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A B S T R A C T

Risk governance (RG) of nanomaterials (NMs) has been at the focus of the Horizon 2020 Programme of the 
European Union, through the funding of three research projects (Gov4Nano, NANORIGO, RISKGONE). The 
extensive collaboration of the three projects, in various scientific topics, aimed to enhance RG of NMs and 
provide a solid scientific basis for effective collaboration of the various types of stakeholders involved. In this 
paper the development of a digital Nano Risk Governance Portal (NRGP) and associated information technology 
(IT) infrastructure supporting the risk governance of (engineered) nanomaterials and nano-enabled products, is 
presented, alongside considerations for future work and enhancement within the domain of Advanced Materials 
(AdMa). This paper describes several elements of this digital portal, which serves as a single-entry point for all 
stakeholders in need of, or interested in, nano-risk governance aspects. In its simplest form, the NRGP allows 
users to be efficiently guided towards tailored information about nanomaterials, risk governance concepts, 
guidance documents, harmonized methods for risk assessment, publicly accessible data, information and 
knowledge, as well as a directory of tools, to assess the exposure and hazard of nanomaterials and perform Safe- 
and-Sustainable-by-Design (SSbD) assessment in the context of nano-risk governance. This paper presents the 
technical implementation and the content of the first version of the NRGP alongside the vision for the future and 
further plans for development, implementation, hosting and maintenance of the NRGP aimed at ensuring its 
sustainability. This includes a procedure to link to, or include, currently available and future (nano)material- 
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related (cloud) platforms, decision support systems, tools, guidance, and databases in line with good governance 
objectives.

1. Introduction

Nanotechnology is a key enabling technology (KET) [1] that can 
bring large benefits to society – either by improving the existing func
tionality of currently available materials or adding completely new 
functionality in nano-enabled materials. As part of the Advanced Ma
terials (AdMa) group, they belong to a large category of materials that 
are either being developed or have recently been introduced to the 
market to solve societal challenges [2]. These materials support the 
strategic and scientific vision of the European Commission and the 
Green Deal [2]. However, nanomaterials have also been identified to 
pose potential hazards to human health and the environment, that go 
beyond the hazards commonly associated with chemicals [3], [4], [5]. 
Such negative side effects will need to be minimized and balanced 
against the benefits. In addition to chemical effects, their size and shape 
may allow them to interact with their surroundings in ways requiring 
special attention. Therefore, responsible and sustainable use and 
development of nanomaterials, and nano-enabled products, require a 
balance between benefits and risks that should include a broad societal 
inclusion as well as timely research and standardization to support 
regulation [6], [7], [8], [9].

Recognizing this, a series of research projects, both within and 
outside Europe, have delivered a significant corpus of nano-related 
research in the past two decades, covering elements ranging from 
datasets on physicochemical characterisation, release, exposure, bio
logical responses including biocompatibility, hazard and safety to new 
internationally accepted and validated testing guidelines, and complete 
risk assessment, evaluation, and risk management frameworks. How
ever, scientific progress solely is not enough to address the needs and 
uncertainties of society regarding new technologies. We believe this can 
only be done by establishing a common approach grounded in a risk 
governance framework and bringing together stakeholders representing 
various dimensions in society [10], [11]. A framework [12] for risk 
governance of nanomaterials is considered an essential element that 
serves as a framing concept and an actual set of practice, which brings 
together the totality of actors involved in Risk Governance of nano
materials [10], [13]. Risk governance frameworks for nanomaterials 
have been analysed and reviewed in recent scientific studies with the 
aim to move towards operationalisation and expansion to adjacent 
research topics [8], [11]. An operational, trans-disciplinary Nanotech
nology Risk Governance Framework (NRGF) that integrates exposure, 
hazard and risk assessment tools with those assessing ethical, legal, so
cial, and environmental aspects and, further supports responsible 
research and innovation (RRI), has been elaborated throughout the 
three projects implementation period [14]. A nano-risk governance 
framework (NRGF) is meant to be a basis for risk-related social/
reflective multi-stakeholder discourse [15]. Hence, the NRGF should be 
operationalised to enable discursive engagement between multiple 
stakeholders, including non-scientists and interested members of the 
general public that is based on equal access to nano-risk-related 
resources.

