along the 
life cycle of chemicals, materials, and products in view of 
the legislation addressing circular economy and improve-
ment of energy and resource demand. Examples of such 
legislation are the Directive on Waste from Electrical and 
Electronic Equipment (WEEE) [69], the new Construc-
tion Product Regulation (CPR) [70], the ELV Directive, 
the WFD, and the IED. The WEEE Directive lays down 
measures to protect the environment and human health 
by preventing or reducing the adverse impacts that is 
caused by WEEE, ensuring good management practices, 

reducing overall impacts of resource use, and improv-
ing the efficiency of such use. The new CPR defines har-
monised rules on how to express environmental and 
safety performance of construction products as well as 
environmental, functionality, and safety performance 
requirements for these products. In doing so, it also lists 
predetermined environmental essential characteristics in 
its Annex II. The proposed draft regulation to replace the 
ELV Directive aims for long-term energy savings at the 
manufacturing stage, reduced dependency on imported 
raw materials, and the promotion of sustainable and cir-
cular business models. In 2023, the Commission made 
a proposal for a targeted revision of the WFD which 
focuses on two resource-intensive sectors: textiles and 
food. Its objectives are to reduce environmental and cli-
mate impacts, increase environment quality, and improve 
public health associated with textile waste management. 
For the food sector, the aim is to reduce the environ-
mental and climate impacts of food waste generation. 
The revised IED includes new obligations for operators 
to improve energy and resource efficiency, apply circular 
economy practices, use safer chemicals, and to establish 
an environmental management system that fulfils given 
minimum requirements. Beside measures on safety, the 
revised IED requires continuous improvement of the 
environmental performance of the installation, indicative 
ranges of environmental performance indicators (“bench-
marks”), inclusion of an energy audit or implementation 
of an energy management system. It also obliges estab-
lishing a plan for the transformation of an installation 
during the 2030–2050 period to contribute to the emer-
gence of a sustainable, clean, circular, and climate-neutral 
economy by 2050 [71].

Despite the growing number of sustainability-related 
legislations, no official regulatory guidance currently 
exists on how to conduct LCA to meet new compliance 
reporting requirements. Guidance for battery due dili-
gence is expected for summer 2026. Nevertheless, the 
International Reference Life Cycle Data System (ILCD) 
Handbook by JRC [72] provides a common basis for con-
sistent, robust, and quality-assured life cycle data and 
studies, complementing the ISO-standardised method-
ology requirements to execute an LCA and its different 
assessment phases (ISO 14040, ISO 14044) [73, 74]. In 
connection with the Directive on Sustainable Use of Pes-
ticides [75], a web portal [76] provides key information 
on the sustainable use of pesticides and links to related 
Member States websites. Furthermore, existing sub-
stance-related lists may provide additional links to meth-
odologies describing environmental impact benchmarks 
or performance assessment requirements, and that may 
provide valuable information for (re)design considera-
tions beyond chemical hazard and risk information. This 
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includes the list of substances of the EU Regulation on 
substances that deplete the ozone layer [77], list of sub-
stances of the EU Regulation on fluorinated greenhouse 
gases [78], and the list of critical raw materials in the 
EU [79]. To improve the life cycle of chemicals, materi-
als, and products, experiences can be consulted that 
manifested in Best Available Techniques (BAT) [80], 
in information that will have to be published related to 
environmental management based on IED obligations, in 
documentation from plant permits, and in the upcoming 
EC’s web portal for data in the digital product passport.

To prepare for (future) provisions on assessing and 
reporting environmental sustainability impacts, Step 4 of 
the SSbD framework may serve as a helpful tool. It will 
allow the assessment of life cycle impacts regarding the 
relevant categories and consequently enables the iden-
tification of hot spots and informed company decisions 
on sustainability performance improvements. However, 
greater certainty about the specific (reporting) require-
ments on environmental sustainability impacts will be 
needed to understand these potential benefits of applying 
the EC SSbD Framework throughout the innovation. A 
stronger alignment of Step 4 of the EC SSbD Framework 
with existing and future legal provisions would ensure 
coherence for environmental sustainability performance.

