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Agéncia Nacional de Inovacéo, Lisbon, Portugal

This research paper is part of an investigation about the national competences in the field
of Circular Economy (CE) within the so-called technological infrastructures. The purpose
was to map these competences among the Technological Interface Centers (CIT) to
support Portuguese companies in the transition to a more circular economy. A survey was
designed under a general principle that all types of competences should have a straight
contribution to the circular strategies included in the Portuguese Circular Economy Action
Plan. Four main domains of competences were surveyed: “Guidance and Awareness;”
“Eco-design;” “Resource Efficiency;” and “Industrial Symbiosis.” It was possible to
ascertain CE competences profiles for the three groups of CIT (Technological Centers,
Technology Transfer Centers, and Institutes of New Technologies) and recognize different
and characteristic profiles of competences. Technological Centers have characteristic
competences in all four domains, with greater emphasis on “Eco-design” and “Resource
Efficiency.” Technology Transfer Centers also have characteristic competences in the
four domains; however, its offer is more distributed, with no particular intensity noted
in any specific domain. Institutes of New Technologies only present characteristic
competences in “Eco-design.” Gaps identified in the “Guidance and Awareness” domain
are “self-diagnosis tools for the efficient use of resources” and “maturity assessment
tools in Circular Economy.” In the domain of “Eco-design” the only gap is the “skills to
assist in the implementation of circular business models.” “Databases with examples of
good practices for resource efficiency” and the “human resources and tools capable of
carrying out energy and materiel audits” are the major gaps in the domain of “Resource
Efficiency.” Finally, the “network of specialists with technical and commercial knowledge
that enhances the use of by-products and residues in industry” and the “technical
capacity or means to mediate the transfer of waste and by-product flows between
industrial processes” are gaps in the domain of “Industrial Symbiosis.” A characterization
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sheet for each CIT was set up with the competences’ makeup of every CIT structured.
The business community in Portugal will be able to identify, in an objective way,
competences that might be useful in the process of adapting their businesses toward

more circular models.

Keywords: competences, circular economy, technological interface centers, survey, guidance and awareness,
eco-design, resource efficiency, industrial symbiosis

INTRODUCTION

The concept of Circular Economy has received special attention
in recent years, not only on European level but all over the
world, this economic model is gaining prominence amongst the
world’s largest companies, governments and policymakers, and
is seen as a strategy to increase economic prosperity (has the
potential to increase EU GDP by 0.5% by 2030 and create around
700,000 new jobs) and at the same time reduce dependence on
primary materials and energy (Ellen MacArthur Foundation et al.
et al., 2015; European Commission, 2020). Although there is
already a wide range of literature on Circular Economy, there
is a lack of conceptual coherence and the field is found to be
filled with divergent approaches (Kalmykova et al., 2018). There
are currently more than 114 different definitions of Circular
Economy (Kirchher and Priscicelli, 2019).

Currently, one of the organizations at the forefront of
dissemination and implementation of this economic model, the
Ellen MacArther Foundation, defines the Circular Economy
in the following way: Looking beyond the current take-make-
waste extractive industrial model, a Circular Economy aims
to redefine growth, focusing on positive society-wide benefits.
It entails gradually decoupling of economic activity from the
consumption of finite resources, and designing waste out of the
system. Underpinned by a transition to renewable energy sources,
the circular model builds economic, natural, and social capital. It
is based on three principles: design out waste and pollution, keep
products and materials in use, and regenerate natural systems.

The transition for a more Circular Economy is a fundamental
priority for the European Union (European Commission, 2020).
However, achieving a circular model requires cyclical and
regenerative environmental innovations in the way society
legislates, produces, and consumes (Prieto-Sandoval et al., 2018).
The implementation of circular practices that will transform
society, the way companies do business and the consumption
systems, requires the acquisition of complex knowledge and
certain competences. The European Centre for the Development
of Vocational Training (CEDEFOP) defines “green skills” as
knowledge, skills, values, and attitudes necessary to live, develop
and support a society, which reduces the impact of human
activity on the environment (Bainbridge, 2014).

The study developed by Prieto-Sandoval et al. (2019) relies
on the integrated view that environmental business strategies,
which drive eco-innovation and create competitive advantages
in the Marketplace, result from the use of external and
internal factors. According to Prieto-Sandoval et al. (2019),
the external factors include public policies, market conditions,
technological development, and stakeholders. While the internal

factors are resources, capabilities, and competences (RCCs) of
the company. Resources are assets, capabilities, organizational
processes, firm attributes, information, and knowledge, used
in achieving a sustained long-term competitive advantage in
dynamic markets. Capabilities are generally acquired through
development, learning and knowledge exchange. In turn,
competences are the capabilities that become sources of
competitive advantage over competitors. The competences have
a strategic value, which implies the need to continuously
update them. Prieto-Sandoval et al. (2019), in a recent paper,
identified a set of resources, capabilities and competences that
they anticipate as being useful for implementing the Circular
Economy in SMEs. In their work, the authors identify a set
of resources, capabilities and competences distributed over six
areas of action: take, make/transform, distribute, use/consume,
recover, and industrial symbiosis. The authors identify 13
resources that they consider essential for the implementation
of the CE, such as, for example, materials database, design and
creativity, traceability systems, maintenance services platform,
among others. Regarding capabilities and competences, 13
were also identified, including, develop successful, green, and
circular products or services, perform reverse logistics, include
consumers in product design, design circular processes and
products, among others.