Risk governance seeks to include all actors, rules, conventions, pro
cesses and mechanisms involved in the collection, analysis, communi
cation, and management of, and decisions based on, risk information 
[16], [17], [18]. It involves multiple stakeholders and considers the 
wider legal, political, economic, and social contexts in which risks are 
evaluated and managed. It pertains to the methodologies and processes 
used to formulate and implement risk-related decisions. Decisions 
should be based on a clear understanding of risk and a broad and focused 
interaction between all stakeholders involved, including experts, regu
lators, industries, and civil societies [19]. It is here where risk 

governance comes into play, to deal responsibly with uncertain, com
plex and/or ambiguous risks. However, stakeholders at present have 
difficulty finding their way in the complicated landscape of information 
on risks to human health and the environment associated with nano
materials, and hence would benefit from guidance towards high-quality 
information, methods and tools to meet their needs. Furthermore, the 
challenges faced with risk governance of nanomaterials are considered 
directly relevant for the risk governance of AdMa, which could greatly 
benefit from lessons learned from risk governance of nanotechnology 
[7], [10].

Within the EU H2020 programme, the joint efforts from three pro
jects (Gov4Nano,1 NANORIGO,2 RISKGONE3) aimed to support risk 
governance processes through the development of a Nano Risk Gover
nance Portal (NRGP), allowing users an oversight of available data and 
tools for managing possible risks of nanomaterials. Earlier examples of 
such portals or digital infrastructures were developed in a range of 
previous research projects (see e.g., the web infrastructures developed 
by the EU projects NanoCommons,4 caLIBRAte5 and the catalogue of 
services of the EC4SafeNano Centre [20]), as well as at international 
organisations (see e.g., the nanotechnology knowledge base from the EU 
Observatory for Nanomaterials - EUON6). However, one single digital 
infrastructure web portal, serving as a one-stop-shop with all these el
ements was not available. While the caLIBRAte portal was used as a 
starting point for one of the three projects (i.e., Gov4Nano) to establish a 
platform with a regulatory scope, the nano-risk governance science in
formation is wider and in continuous development across numerous 
organisations and research projects. Better findability and access to the 
comprehensive volume of nano-risk governance information could 
improve the use and implementation of information and (software) 
tools, supporting the implementation of the FAIR principles [21], [22], 
including in research software [23]. The implementation of the NRGP, 
as presented in this article, has the ambition to support stakeholders to 
overcome the aforementioned obstacles by aiding users in finding rele
vant risk governance information for their nanomaterial 
decision-making process, while also establishing a path for the devel
opment of similar solutions for AdMa.

This paper aims to outline the layout of the NRGP as an IT infra
structure informing on and supporting the risk governance of nano
technologies and nano-enabled products, both as a source of information 
and as a gateway to other knowledge resources. This work is the result of 
a dedicated working group consisting of participants of the three Eu
ropean research projects, working towards the development of the 
NRGP. In Section 2, we introduce first the methods of designing the 
NRGP based on a development framework and the exploration of 
various implementation scenarios. In Section 3, we sketch the chosen 
implementation scenario and content of the NRGP, and an overview of 
the current available version of the NRGP. Finally in Section 4 & 5, we 
address the management of the NRGP and its interplay with other ele
ments developed both within and external to the originating research 
projects, while addressing issues such as the update of current content 
and the incorporation of new elements that may become available in the 
future.

1 https://www.gov4nano.eu/
2 https://nanorigo.eu/
3 https://riskgone.eu/
4 https://infrastructure.nanocommons.eu/
5 http://calibrate.risk-technologies.com/Public/index
6 https://euon.echa.europa.eu/nanodata

P. Isigonis et al.                                                                                                                                                                                                                                 Computational and Structural Biotechnology Journal 29 (2025) 177–185 

178 

https://www.gov4nano.eu/
https://nanorigo.eu/
https://riskgone.eu/
https://infrastructure.nanocommons.eu/
http://calibrate.risk-technologies.com/Public/index
https://euon.echa.europa.eu/nanodata


2. Methods

This section presents the process behind the conceptualisation and 
design of the NRGP and digital infrastructure. Starting from a frame
work for the development of a nano-risk governance portal (hereafter 
referred to as the development framework) presented in the Section 2.1, 
we describe the co-creation process in the Section 2.2. Finally, we 
highlight the development of the chosen solutions in the Section 2.3.