Socio‑economic sustainability assessment (step 5)
Assessment according to step 5 of the EC SSbD Frame-
work, although not described in detail, also has synergies 
again with obligations of the Regulation concerning bat-
teries and waste batteries, and reporting requirements of 
CSRD and CSDD. As mentioned above, topics that are 
covered by the reporting obligations of the CSRD include 
social affairs and human rights as well as governance. 
This includes the factors i) equality and equal opportu-
nities, ii) working conditions, and iii) respecting human 
rights for social affairs, for business ethics, for business 
culture, iv) lobbying and v) fair business relations for the 
area of governance.

According to the Regulation concerning batteries and 
waste batteries, economic operators have to include 
considerations on critical raw materials use and social 
risk categories along the supply chain into their cooper-
ate strategy, starting from late summer 2027. The CSDD 
aims to foster sustainable and responsible corporate 
behaviour across global value chains. Large companies 
(> 1000 employees and > EUR 450 million turnover (net) 
worldwide) will be required to identify and, where nec-
essary, prevent, end or mitigate adverse impacts of their 
activities on human rights (e.g. child labour, and exploita-
tion of workers). To comply with the corporate risk-based 
due diligence duty, these companies need to integrate 
due diligence into their policies. They are obliged to take 

appropriate measures to identify, prevent, and mitigate 
potential adverse impacts while identified actual adverse 
impacts have to be eliminated, minimised or remediated. 
Additionally, they have to establish and maintain a notifi-
cation mechanism and a complaints procedure, monitor 
the effectiveness of the due diligence policy and meas-
ures, and publicly communicate on their due diligence 
efforts.

The socio-economic analysis (SEA) under REACH is 
a further link of SSbD assessment to legislation, and it 
is especially relevant to substances. The SEA serves as 
an information source and decision-support tool in the 
restriction and authorisation processes for SVHCs under 
REACH. In principle, there is no obligation to prepare 
a SEA in a specific form neither under REACH nor for 
socio-economic sustainability assessment. However, a 
typical socio-economic analysis according to REACH 
Annex XVI includes key elements such as the economic 
consequences of a restriction or authorisation for indus-
try, impacts on consumers, benefits for human health 
and the environment, social implications, effects on 
trade, competition, and economic development, as well 
as information on the availability, technical feasibility, 
and economic reliability of alternative substances and 
techniques. ECHA provides guidance and further infor-
mation on SEA within the authorisation process [81]. 
Step 5 of the EC SSbD Framework can contribute to 
socio-economic analysis by furthering a systematic col-
lection of socio-economic implications of a substance, 
considering also possibilities for re-design, substitution 
or other alternative approaches. Guidance on restriction 
and authorisation is provided by ECHA [82, 83]. Further 
legislation relevant to the assessment of environmental, 
social, and economic sustainability of Step 4 and 5 of the 
EC SSbD Framework can be found in the overview of leg-
islation in the context of the EU Green Deal provided by 
the Dutch network CircuLaw [84].

Thus, social and economic sustainability assess-
ments conducted in Step 5 of the EC SSbD Framework 
can provide valuable information for implementing and 
reporting on due diligence measures. Additionally, these 
assessments can support the socio-economic analysis 
needed to decide on essential uses and viable alternatives.

In summary, the EC SSbD supports safe and sustaina-
bility innovation in two senses. First, in a proactive sense, 
applying the EC SSbD Framework prepares for legal 
safety and sustainability provisions along the life cycle of 
a chemical, material, and product once it comes to the 
market entry stage (Fig.  1). Second, and vice versa, in 
the efficacy-optimising sense, available information and 
methodologies used in the various legal frameworks can 
assist in assessing a (new) chemical, material, and prod-
uct by the EC SSbD Framework.
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Discussion
The main objective of this paper is to show that apply-
ing the EC SSbD Framework in the innovation of chemi-
cals, materials, and products also add value by providing 
information to support compliance with meeting legal 
obligations related to safety and sustainability. Generally, 
the EC SSbD Framework and legal safety and sustain-
ability provisions share the common overall objective 
of minimising adverse impacts of chemicals, materials, 
processes and products on human health and the envi-
ronment across their entire life cycle. For one thing, in 
innovating companies or institutions, the voluntary EC 
SSbD Framework can facilitate priority setting, decision 
making, and management largely independently of legal 
obligations during the innovation process. Then again, 
the innovation process can be pro-actively optimised, as 
each step of the EC SSbD Framework can be associated 
with a number of general (Fig. 2) and specific questions 
that concern legal obligations on safety and sustainability 
issues that will become relevant, at the latest, for market 
entry stage. Recognising the clear links between SSbD 

aspects and current or emerging legal obligations will 
facilitate companies to be prepared for marketing. This, 
in turn, will enhance their competitiveness by building-in 
regulatory acceptance and avoiding investments in inno-
vations that carry unacceptable risks or be unsustainable. 
However, it must be noted that individual pieces of legis-
lation may have obligations that go beyond the safety and 
sustainability criteria covered by SSbD.