The work developed by Kalmykova et al. (2018) aims to
make available the tools to implement the concept for a circular
economy, with the main objective being the development of two
tools: a Circular Economy Strategies Database which includes 45
circular economy strategies applicable to different parts of the
value chain; and a Circular Economy Implementation Database
which includes more than 100 implementation cases of 35 of
the 45 strategies described in the Circular Economy Strategies
Database. Cross-referencing between these two databases allows
the identification of the lack of strategies or tested cases for
a given value chain stage, as well as the maturity of available
strategies (pilot or market-ready stage).

The transition to a Circular Economy is a complex and
multifaceted process that requires the acquisition of new
competences and knowledge through education. It will be
important to record all the progress made, but also to
identify where more work is needed to achieve the desired
change (European Environment Agency, 2016). The KATCH-
e project, that involved entities from four countries, including
Portugal (LNEG-Laboratorio Nacional de Energia e Geologia,
Universidade de Aveiro e Amorim Cork Composites), is a
knowledge alliance between Higher Education, companies,
and research centers and aimed at promoting the creation
and development of skills in the field of product-services
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development for the Circular Economy and sustainability in the
construction and furniture sectors. The KATCH-e project led
to the conclusion that there is “a lack of knowledge, skills and
competences to adapt business concepts and implement Circular
Economy strategies, although a lot of information is available”
(Celades et al., 2017).

Eco-design is seen by many experts as the way to create
sustainable industrial systems (McDonough and Braungart,
2002) and achieve an increasingly Circular Economy (Franco,
2019), since, the design of a product affects the entire value
chain (Charnley, 2015), as such, it is necessary to establish which
competences should be cultivated in designers. The development
of new design capabilities and competences are key to a more
sustainable future and to support closed loop systems. According
to Charnley (2015), some necessary competences are: a deep
scientific knowledge of materials composition, engineering
techniques and operational processes, proficiency in service
design, and a thorough understanding of human behavior. In her
work, Charnley (2015) proposes a list of 10 learning objectives for
designers to be able to support the transformation of the industry
with strategies for eco design, namely sharing platforms, products
as services, product life extension (consumables), product
life extension (high-end), product life extension (refurbish
and upgrade), products as services (remanufacture), material
recovery, and circular supplies.

The transition to an increasingly Circular Economy requires
significant changes at various levels, such as: the acquisition of
complex knowledge and new competences; legislative changes
(Prieto-Sandoval et al., 2018); changes in the way organizations
operate, from creating a sustainability mindset among designers,
to reshaping operations along the supply chain (Jabbour et al.,
2019). The same authors also underline the need to create
partnerships between organizations, that allows the exchange on
information and collaborative work. While there is already a
wide range of literature on Circular Economy, there is a need
for further knowledge on the competences that are required for
businesses to be able to make this transition and turn the current
theoretical knowledge base into practice.

To make this transition to the CE, companies often have
difficulties in identifying the competences they need and/or
understand if they should internalize them. In these cases, the
solution is to resort to specialized technical-scientific assistance
services provided by entities with these competences.

In Portugal, it was not found in the literature works that
provide information in a structured way on the competences
in CE of the different actors of the Portuguese Innovation
System that can facilitate the adoption by companies of the
circular strategies indicated in the Portuguese Action Plan for
Circular Economy.

This research work is part of an investigation about national
competences in Circular Economy and the overall aim of
the present study was to identify and assess the existing CE
competencies on the Technological Interface Centers (CIT) to
assist Portuguese companies in the transition to the Circular
Economy. The hypothesis tested was that the pattern of
CE competencies varies with CIT nature and some gaps of
competences are common to any CIT. To test the hypothesis all

the population of CIT was requested to answer a survey, where
each CIT had the opportunity to indicate their CE competencies
within four relevant domains, with the purpose to discuss a
general and specific distribution of the competencies by domain
and CIT group.

The mapping and dissemination of these competences will
allow the business fabric to objectively identify competences
that may be useful in the process of adapting their businesses
to more circular business models. It is also expected that the
dissemination of national competences in Circular Economy
will facilitate innovation practices and that it will allow a better
international connection of the CIT, through the dissemination
of their competences in international networks. The research is
also a contribution for the identification of new stakeholders
who foster and support the transition to a circular economy and
the knowledge produced could be useful for the development of
new funding programs to support similar technological interface
structures activities.