2.1. Development framework

The NRGP, as a web portal, is built on the recognition that such an 
infrastructure can facilitate and support the risk governance of nano
technologies and guide its users within the existing landscape of data
sets, models, tools, guidance, frameworks, and platforms. A main 
argument for an IT infrastructure to facilitate and support the risk 
governance of nanomaterials and nano-enabled products is to make the 
available resources transparent and accessible to all actors (stake
holders). Stakeholders are not always aware of available resources for 
their development or governance process, nor the value or validity of 
these resources. For example, regulatory safety assessments use various 
methodologies and tools, some of which are not applicable to nano
materials and may lead to incoherent outcomes [24], while 
state-of-the-art knowledge from academic studies is not sufficiently 
exploited and reused in governance processes or regulatory risk assess
ment [11], [25]. Multiple assessments of stakeholders’ needs and pri
orities through workshops, dedicated meetings and consultations, have 
been undertaken within the duration of the three research projects [26], 
identifying expected primary users of the portal as innovators, E&HS 
(environment & health and safety) personnel and service providers, 
nano-risk governance specialists, authorities and regulators, and in
dustry managers, which would appreciate a one-stop-shop entity to find 
or be directed to relevant nano risk governance content [27]. Examples 
of stakeholders’ needs include but are not limited to accessibility, us
ability, affordability, extended functionality, reliability and efficient 
management of available resources, such as tools, safety data and da
tabases [28]. The results of the assessment have been taken into 
consideration during the development of the NRGP.

The Guiding principles for the development of the functionalities of 
the portal are described below: 

• The portal is a common access point for various user groups and 
provides a one-stop-shop interface for all resources relevant to nano- 
risk governance;

• Data, information, and knowledge are resources for any knowledge- 
based risk governance [29];

• The portal acts as a gateway to specific tools, methods, models, 
guidance and data (i.e., digital infrastructure);

• Tools, methods, guidance and data are published directly on the 
portal and the portal can link to other relevant platforms for nano 
risk governance;

The portal will facilitate access to, dissemination of, and future 
implementation of new information, data, tools, and guidance to sup
port various user groups in risk governance of nanomaterials and nano- 
enabled products. It has an ambition to become the most extensive 
(nano)-material-related repository of resources needed for (nano)ma
terial innovation and application activities.

2.2. Design process

The development framework described above has set the stage for 
the design process of the portal. Starting from the scoping of a small set 
of desired specifications and functionality, the implementing working 
group followed a co-creation process based on a cascade development 
model. This design process is depicted in Fig. 1. A first prototype of the 

NRGP, with limited functionality, was developed and launched in June 
2022. The working group further developed this prototype into a first 
public version, available online (www.nanoriskgov.eu) and launched in 
24–25th January 2023 during the conference titled “NMBP-13 Future- 
proof Approaches for Risk Governance – Lessons Learned from Nano
materials”,7, which was held at the OECD premises in Paris and was 
jointly organised by the three research projects.

The NRGP derives its utility from being a dynamic and easy to update 
product, i.e., it should be further developed and updated in response to 
inputs and needs of the nanosafety and AdMa communities in the future.

2.3. Development scenarios

In this section, we outline in more detail which options were 
considered for the implementation of the NRGP as a web portal. The 
NRGP is intended to be a way of operationalizing the nano risk gover
nance frameworks. Thus, various scenarios were discussed and investi
gated, mainly distinguishable by the ambition level and difficulty of 
technical implementation. One key challenge in the development of the 
portal has been to integrate content from different origins, while at the 
same time catering to different stakeholders, each with its own desired 
requirements for content.

The most ambitious and difficult (technically) scenario considered 
was to implement and offer through the web portal a fully functional 
suite with interactive data, models, tools, and guidance. Main advan
tages of such an approach included the possibility for users to stay 
within an integrated environment for their entire nano governance or 
research and development process, and even opening up for the possi
bility of outcome sharing between different tools included in the portal. 
However, major challenges have been identified in implementing such a 
solution, as content cannot be easily adapted into the portal due to issues 
either with functionality and interoperability (e.g., tools are not avail
able as a web service, are coded in various programming languages) or 
due to the license conditions of preferred material (e.g., commercial 
and/or protected products cannot be incorporated into the portal). In 
addition, experienced personnel would be required to build and 

Fig. 1. Graphical depiction of the implementation process.