In particular, in the early innovation stages, stake-
holders (still) unfamiliar with relevant legal obligations 
on safety and sustainability can familiarise themselves 
with legal criteria, assessment strategies, and reporting 
requirements via the EC SSbD Framework. At later inno-
vation stages, the legal obligations for safety and sustain-
ability will increasingly be apparent, and become binding 
when the chemical, material, and product is to be put on 
the market. Nevertheless, especially with regard to new 
and upcoming legislation, such as CSRD and CSDD, as 
well as newly introduced provisions on environmen-
tal and societal sustainability into existing legislation, 
further alignment of aspects and indicators within Step 

Fig. 1  Opportunities for mutual support and benefit of the EC SSbD Framework and tools of legislation. Applying the EC SSbD Framework 
during innovation assists the applicant to prepare for requirements of different pieces of legislation while at the same time available information 
and methodologies used in the legislation can provide information and strategies for assessing SSbD for a chemical or material over its entire life 
cycle
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4 and 5 of the EC SSbD Framework would improve its 
utilisation. This improvement will contribute to a better 
informed and more consistent decisions, and optimises 
compliance with (upcoming) legal obligations, while 
adhering to the boundary conditions of an SSbD assess-
ment at operational, early innovation stage level (e.g. data 
availability constraints, broad screening of chemicals and 
materials).

The EC SSbD Framework is considered to be a pro-
active, holistic approach (i.e. considering safety and sus-
tainability aspects together, and for the whole life cycle of 
a chemical or material) that requires close collaboration 
among value chain actors in order to perform a meaning-
ful assessment that go beyond the collaboration currently 
practiced to meet legal requirements. Current practices 
may differ from such collaboration, as many pieces of 
current legislation target specific sectors or applications. 
As a result, value chain actors often operate in silos, 
leading to a lack of integration across these assessment 
dimensions. However, the engagement with the different 
value chain actors is crucial for performing an assess-
ment according to the EC SSbD Framework, already 
starting with the scoping analysis. Such integration and 
exchange across value chain actors is, however, like-
wise important for fulfilling legal requirements (e.g. risk 
assessment under REACH). It has become increasingly 

important in the light of legislation to improve sustain-
ability, and circular economy aspects (e.g. by the digital 
product passport), and when calling for simplification 
and further alignment of assessment requirements across 
legislative silos [85]. In its early stages, this collaboration 
for an SSbD assessment necessitates creating a trusted 
environment [86] for sharing information and commu-
nicating transparently about innovation objectives, the 
principles, and decision making-processes. While this 
initial effort may require investment, it yields significant 
benefits for both SSbD assessment and legal compliance. 
On the one hand this will provide a broader perspective 
on the legislative landscape that is potentially relevant for 
the different actors in the life cycle, improving coherence, 
and avoiding unnecessary duplication of information and 
data. On the other hand, the established infrastructure 
will facilitate possible future improvement needs in the 
context of life cycle considerations of the chemical/mate-
rial with significantly less effort.

An important difference between legal frameworks and 
EC SSbD Framework is that legislation predominantly 
addresses substances and products on the market and 
established processes. In contrast, the EC SSbD Frame-
work is a pre-market approach guiding the development 
of new chemicals, materials, processes, and products, 
and the re-design of existing ones. Assessing safety and 