This paper has the following structure: section Materials
and Methods describes the features of the study targeted CIT
(section Study Target-The CIT); provides details about the
methodological approach (section Methodological Approach),
method and principles used to develop the survey (section Survey
Development), how the survey was answered (section Survey
Answers), the validation process of the answers and criteria
to validate the evidence of competencies (section Validation
of Answers). Section Results provides the general distribution
of competences by domain and CIT group (section General
Distribution of Competences by Domain and CIT Group);
specific distribution of competences by domain and CIT group
(section Specific Distribution of Competences by Domain and
CIT Group). Section Discussion summarizes this study’s main
outcomes and their applications.

MATERIALS AND METHODS
Study Target-The CIT

The Technological Interface Centers (CIT) are technological
infrastructures of the National Scientific and Technological
System. In the terms of the Order of Secretary of State
of Economy n°. 8563/2019 (Despacho n® 8563/2019 de
27 de setembro do Gabinete do Secretario de Estado da
Economia, 2019), CIT are acknowledged as entities of the
national innovation system and agents for enhancing scientific
and technological knowledge, that promotes the technology
transfer and innovation in companies, namely through the
certification processes, improving quality and efficiency of the
product, supporting innovation activities, access to developing
technology, and human resources training (Resolu¢io do
Conselho de Ministros n°84/2016 de 21 de dezembro, 2016).

For the purposes of this study, the three typologies of
Technology Interface Centers were the same considered by
(Agéncia de Inovagdo, 2006). Currently, the CIT are distributed
as follows: 8 Technology Centers, 14 Technology Transfer
Centers, and 9 Institutes of New Technologies.

The Technological Centers (CT) are infrastructures for
technical and technological support to industry, aimed at
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sectors of activity that particularly lack technical support for
technological innovation, namely companies from traditional
industrial activity sectors, contributing to the increase of their
competitiveness through convenient structures.

The Technology Transfer Centers (CTT) contribute to
industrial development through highly qualified specialization
in production technology and production management in
its multiple aspects of system or product development,
demonstration, productivity improvement, certification, and
professional training.

The Institutes of New Technologies (INT) aim to increase
technological intensity in the production of industrial companies
by assimilating new technologies based on scientific and
technological research, to take advantage of local synergies to
make research-industry interaction efficient.

Methodological Approach

Kalmykova et al. (2018) performed a literature research using
Scopus database, Google and Google Scholar, and using “circular
economy” as a keyword in the title, keywords and abstract
of the documents; however, they did not considered different
terminology that may be used for concepts similar to circular
economy, “as closed loop economy,” “zero waste economy,
“green supply chain management,” “performance economy,
“cradle to cradle;” or “industrial symbiosis.” After performing a
screening of the literature and discarding any article that didn’t
have circular economy as the main topic, the authors divided the
selected articles into four categories: theory, policy, case studies,
and practice. Literature from all four categories was used to
develop the CE Strategies Database and the literature from case
studies and practice was used to develop the CE Implementation
Database. The CE Strategy Database was built so that each
strategy was associated with a phase of the value chain, and for
each implementation case in the CE Implementation Database a
suitable strategy was matched. In cases where an implementation
case was missing a CE strategy, that strategy was added to the
CE Strategy Database. The authors also did not perform any
screening of the strategies nor the implementation cases, i.e., all
the strategies and all de cases identified in the reviewed literature
were considered in the databases.

Charnley (2015) analyzed eight case studies, regarding the
implementation of strategies for climate change, from the
databases of Ellen MacArthur Foundation and Accenture.
To select the case studies, the author defined four criteria:
manufacturing-led companies were considered the most
relevant; case studies must exemplify a variety of strategies for
climate change; case studies must illustrate the application of
CE in a wide variety of products; the case study analysis should
include B2B and B2C markets. Using the evidence from the
case studies and the literature framework the author identified
a group of design abilities and skills needed to develop circular
products. To avoid any bias and provide robust findings, any
deductions regarding the case studies were validated by CE
experts, researchers, and stakeholders from relevant companies.

In the research carried out by Upadhyay (2020) and Kumar
et al. (2019) with the aim of investigating the current state of
green supply chain practices in India and understanding the

green practices being adopted with the focus on improving
the operational performance in China respectively, the authors
adopted a case study approach where semi-structured interviews
were carried out with three Indian automobile manufacturing
companies and seven Chinese SMEs in the packaging sector.
The case studies adopted in both studies describe the current
state of green supply chain practices in the respective industrial
sectors, and how critical they are to develop an efficient green
supply chain; however, the studies were not designed to map
competences that intermediary entities providing support to
companies might need to help implement those green practices.