7 https://www.gov4nano.eu/event/nmbp-13-future-proof-approaches-for 
-risk-governance/
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maintain such a scenario, which is not realistic within the context of 
research projects with limited duration.

In the current NRGP version, the working group focused on a sce
nario where the portal is mainly an information resource which is able to 
guide various user groups with relevant content and linking to specific 
resources. It is centred around a library of datasets, methods, tools, 
regulations, guidances and other relevant content. We did not facilitate 
entries for specific user-profiles and guidance on tools and data selec
tion, but filters that allow users to identify relevant content.

3. NRGP development

Having decided on the scenario of the NRGP as an information 
resource, the technical development from the perspective of digital ar
chitecture is presented below. Recognising that the IT infrastructure will 
have to satisfy many different, and potentially conflicting, needs, the 
technical development aims to serve these needs with the content of the 
first version of the portal.

3.1. Architecture and content of the nano risk governance portal

We sketch the technical architecture of the NRGP and linked in
struments for nano-risk governance and incorporating the guiding 
principles presented in the development framework. Fig. 2 gives an 
overview of these two elements, in conjunction with other resources that 
are already available or will be available in the future.

Various user groups are envisioned that interact through the portal, 
in the context of the risk governance framework, to access tools, data, 
guidance and methods developed within historical projects. The portal is 
also prepared to include research outputs developed in future (EU-fun
ded) projects about risk governance and SSbD of nanomaterials or 
advanced materials. It is focused on providing information, guidance, 
and a directory with links to relevant tools and datasets for imple
mentation of nano risk governance and SSbD, following different 
systems.

Within the context of the portal design, we describe the structure for 
its content in Fig. 2, which indicates the common landing page for 
different types of users, and subpages on various aspects. At a second 
level, users access a variety of resources (i.e., platforms, tools, data, 
guidances, etc.). In addition to these main components, other services 
and external resources are highlighted. User guidance is provided in the 
portal to avoid confusion about the content of the various structural 
levels and to guide the users effectively to the type of resource most 
adequate to their needs.

The library of resources acts as a catalogue of available databases 
and data repositories, guidance documents and methods, tools and 
models, information on relevant regulations and various platforms from 
different projects, all provided with links to the relevant domains. All the 
sections (e.g., Library of tools - Fig. 3, and Data – Fig. 4) contain curated 
information that have been made available in close collaboration among 
teams and working groups of the three research projects responsible for 
the development of the NRGP, or collected and analysed within each of 
them. The content of the portal is curated to be relevant to one or more 
of the stakeholder groups, allowing the easy identification of tailored 
information. The nano risk governance portal, through its libraries, links 
to relevant risk governance frameworks and risk governance platforms 
in a two-fold aim: to provide direct connection to the theoretical back
ground for the interested users, and enable the use of external platforms 
that provide enhanced functionalities, such as integrated models, data
bases and tools. In addition, the system is designed to be able to 
accommodate other historic frameworks, as well as potential future 
frameworks, platforms, tools and data.

3.2. Examples of the use of the NRGP

The portal contains a large amount of information within its inter- 

related categories. Illustrative examples of use are provided in this 
section to showcase the functionalities of the portal and how it can be 
useful for different needs the users may have, while additional detailed 
information is available at relevant project reports [30]. 

Example 1. - Aquatic ecotoxicity tests for nanomaterials

A researcher aims to assess the potential environmental impact of a 
new nanomaterial by evaluating its toxicity in aquatic ecosystems, as 
part of a new project. Access to the NRGP enables multiple options for 
the user. Initially, a search of relevant regulation from the dedicated 
portal page8 enables the user to screen related information in a fast and 
effective way, as a preparatory step, and identify legislation that might 
be applicable for the study. As the activity involves laboratory testing, 
the user is aiming to use testing methods aligned with recognised 
standards, to enhance the reliability and comparability of the study. To 
facilitate the work and its planning, a visit to the ‘Guidance’ page9 al
lows the user to identify, easily and in very short time, standards 
applicable and be redirected to the OECD Guidance Document 317 titled 
«OECD Series on Testing and Assessment No. 317: Guidance Document 
on Aquatic and Sediment Toxicological Testing of Nanomaterials» . 
Following a thorough review of the testing procedures, the user may 
conduct the experiment, ensuring compliance with best practices and 
regulatory standards. To complement further the study, the user may 
consult the Data page10 to consult databases with existing experimental 
data or to identify sources to store the new experimental data, ensuring 
adherence to the FAIR principles. The analysis and interpretation of the 
test outcomes can be supported with the comparison of findings with 
existing data. To further assess the risks, a visit to the Library of tools11

enables the user to screen through the filters the available tools that can 
support environmental risk assessment, such as SimpleBox4Nano and 
the n-SSWD model, and receive a quick overview of description, func
tionalities, application domains, link to the tools and more. 