Fig. 2  Steps of the EC SSbD Framework prepare for regulatory relevant questions. Each step of the EC SSbD Framework can be associated 
with a number of general questions that concern to legal obligations on safety and sustainability issues. Recognising the links between SSbD 
aspects and current or emerging legal obligations will facilitate companies to prepare for requirements and reporting duties in the legislative 
landscape
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sustainability at early stages of innovation inherently 
involves a high degree of uncertainty. The difference in 
certainty in the EC SSbD Framework compared to leg-
islation also stems from the (un)availability of data and 
methods to generate the data. Legislation ensures the 
relevance and quality of data through standardised and 
harmonised test methods, along with extensive monitor-
ing. However, these approaches are time- and resource-
intensive. In contrast, the EC SSbD Framework supports 
and promotes, especially at the early stages of innova-
tion, the use of new scientific and technological develop-
ments for testing and assessing chemicals and materials, 
including predictive tools, which sometimes come with a 
higher degree of uncertainty [87, 88]. As a result, infor-
mation at the early stages of innovation SSbD relies to a 
large extent on data originating from alternative and new 
approaches (e.g. New Approach Methodologies (NAMs) 
for e.g. Step 1, and consensus approaches when different 
data or prediction models are available to enable high-
throughput screening for potential adverse effects of sub-
stances. With possible exemptions, such data generated 
for SSbD assessments may not be directly used to comply 
with legal information and assessment requirements. In 
addition, the various pieces of legislation focus on differ-
ent subjects and scopes. This situation leads, for example, 
to differences in characteristics and extent of information 
that can be  used for an SSbD assessment. Thus, com-
monalities and synergies to the EC SSbD Framework 
vary. However, while one could argue about the quality 
and uncertainty of new scientific knowledge, it undeni-
ably offers the opportunity to gain first indications of red 
flags and hotspots in a faster and less resource demand-
ing manner to support priority setting and informed 
decision-making, as initial case studies have shown [89]. 
In that way, the EC SSbD Framework serves as a plat-
form for developing scientific knowledge on new chemi-
cals, materials, processes, and products without the 
constraints of legal perspectives. Significance and qual-
ity of data should be increased in an iterative way when 
knowledge increases during the innovation process. 
Furthermore, as the SSbD assessment calls for a multi-
disciplinary deployment of diverse methodologies, trans-
parency, and accessibility of information is of significant 
importance. FAIR methodologies[90] but also principles 
that demonstrate trustworthiness of digital repositories 
[91] can substantially contribute to these needs but pos-
sibly also advanced technologies like explainable artificial 
intelligence might provide applicants with e.g. insights 
into how conclusions from in silico methods (e.g., QSAR 
data) are derived. It is also conceivable that tools which 
are able to transfer and translate existing and publicly 
available regulatory data can be utilised within SSbD 
tools to promote the implementation of the EC SSbD 

Framework, especially for stakeholders that are unfamil-
iar with the legislative landscape. For the acceptance to 
perform SSbD assessment, it would be beneficial if the 
future common data platform on chemicals considers the 
demands of the EC SSbD Framework.

The development and use of innovative methods and 
approaches enable SSbD to act as a testing ground to 
test, and assess chemicals, materials, and products in a 
predictive manner, which in turn helps to enhance the 
maturity and promote the regulatory acceptance of these 
methods. Subsequently, testing innovative methods and 
approaches within SSbD assessments will increase their 
maturity, and improve the data quality which is relevant 
for their potential later use in addressing legal obliga-
tions, as for instance by providing basis for the develop-
ment of harmonised OECD (Organisation for Economic 
Co-operation and Development) test methods. The uti-
lisation of sufficiently predictive or, later on, regulatory 
accepted methods in turn will support the acceptance 
and implementation of SSbD by industry. Thus, the EC 
SSbD Framework in its core acts as a crucial tool that 
bridges innovation of chemicals, materials, processes, 
and products with legal obligations related to safety and 
sustainability.

Conclusion
The aim of this study was to highlight the link between 
the EC SSbD Framework and current EU legislation 
frameworks with relation to safety and sustainability. 
The present analysis systematically showcases inter-
links between criteria, indicators, and elements in SSbD 
assessments and provisions laid down in legislation. 
These interlinks presented offer mutual benefits (1) to 
support addressing legal compliance based on early 
anticipation of safety and sustainability issues in inno-
vation, and (2) to ease SSbD assessments by deploying 
information and methodologies originating from legal 
obligations. This analysis can serve as an overview on the 
general and most obvious synergies, and as a basis for 
more in-depth comparisons of synergies, e.g. at the level 
of requirements of individual legislations.