The methodology adopted for the development of the present
study followed a practical approach, since the competences
that were intended to be mapped were not searched from
the literature, or from identified case studies, which makes
an important difference of other authors approach, namely
Kalmykova et al. (2018) and Charnley (2015). Similarly
to Upadhyay (2020) and Kumar et al. (2019) a structured
engagement with CIT was carried out, with the objective
of characterizing these entities and understanding what
circular economy competences they have. However, the set
of competences intended to ascertain was defined a priori.
The objective was not to look for all the circular economy
competences that might exist amongst the CIT, but rather to look
for a specific set of competences that were considered relevant
for the implementation of the CE strategies defined in the
Portuguese Circular Economy Action Plan (PAEC, 2017-2020).
To verify the existence of this set of competences, a questionnaire
was developed, from which was possible to determine the
competences of each CIT as well as to gather all the evidence
necessary to support those competences. It was also carried out a
screening and review of all the evidence presented, and for that a
set of criteria was defined, and presented to the technicians of the
CIT for validation, to ensure the objectivity and thoroughness of
the work.

The methodological process used in the development of this
research work takes places in three main phases:

- Survey development
- Survey answers
- Validation of answers

Survey Development

The first step of this phase was the construction of a
questionnaire. It was developed over approximately two months,
a meta-analysis of the diverse literature, where the aim was
to identify domains of competences, namely in international
networks that provide services for SMEs in resource efficiency.
Thus, the work developed by EREK (European Resource
Efficiency Knowledge Centre) was particularly useful with the
aim of identifying competences that allow companies to move
toward a more Circular Economy. EREK is an initiative of
the European Commission, implemented by a consortium of
organizations, which provides information on business service
providers and business support organizations, key tools, and
learning resources, as well as access to a network of experts
(European Commission, 2018). Based on the results of this
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FIGURE 1 | Relevant competences to support the circular economy strategies foreseen in the Portuguese Circular Economy Action Plan (2017-2020).

meta-analysis, 16 core competences were defined that were
guaranteed to contribute to support the implementation of
the Circular Economy strategies foreseen in the Portuguese
Circular Economy Action Plan: 2017-2020 (Resolugio do
Conselho de Ministros 190-A/2017 de 11 de dezembro, 2017),
namely (i) New business models and dematerialization, (ii)
Design, Eco design, (iii) Clean production/eco-efficiency, (iv)
Life cycle extension: reuse, remanufacturing, reconditioning, (v)
Industrial symbioses, (vi) Valorization of by-products and waste,
(vii) Awareness raising and social involvement. In Figure 1 is
presented the relation between the strategies and the relevant
competences to support these strategies around four domains
of competences that allow companies doing a transition to a
more Circular Economy, namely, Guidance and Awareness, Eco-
design, Resource Efficiency, and Industrial Symbiosis.

For the purpose of this mapping, “Circular Economy
competencies” have been considered as the pooling and
coordination of knowledge, experiences, and skills that enable the
Technology Interface Centers to carry out technology interface
activities that promote Circular Economy development.

Considering the research conducted and the concept of
competences mentioned, a survey divided into two parts was

designed. The first part consists of closed-ended questions,
addressed to the four domains of competences identified as
relevant. The second part consisted mostly of open-ended
questions, which aimed to identify reference services, projects,
tools, and/or initiatives that reflect the Circular Economy
competences for which the CIT should be recognized and any
competences that are under development. The questionnaire
resulting from this phase is presented in Annex 1.

Survey Answers
In this mapping work and taking into account the specificities of
the questionnaire requests, the data collection method used was
the accompanied completion of the survey. To this end, meetings
were scheduled with the technicians of each CIT, where all the
questions in the survey were discussed, in order to ensure that
the questions asked were correctly understood, so as to ensure
the harmonization of the answers obtained. After the meetings,
each CIT was asked to submit the completed survey, considering
the aspects discussed at the meeting.

Of the 31 CIT enquiries, 29 answers were obtained to the
survey (8 CT, 13 CTT, 8 INT), with one CIT stating that it does
not have competences for the Circular Economy and another

Frontiers in Sustainability | www.frontiersin.org

5 October 2021 | Volume 2 | Article 739052


https://www.frontiersin.org/journals/sustainability
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainability#articles

Ferreira and Matias

Mapping Competences Toward Circular Economy

not responding to the survey, as such, 93.5% of valid responses
were obtained.

After the first analysis of the answers from CIT, it was verified
that open questions were not fully answered. An email was
therefore sent to each CIT with a clarification of these issues, and
they were asked to review the answers given.

The data collection period took place from November 2019
to February 2020, including the whole process of accompanied
completion of the survey and email iteration for clarification and
adjustment of some aspects of the open-ended questions.

Once all the answers were recorded and reviewed respectively,
a statistical analysis was carried out.

For the purposes of analysis, the following aspects were taken
into consideration:

- For a CIT to be represented in one of the four domains of
competences considered in this mapping, it is necessary that
it possesses at least one of the competences of that domain.