Example 2. – Navigating the risk governance landscape as a SME

The analysis of stakeholders’ needs showed that SMEs face signifi
cant challenges, as they usually lack dedicated resources and in-house 
expertise for risk assessment and management, while struggling to 
keep up with rapidly evolving policy and regulation. The portal greatly 
facilitates the navigation of the risk governance landscape for SMEs by 
making knowledge, tools, and guidance accessible to organisations of all 
sizes, in a fast, efficient and cost-effective way. The content is curated 
and targeted for the various types of users. Navigation is customised and 
filtering/search options enable the users to assess quickly topics of in
terest, such as safe handling and use of nanomaterials, regulatory re
quirements, risk assessment basics, tools availability and more.

A SME representative is interested to evaluate the occupational 
exposure risks associated with the handling of a nanopowder in its 
manufacturing process. Similarly to example #1 above, the consultation 
of regulation, risk governance frameworks, guidance and other sections 
that might contain relevant information is straightforward. For the 
specific needs of assessing occupational exposure and risks, accessing 
the Data10 page, provides an overview of databases and repositories of 
occupational exposure scenarios and tools, such as NECID, the IOM 
exposure scenario library and the ECETOC Human Exposure Assessment 
Tools Database, which the SME representative may consult for further 
information. Furthermore, the use of the ‘applicable population’ filter of 
the Library of tools page11, provides an overview of tools available for 
assessing occupational exposure, from which the user may select suit
able ones, based on the characteristics of the scenario. For example, 
NanoSafer and SUNDS may be used for performing an evaluation of 

8 http://nanoriskgov.eu/regulation.html
9 http://nanoriskgov.eu/guidance.html

10 http://nanoriskgov.eu/data.html
11 http://nanoriskgov.eu/library.html
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exposure and risk assessment of nanomaterials, by defining material 
data (e.g., technical and safety information), processes information (e. 
g., workplace conditions, protective measures), exposure and hazard 
data (e.g., measured or modelled) and identify risk control measures.

4. Implementation of the NRGP

In the previous sections we have presented the development frame
work for the NRGP and digital infrastructure, sketched out the technical 
development and briefly discussed the content of the portal. In the 
following paragraphs, we address the implementation of the NRGP. 
Firstly, we discuss the hosting, maintenance and management of the 

portal considering its intended existence after the end of the originating 
research projects. Secondly, we discuss the NRGP in relation to, and in 
interaction with other current, new, and emerging e-infrastructures. 
Finally, we reflect on the future sustainability of the nano risk gover
nance portal.

4.1. Managing the Nano Risk Governance Portal

One challenge with a research-project based effort, such as the 
NRGP, is that the formal project structures and collaboration between 
developing partners cease to exist once the projects reach the end of 
their duration. To resolve this, an agreement has been reached, between 

Fig. 2. Sitemap sketching the content of the nano risk governance portal.

Fig. 3. Content impression of the library of tools and the filtering system of the nano risk governance portal, available at: https://www.nanoriskgov.eu.
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the co-authors of the present scientific article, to ensure the continuation 
of development, allowing for updates of the current content of the 
portal, and having a mechanism in place to receive new content from the 
wider stakeholder community.