The EC SSbD Framework is a voluntary (pre-market) 
approach to be applied to chemicals, materials, pro-
cesses, and products in innovation activities. It supports 
the identification of red flags and areas for improvement 
related to safety and sustainability as well as the informed 
decision making along the innovation process. In that 
respect, it refers to new chemicals, materials and prod-
ucts but also to evaluation and re-design of the existing 
portfolio. The EC SSbD Framework represents an oppor-
tunity for applicants to future-proof their innovations by 
not only improving product performance but also gain-
ing competitive advantage in a market that increasingly 
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values safer and more sustainable solutions. The appli-
cation of SSbD will support the transition of industries 
manufacturing and using chemicals towards improved 
energy, resource efficiency and safer products in align-
ment with the objectives of the European Green Deal 
on climate neutrality, biodiversity protection, circular 
economy and zero-pollution ambition. On a more fun-
damental note, current European policy initiatives such 
as the Clean Industrial Deal and the upcoming Chemi-
cal Industry package put an additional and stronger focus 
on competitiveness and the innovation power of the EU 
(chemical) industry. This is exactly where the SSbD para-
digm can and should play an important role, as at its core 
SSbD guides and fosters innovation in such a way that it 
supports competitiveness and incorporates fundamental 
and longstanding societal benefits such as safety and sus-
tainability. From this perspective, the EU SSbD Frame-
work clearly fits into the current policy agenda.

As a voluntary approach, industry is invited but not 
obliged to implement the EC SSbD Framework in their 
innovation processes. The SSbD Framework offers clear 
benefits to support the continuous improvement towards 
safer and more sustainable chemicals, materials, and 
product over their life cycles. Importantly, in doing so 
it supports becoming pro-actively prepared for related 
legal obligations. Thus, improving safety and sustainabil-
ity via applying the EC SSbD Framework can facilitate 
regulatory acceptance and market readiness of inno-
vative chemicals, materials, and products, and help to 
avoiding investments in unacceptable risks or unsustain-
able innovation. Furthermore, the EC SSbD Framework 
helps to identify and addresses safety and sustainability 
challenges, such as those related to e.g. workplace safety, 
resource demands, and circularity. In this way, the EC 
SSbD Framework can address barriers to trade, economic 
inefficiencies or aspects of due diligence.

However, data acquisition, and assessments within 
the EC SSbD Framework is complex, time-consuming 
and resource demanding, and faces numerous chal-
lenges [92]. In response to these challenges, the EC is 
currently undertaking guiding and supporting activi-
ties, such as collecting best practices from its applica-
tion, promoting stakeholder exchange [93], and funding 
research and innovation projects related to SSbD and 
to NAMs development, validation, and application [94]. 
The SSbD toolbox developed in the PARC project pro-
vides a structured collection of tools to operationalise 
SSbD. Next to this, an SSbD knowledge sharing por-
tal provides access to information, guidance, and  case 
studies, and which gives access to a user community 
for SSbD within PARCopedia [95]. At the same time, a 
growing research community for SSbD has been estab-
lished in Europe, e.g. [96]. Further development of the 

framework, including clearer guidance, as started in 
2024 with the methodological guidance, more cases 
studies as well as flexible, versatile, and integrated tools 
will boost its ease of use. In the long-term, integrating 
the SSbD thinking into corporate innovation manage-
ment, together with education and training will be key 
to establish the relevant skills and foster an SSbD mind-
set. Consequently, it will facilitate moving toward the 
goals of the European Green Deal, Clean Industry Deal, 
and the United Nations 2030 Agenda.

Disclaimer
The views expressed in this manuscript are those of the 
authors and may not necessarily reflect the official posi-
tion of the European Union, the granting authority (e.g. 
HADEA), or the institutions the authors are affiliated 
with.
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IED	� Industrial emission directive
ILCD	� International life cycle data system
ISO	� International Organization for Standardization
JRC	� Joint Research Centre (of the European Commission)
LCA	� Life cycle assessment
NAM	� New approach methodology
PARC​	� Partnership for the assessment of risks from chemicals
PBT	� Persistent, bioaccumulative, and toxic
PEF	� Product Environmental Footprint
PMT	� Persistent, mobile, and toxic
POP	� Persistent organic pollutants (regulation)
PPPR	� Plant protection product regulation
QSAR	� Quantitative structure–activity relationship
REACH	� Registration, evaluation, authorisation and restriction of chemicals 

(regulation)
ROHS	� Restriction of hazardous substances in electrical and electronic 

equipment (directive)
SCCS	� Scientific committee on consumer safety
SEA	� Socio-economic analysis
SHVC	� Substance of very high concern
SSbD	� Safe and sustainable by design
vPvB	� Very persistent and very bioaccumulative
vPvM	� Very persistent and very mobile
WEEE	� Waste from electrical and electronic equipment (directive)
WFD	� Waste framework directive
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