- For a competence to be considered a characteristic of one of
the three CIT groups, 60% or more of the CIT in that group
must possess that competence.

- For a competence to be considered a gap in one of the three
CIT groups, <50% of the CIT in that group must possess
that competence.

In a next step, the references submitted by the CIT as evidence for
the Circular Economy competences for which each CIT considers
it should be recognized, and the links sent were validated. For
the purpose of this mapping work, a hierarchy of evidence was
established with the following order of relevance, (i) regular
services in Circular Economy provided by the CIT, (ii) projects
with the request of competences and Circular Economy support
tools, (iii) initiatives developed, such as debates, conferences,
seminars, lectures, dissemination sessions, and workshops, and
(iv) projects in which the CIT was involved as a stakeholder.
Services were considered to be the most relevant evidence, as
services are concrete actions with a direct impact on companies
(e.g., service provision contracts). Some of the projects and
initiatives may also have a direct impact on companies, as
they were carried out in partnership, however in other cases
this impact will be indirect, with projects and initiatives being
carried out in partnership with other CIT and other national
and international entities. All the evidences presented that fit the
mentioned typologies of evidence were considered valid, with the
exception of projects in which the CIT was involved only as a
stakeholder and for which no competences in Circular Economy
were requested, even if these projects have themes associated
with the CE as subject matter. Additionally, an evidence was
only considered valid if it was accompanied by the respective
reference, i.e., link to content that presents or is associated with
the competence that the CIT intends to evidence.

The survey of this information allowed to create a
characterization sheet for each CIT, in which the specific
competences that the CIT has in the Circular Economy domains
are listed, along with the respective services, projects and/or
reference initiatives that the CIT has developed. The purpose
of preparing these sheets is to allow businesses to objectively
identify competences that are useful in adapting their businesses

to more circular models, as well as to disseminate them in
international networks.

Validation of Answers

To ensure that all CIT understood the importance of the
evidence, as well as the criteria that ANI used to define a
competence and validate the evidence and respective references,
it was considered that it would be useful in the methodological
process to introduce a workshop in which all CIT participated.
Therefore, to harmonize the competence sheets developed, a
workshop was organized with the main objectives of presenting
the results of the survey and discussing some of the problems
identified in the competence mapping exercise, namely the
difficulty in obtaining references in a harmonized manner, as well
as the necessary next steps to complete the mapping work.

Prior to the workshop, each CIT received a commented
version of their respective competence sheet, with indications
to be met, in order to facilitate its improvement. The workshop
was held on 29 September, 2020 and, after the workshop, the
CIT were asked, in accordance with the guidelines given in the
document sent and with the discussion at the workshop, to
make the necessary adjustments to their sheets and definitively
validate their competences. This final validation process ended in
November 2020.

The workshop was a key piece to ensure that technically all
CIT followed the same criteria and to provide an opportunity to
discuss any disagreement or alternative to the method followed,
which did not occur.

A consultation form was also developed (Reflection on the
dynamic nature of the competences for Circular Economy),
which was also sent prior to the workshop, and which
aimed to confirm the interest in a periodic update of the
competences’ sheets.

RESULTS

Of the 31 recognized CIT, 24 were mapped, of which 8 are
Technology Centres (CT), 10 are Technology Transfer Centres
(CTT), and 6 are Institutes of New Technology (INT). Table 1
identifies the competences of each of the CIT, in the four mapped
domains. Of all the evidence presented by the CIT, 227 were
validated, of which 37 are services, 163 are projects with the
request of competences and Circular Economy support tools, and
27 are initiatives developed by the CIT.

General Distribution of Competences by
Domain and CIT Group

The first approach was to analyze the richness of competences
in each of the domains studied. Figure2A shows that two
dimensions are richer in competences: Eco-design and then
Guidance and Awareness. On the other hand, Resource Efficiency
is the domain with the least richness in competences. Figure 2A
also shows that for the Technological Centers (CT) there is
a greater wealth of competences in Guidance and Awareness
and Resource Efficiency. In the case of the Technology Transfer
Centers (CTT), the Eco-design and Guidance and Awareness
domains are the most competence-rich and the Resource
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TABLE 1 | Identification of competences in Circular Economy of each of the CIT.