The portal is currently managed by an international steering com
mittee composed of representatives from the organisations that devel
oped the NRGP and contributed to the collection and curation of all the 
relevant materials. The steering committee oversees the further devel
opment of the portal, through the update of current content, as well as 
acting as gatekeeper for new content. Further goals of the steering 
committee are to contribute to the open sharing of data, tools, guidance, 
and information through the portal, and improve the accessibility to 
user support and training. As a portal intended to serve the nano- 
community, the portal is open to contributions from stakeholders and 
new content may be proposed to the steering committee. Anticipating 
the establishment of a more formal organisation concerned with the 
(risk) governance of nanomaterials or advanced materials, the steering 
committee has the authority to transfer the portal to a legal entity if so 
desired. Links to existing initiatives (e.g., EU-NSC and INISS) are 
currently available through the members of the steering committee, 
while exploration of collaboration with newly established initiatives on 
Adma or other topics (e.g., IRISS, PARC, IM4EU, AMI2030) will be 
scoped and evaluated, as those progress with their implementation 
plans.

The portal developers recognize that the portal is developed by, and 
based on the results of, projects funded through public resources. In line 
with the principles of the European Union’s Open Science policy and 
ambitions [31] and the aim for the portal to be a publicly accessible 
resource to the nano-community, the portal is therefore licensed under 
the creative commons license CC-BY-4.0 international. Through this li
cense, it is ensured that the portal can be further developed and that its 
content may be used widely. Open science aims to ensure the free 
availability and usability of scholar publications, the data that result 
from scholar research and the methodologies, including code or algo
rithms, that were used to generate those data [32].

4.2. Interaction with other e-infrastructures

The three research projects at the basis of the development of the 
NRGP represent 80 organisations, mainly European academic and 
research institutes, SMEs, industrial partners and NGOs, working on 
nano-related topics. Nevertheless, the portal is not the only initiative 
aiming at making information and tools more accessible to the stake
holders of the nano-community, a range of electronic infrastructures is 
in various stages of development and most likely new e-infrastructures 
will arise in the (near) future. Notably, there are specific platforms 
developed within the individual research projects, e.g., the RiskGONE 
cloud platform as well as the NanoRIGO and caLIBRAte-Gov4Nano 
platforms that are linked to from the portal already. Furthermore, 
research projects such as NanoInformatiX12, NanoSolveIT13 [33], SUN
SHINE14, SBD4Nano15, SAbyNA16, HARMLESS17, SUSNANOFAB18 and 
others, all develop platforms that could be relevant to be included or 
linked in the NRGP, as they face similar issues with sustainability and 
uptake following the end of the project duration [34]. The list of po
tential e-infrastructures for collaboration includes also past initiatives, 
such as EC4SafeNano,19 which has made available its results for public 
and free incorporation in the NRGP. These platforms may cover and 
expand different aspects of nano risk governance, for example the Safe 
and Sustainable by Design (SSbD) aspects of nano and advanced mate
rials [34]. The nano risk governance portal serves as a one-stop-shop 
infrastructure to include these other platforms, targeting a wide vari
ety of user groups, and functioning as a gateway to those more specific 

Fig. 4. Content impression of the data library and the database search options of the nano risk governance portal, available at: https://www.nanoriskgov.eu.

12 https://nanoinformatix-platform.greendecision.eu
13 http://cloud.nanosolveit.eu/
14 https://www.sunshine.greendecision.eu/
15 https://www.sbd4nano.eu/
16 https://www.sabyna.eu/
17 https://diamonds.tno.nl/projects/harmlesspublic
18 https://susnanofab.oppornet.com/
19 https://ec4safenano.eu-vri.eu/
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IT platforms.
Where possible, the steering committee will ensure that links are 

made between these e-infrastructures and the portal ensuring in that 
way an improved and updated NRGP to facilitate the user search, 
something that is facilitated through the fact that many organisations 
involved in the three developing projects are also connected to the other 
abovementioned projects.

4.3. Sustainability of the Nano Risk Governance Portal and digital 
infrastructure

It is recognized that the landscape for risk governance of nano
materials is rapidly changing. Specifically, there are developments in the 
areas of risk governance of novel chemicals and advanced materials, 
where nanomaterials may be included as a separate area. This is sup
ported by the establishment of the European partnership on the assess
ment risk of chemicals (PARC20) in 2022, which aims at tackling the 
challenges in the context of the new European Union Chemical Strategy 
for Sustainability [35], as well as the EU zero-pollution action plan [36]. 
As is the aim of many nano-related projects, PARC aims to build digital 
infrastructure(s) on a variety of topics, such as risk guidance and safe 
and sustainable by design [37]. In addition, various initiatives on AdMa, 
such as AMI203021 and IM4EU [38] have identified the importance of 
digital infrastructures for the future of research and innovation in 
Europe, as part of their strategic agendas [39].