Guidance and Training
awareness Production of technical information, dissemination and awareness
Mentoring

Self-Diagnostic Tools for Efficient Resource Use
Maturity Assessment Tools for the Application of Principles of Circular Economy
Other: Consultancy
Other: Ability to assess the maturity of the Circular Economy principles application
Eco-design Skills to perform diagnoses and propose circularity strategies
Specialized human resources
Lifecycle Analysis Tools
Connection to expert network
Other: Materials analysis/testing laboratories
Other: Product Development Competencies
Intervention in circular design or redesign of products and/or processes
Design for durability
Design for repair, maintenance, and upgrade
Design for remanufacturing
Design for recycling
Design of industrial symbiosis processes
Prototyping and testing of new products
Other: Design for resource utilization
Skills to assist in the implementation of circular business models
Resource efficiency  Availability of databases with examples of good practices for resource efficiency
Availability of human resources and tools with the capacity to carry out energy and material audits
Ability to assist in the implementation of energy and material efficiency improvement plans
Ability to assist companies in determining material and energy productivity
Qualified human resources
Tools for data acquisition and reference analysis
Access to experts and industrial reference information
Other: Computational tools for optimization

Industrial symbioses  Network of experts with technical and commercial knowledge that enhances the use of by-products
and waste in industry

Technical capacity or means to mediate the transfer of waste and by-product streams between
industrial processes

Technical-scientific support for the valorization of waste and by-products
Market intelligence
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FIGURE 2 | (A) Abundance of competences in each mapped domain. (B) Distribution of the technological interface center groups by domain of competences.
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Efficiency domain is the least competence-rich. Finally, in the
case of the Institutes of New Technologies (INT), the Eco-design
domain stands out as being the domain with the greatest richness
in competences, as had been predicted through the analysis of
the answers to the survey. The remaining three domains are
equally rich.

Figure 2B shows that, in general, all the CIT groups possess
competences in all domains. In the set of all Technology Centers
(CT) it is observed that all of them somehow possess at least
one competence in the domains Guidance and Awareness and
Resource Efficiency. As far as the Technology Transfer Centers
(CTT) are concerned, it can be seen that, although there are also
contributions of competences in all domains, there is a significant
percentage of them that do not have competences, namely in the
Resource Efficiency domain. With regard to Institutes of New
Technology (INT), it can be seen that they contribute to all four
domains of competences, but it should be noted that a greater
number of INT have competence in the area of Eco-design.

Through the analysis of Figure 3 it was possible to conclude
which competence carries most weight in each domain.

Regarding the domain of Guidance and Awareness, the
competence that is presented by the most CIT is “Production
of technical information, dissemination, and awareness.” The
least expressed competences are “assessment tools” and “self-
diagnostic tools.” A very small number of CIT have this type
of competences: of the 24 mapped CIT, only two have “self-
diagnostic tools,” a Technology Centre (CT) and an Institute of
New Technologies (INT), and only one INT has “assessment
tools.” None of the Technology Transfer Centers (CT) has “self-
diagnostic tools” or “assessment tools.” It should be noted that the
INT do not seem to be geared toward “training” and that none of
the CT has “assessment tools.”

Regarding the Eco-design domain, it can be seen that the
competence that brings together the most CIT is “Intervention
in circular design or redesign of products and/or processes,” and
it is worth noting that of the three competences mapped, a very
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FIGURE 3 | Weight of competences in each domain.

small number of CIT have “Skills to assist in the implementation
of circular business models,” only one CT, one CTT and one INT.

In the domain of Resource Efficiency, “Ability to assist
companies in determining material and energy productivity”
is a competence with good coverage in all three CIT groups.
Almost all CT have the “Ability to assist in the implementation
of energy and material efficiency improvement plans.” It can be
seen that few CT and CTT have “Databases with examples of
good practices for resource efficiency” and “Human resources
and tools with the capacity to carry out energy and material
audits.” The latter competences are practically non-existent
among INT.

In general, competences can be found in the Industrial
Symbiosis domain in all the CIT groups. CTT dominates three

of the four competences mapped, with the one with the most
CIT (17) being “Technical-scientific support for the valorization
of waste and by-products,” With regard to the competences
“Network of experts with technical and commercial knowledge
that enhances the use of by-products and waste in industry” and
“Technical capacity or means to mediate the transfer of waste
and by-product streams between industrial processes,” few CIT
present them. As for the former, it was only mapped in two CT,
two INT, and four CTT; as for the latter, the scenario is similar,
but still with one INT less.

Through Figure4 it was possible to find a profile of
characteristic competences of each CIT group, as well as to
identify gaps of competences. The characteristic competences
and gaps of each CIT group are listed in Table 2.
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FIGURE 4 | Competences by group of technological interface centers.

Regarding Figure 4, it is important to highlight a set of
gaps that were identified in each of the domains and that are
common to the three CIT groups. In the field of Guidance
and Awareness, it was found that a very small number of
CIT have competences for the use of “self-diagnostic tools for
the efficient resource use” and “Maturity Assessment Tools.”
In the domain of Eco-design, the gap is in “skills to assist in
the implementation of circular business models.” It can also be

concluded that, in the domain of Resource Efficiency, few CIT
“make available databases with examples of good practices for
resource efficiency” and “have human resources and tools with
the capacity to carry out energy and material audits.” Regarding
the domains of Industrial Symbiosis, the gaps of competences
identified focus essentially on the “network of experts with
technical and commercial knowledge to enhance the use of by-
products and waste in industry” and the “technical capacity or
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TABLE 2 | Characteristic competences and competence gaps of the three CIT groups.