In the view of the authors, the experiences from the nano- 
community, including the development of this portal, provide valu
able input to these overarching activities. As mentioned before, the 
portal is designed to be further developed, and dissemination of the 
content is encouraged through its open and permissive license condition. 
As such, it can provide a stepping stone for risk governance activities 
outside the nano-community.

5. Conclusions and future improvements

In this article, we outlined the development of a Nano Risk Gover
nance Portal and digital infrastructure to facilitate and support the risk 
governance of nanomaterials. The NRGP and ordered digital infra
structure are among the primary outputs of three collaborating research 
projects on risk governance of nanomaterials funded through the Eu
ropean Union Horizon 2020 Framework Programme.

The NRGP is the result of a co-creation process of an interdisciplinary 
working group. Based on an initial analysis, design and development of 
implementation scenarios of various ambition levels, the working group 
decided on the most relevant scenario for the development of a portal, 
which intended to serve the nano-community and be relevant to varying 
stakeholder groups.

The portal is developed primarily as a website and is managed 
through an international steering committee. Its content is licensed 
under an open-source license, thus allowing for the possibility of further 
development, and maximum dissemination and uptake of its content, 
while removing obstacles concerning questions regarding ownership.

Within the portal, a library of tools was added, database resources 
were identified and linked to, in addition to information on risk gover
nance frameworks for nanomaterials, as well as guidance on using 
frameworks and tools, navigating regulation and easy access to plat
forms and resources. As all three projects work with their own versions 
of a risk governance framework, the cloud platforms, framework tools, 
assessment tools, data development, and guidance were not included or 
further discussed within this article, though the portal provides direct 
links where possible.

The portal represents aims to be a starting point for future digital 

collaboration to support the nano risk governance process not only 
within the nano-community, but also through the ongoing and future 
initiatives related to AdMa. The authors therefore encourage stake
holders to link or make available their developed products, such as tools, 
data, models, guidances, frameworks and platforms, to the portal, by 
contacting the Nano-Risk Governance Portal committee using the 
dedicated email address22 available at the ‘About us’ section of the 
website. This will improve both its functionality and relevance, as well 
as increases the dissemination and uptake of individual products to the 
intended users of such a one-stop-shop portal.

As the creation of a digital infrastructure that satisfies multiple needs 
related to RG is a complicated and multi-faceted process, there are 
various plans for future development. Starting with the landing page of 
the portal, which is aimed to contain a procedure for identifying the 
possible users of the portal as belonging to one of several stakeholder 
groups – regulatory, educational, research and technology, commercial 
actor, or NGO. The stakeholder pre-selection will allow providing 
guidance for users in navigating the RG landscape and simpler selection 
of the most appropriate information for their research problems. This 
can be achieved by appropriate labelling of the content and its repro
duction based on the choices and preferences of the user for its user 
group profile.

Further improvements of the portal could be achieved by offering 
fully functional and interactive data, models, tools, and guidance in the 
NRGP, which would be the most ambitious and most difficult task to 
(technically) implement into the web portal. Dynamic user interaction 
with tools, models and datasets, and interoperability between tools and 
models included on the portal would be a preferable way forward to 
enable the incorporation of Integrated Approaches to Testing and 
Assessment (IATAs) within the NRGP. This would support the FAIR and 
open science principles, making an increasing number of results ob
tained from publicly funded research available to the public. Advantages 
of such an approach on interoperability include that users can stay 
within the portal for their entire nano governance or research and 
development process, and even opening up for the possibility of 
outcome sharing between different tools included in the portal. How
ever, there are major challenges in implementing such a solution as 
content cannot be easily adapted into the portal due to issues with either 
functionality and interoperability (e.g., tools are not available as a web 
service or application) or due to the license conditions of preferred 
material (e.g., commercial and/or protected products cannot be incor
porated into the portal). Moreover, data security and confidentiality of, 
in particular, industries and regulatory bodies is of high concern and 
must be facilitated to accommodate such user needs in the future, e.g., 
through the incorporation of Trusted Environments [40] in the NRGP. 
Future initiatives could be undertaken to overcome the obstacles of such 
transition, in line with the expectations of the EC on research and 
innovation of nanomaterials and advanced materials.
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