CIT group

Guidance and awareness

Eco-design

Resource efficiency

Industrial symbiosis

Competences gaps

CT

CTT

INT

Production of technical
information, dissemination, and
awareness

Production of technical
information, dissemination, and
awareness

Skills to perform diagnoses and
propose circularity strategies

Intervention in circular design or
redesign of products and/or
processes

Intervention in circular design or
redesign of products and/or
processes

Skills to perform diagnoses and
propose circularity strategies

Intervention in circular design or
redesign of products and/or
processes

Ability to assist in the
implementation of energy and
material efficiency improvement
plans

Ability to assist companies in

determining material and energy

productivity
Ability to assist companies in

determining material and energy

productivity

Technical-scientific support for
the valorization of waste and
by-products

Technical-scientific support for
the valorization of waste and
by-products

Training; Mentoring; Self-diagnostic tools for efficient
resource use and Maturity assessment tools for the
application of principles in Circular Economy; Skills to
assist in the implementation of circular business models;
Availability of databases with examples of good practices
for resource efficiency; Availability of human resources and
tools with the capacity to carry out energy and material
audits; Network of experts with technical and commercial
knowledge that enhances the use of by-products and
waste in industry; Technical capacity or means to mediate
the transfer of waste and by-product streams between
industrial processes.

Training; Mentoring; Self-diagnostic tools for efficient
resource use and Maturity assessment tools for the
application of principles in Circular Economy; Skills to
assist in the implementation of circular business models;
Skills to assist in the implementation of circular business
models; Availability of databases with examples of good
practices for resource efficiency; Availability of human
resources and tools with the capacity to carry out energy
and material audits; Ability to assist in the implementation
of energy and material efficiency improvement plans;
Network of experts with technical and commercial
knowledge that enhances the use of by-products and
waste in industry; Technical capacity or means to mediate
the transfer of waste and by-product streams between
industrial processes.

Training; Mentoring; Self-diagnostic tools for efficient
resource use and Maturity assessment tools for the
application of principles in Circular Economy; Skills to
assist in the implementation of circular business models;
Availability of databases with examples of good practices
for resource efficiency; Availability of human resources and
tools with the capacity to carry out energy and material
audits; Ability to assist in the implementation of energy and
material efficiency improvement plans; Network of experts
with technical and commercial knowledge that enhances
the use of by-products and waste in industry; Technical
capacity or means to mediate the transfer of waste and
by-product streams between industrial processes.
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means to mediate the transfer of waste and by-product streams
between industrial processes.”

By analyzing Table 2, each CIT group showed a profile of
competences which, although they overlap, are different and
characteristic. It seems to be characteristic of the Technological
Centers (CT) to have competences in all four domains, with
greater emphasis on Eco-design and Resource Efficiency.

The Technology Transfer Centers (CTT) have characteristic
competencies in the four domains; however, this offer is more
distributed, with no particular intensity in any specific domain.

Contrary to the other groups, since the Institutes of New
Technologies (INT) present a profile of competences only in the
field of Eco-design, it indicates that they are more inclined to
intervene in this domain.

Of all the CE competences mapped, it was found that only
“intervention in circular design or redesign of products and/or
processes” is characteristic of the three CIT groups.

Specific Distribution of Competences by
Domain and CIT Group

It was also tried to understand the CIT’s competences by domain
of intervention in circular design/redesign. Figure 5 shows that
the main intervention domains of circular design/redesign are:

e Design for recycling
e Prototyping and testing new products
e Design for durability

Regarding the distribution of the domains of intervention by CIT
group, the Technology Centers (CT) only presented evidence for
three domains: design for recycling, conducting prototyping and
testing of new products, and design for durability.

The analysis of evidence presented by the Technology
Transfer Centers (CTT) and the Institutes of New Technologies
(INT) allows us to identify as the main domains of intervention
in the circular design/redesign competence the realization of
prototyping and testing of new products and design for recycling.

None of the three CIT groups showed evidence for the
intervention domain design for remanufacturing.

The analysis of Figure 6 shows that all groups have “Skills
to perform diagnoses and propose circularity strategies.” Of the
three groups, the Institutes of New Technologies (INT) can be
highlighted at the level of “connection to expert networks,” the
Technology Transfer Centers (CTT) at the level of “specialized
human resources” and the Technology Centers (CT) regarding
“life cycle analysis tools.”

In Figure7 it is possible to see that the three CIT
groups presented evidence for the three competences to “assist
companies in determining material and energy productivity.”
Of the three competences, the one with the highest coverage is
“qualified human resources.” The Institutes of New Technologies
(INT) were the group that presented more evidence for the
competence “tools for data acquisition and reference analysis”
and the Technology Transfer Centers (CTT) were the group that
presented more evidence for “access to experts and industrial
reference information.”

From the set of 29 answers to the survey, it can be observed,
through Figure 8, that the strategies that the CIT see with more
interest for the future development of competences are:

e Industrial symbioses (urban, local, regional)
e Valuation of by-products and waste
e Life cycle extension: reuse, remanufacturing, reconditioning
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FIGURE 7 | Competences to assist companies in determining material and energy productivity.

Number of CIT

Analyzing the CIT groups separately, the main strategies on
which the Technology Centers (CT) intend to focus on the future
development of competences for Circular Economy are:

Valuation of by-products and waste

Life cycle extension: reuse, remanufacturing, reconditioning
“Clean” production/eco-efficiency

Design, eco-design

The main strategies on which the Technology Transfer Centers
(CTT) intend to focus on the future development of competences
for Circular Economy are:

e Industrial symbioses (urban, local, regional)
e Valuation of by-products and waste Life cycle extension: reuse,
remanufacturing, reconditioning

The main strategies on which Institutes of New Technologies
(INT) intend to focus on the future development of competences
for the Circular Economy are:

e Industrial symbioses (urban, local, regional)
e Life cycle extension: reuse, remanufacturing, reconditioning
clean production/eco-efficiency

DISCUSSION

In the research work developed, the aim was to map a
set of 16 competences in Circular Economy, divided into
four intervention domains. In general, at least one CIT was
always found for all competences. The analysis of the collected
information allowed concluding that the CIT, currently, are more
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focused on supporting Guidance and Awareness and Eco-design.
It was also concluded that in each domain there is a recurring
competence that is predominant.

A profile of characteristic competences was found for each
of the CIT groups, as well as a set of gaps that highlight needs
for further competence development. Kalmykova et al.,, in a
recent study reported several case studies of implementation of
circular economy strategies applied on different parts of the value
chain. One of the outcomes of the study was a matching exercise
between a CE Strategies Database and a CE Implementation data
base. Authors recognized some gaps on the implementation of
CE strategies namely associated with “community involvement,”
“material productivity,” “new business models/sharing use,” and
“upcycling.” In opposition, the present study was able to map
evidence of competences associated to the implementation of
these strategies.

From the specific analysis of the evidence presented in Eco-
design, in particular the intervention domains of design and
redesign, it was concluded that, currently, the CIT are more
prepared to develop “design for recycling.” Although this is the
area of intervention identified by more CIT, its number is still
small in the total number of CIT.

Regarding the competences associated with carrying out
diagnoses and proposing circularity strategies, it was found that
there are still few CIT with competences to use “life cycle
analysis tools.”

The three groups of CIT have different natures and as such,
it was expected to find different characteristic competences
in each group. In the case of the CT, a greater intensity
of competences was found in the domains of Guidance and
Awareness and Resource Efficiency, which is in line with what
was expected, since CT are a group aimed at providing support
to traditional industrial sectors, namely through the provision of

services and specialized training, with the aim of improving the
quality of products and processes. When analyzing the results
obtained for the CTT and INT, it is necessary to consider
the fact that in these two groups not all CIT were mapped
and, therefore, there may be a deviation of results from the
actual reality of existing characteristic competences. For the CTT,
there was a greater intensity of competences in the domains
of Guidance and Awareness and Eco-design, which is natural
since CTT have a company/project level approach, with the
aim of boosting the transfer of knowledge and technologies
to industrial enterprises. Finally, in the case of the INT there
was a greater intensity of competences in the domain of Eco-
design and the same intensity was found in the three remaining
domains. The INT are tailored to be specialists in certain
technological areas and don’t work in the logic of supporting
the technological development of a specific industrial sector, but
with the aim supporting the development of technologies that
are transversal to several sectors. Therefore, one would expect a
greater prominence in the domains of Resource Efficiency and
Industrial Symbioses compared to the domain of Guidance and
Awareness, which might be explained by the one third of INT
that were not mapped.

Another outcome from this study was the recognition that
within the CIT competences mapping there was not any evidence
of competences oriented to support the mining industry.
Upadhyay et al. (2021), concluded in a recent study, the circular
economy concept is still in its early stages in the mining industry
as it is with most primary sectors. On the other hand, it was stated
the mining sector has a crucial role to play in the transition to
a low carbon economy and embracing the move to a circular
economy can help to reduce the negative impacts of its activities.
This could be a new industrial field for CIT to deploy new
CE competences.
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In general, the CIT intend to put the focus of future
competences development in Circular Economy, mostly
associated to the circular strategies of “Industrial symbioses
(urban, local, regional)” and “Valuation of by-products and
waste.” In the case of CT, they intend to focus on “Valuation
of by-products and waste” and CTT and INT on “Industrial
symbioses (urban, local, regional).”

This first mapping and benchmarking work of the current CE
competences of the CIT, indicated in their respective competence
sheets, allowed to highlight their dynamic nature. Therefore, it is
expected that the CIT competence profile shall have an evolving
character and should be updated with some regularity.
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