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Abstract. The implementation of Industrial Symbiosis andEnergyEfficiency is linked to the ongoing technological
development. New technologies can lead to an increased up-take of these concepts, which affect all areas of process
industriesand involvethewholeworkforce.Thepresentpaperdescribespartof theworkdeveloped intheearlystageof
a current Erasmus+ project entitled “Skills Alliance for Industrial Symbiosis: A Cross-sectoral Blueprint for a
SustainableProcess Industry (SPIRE-SAIS)”. Suchproject aimsatdevelopingan industry-drivenandproactive skills
strategy to assist the implementation and exploitation of Industrial Symbiosis and Energy Efficiency across the
energy-intensive industrial sectors, which are represented by the association of Sustainable Process Industry through
Resource and Energy Efficiency (SPIRE). The main aspects of the current state of implementation of Industrial
Symbiosis and Energy Efficiency in European process industries are analyzed. In addition, upcoming techniques and
developments are taken into account for the main considered sectors, e.g., Iron and Steel, Chemical, Non-ferrous
Metals, Mineral, Water, Ceramics, and Cement. Achieved results on implementation of technologies and practices
basedonIndustrialSymbiosisandEnergyEfficiency,aswell asnewchallengescoming fromtheiraccomplishmentsare
considered. Companies’ perceptions on future implementation of Industrial Symbiosis and Energy Efficiency are
explored,togetherwithpossiblebarriersresulting inimplementationpracticesandexpectedsolutionstosatisfyrelated
ongoing and future skill demands.
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1 Introduction

The concepts of Industrial Symbiosis (IS) and Energy
Efficiency (EE) are receiving and ever increasing attention
both in research activities and in the context of Energy
Intensive Industries (EIIs) that are actively committed to
reduce resources and energy consumptions in their
processes. These actions aim at both reducing the
environmental footprint of production processes and
improving their efficiency, resulting in natural resources,
energy and costs savings. In particular, development and
implementation of new technical solutions and operating
practices related to IS and EE are linked to ongoing
technological upgrades, which involve both production
processes and auxiliary services. For instance, some
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significant enabling technologies (e.g., novel treatment
processes for by-product valorization, water purification
and energy transformation, advanced waste heat recovery
systems, and Carbon Capture, Storage and Utilization)
pave the way to IS solution. All areas of the process
industries can be affected, by involving all workers’
categories, from top management to technical personnel
and plant operators. In addition, some technologies in
Information Communication Technology (ICT) enable
information exchange between different companies and
among companies and stakeholders, resulting in improving
of cross-sectorial cooperation.

The present paper describes part of the work developed
in the early stage of a current Erasmus+ project entitled
“Skills Alliance for Industrial Symbiosis: A Cross-sectoral
Blueprint for a Sustainable Process Industry (SPIRE-
SAIS)”. The project aims at developing an industry-driven
and proactive skills strategy to assist the implementation
and exploitation of IS and EE in the EIIs. An assessment of
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current state of IS and EE solutions implementation in the
European process industry is carried out, by analysing
forthcoming technologies and taking into account the
major levers of the Circular Economy (CE) transformation.
In addition, the project aims at providing a consolidated
approach to anticipate skills demands for IS and EE, for a
more proactive cross-sectorial cooperation and integration.
In particular, the main objectives consist in a proactive
identification of skills needs and demands, to build
appropriate training and curricula, as well as in identifying,
developing and promoting sectoral recruitment and ups-
killing schemes.

This paper presents the investigation of the current
state of the IS and EE in the European Process Industry
through the analysis of the results from a survey carried out
inside the SPIRE-SAIS project. The performed question-
naire, distributed among companies, is based on ongoing
and past experiences, expectations and foreseen challenges
related to the possible adoption of the IS and EE solutions
in the involved companies. In addition, the resulting
impact of these actions on workforce was considered. This
questionnaire was addressed to employees of the European
process sectors and was launched in July 2020 until the end
of 2020.

The paper is organized as follows: Section 2 presents an
overview of IS and EE in EEIs; Section 3 presents the
structure of the questionnaire. The survey results are
discussed in Section 4, by considering current levels of IS
and EE implementation, economic, environmental and
social benefits as well as impacts on workforce and training
programs. Finally, Section 5 provides some concluding
remarks.

2 Industrial Symbiosis and Energy Efficiency
in European energy intensive industries

2.1 Industrial symbiosis

IS concerns re-use of residual materials (i.e., waste and by-
products), water and energy of a production process as
inputs of other traditionally available processes, within the
same company or among different companies [1]. IS can be
a business opportunity for ecological innovation [2] and its
implementation can lead to lower production costs while in
parallel creating environmental and social benefits for the
involved companies [3,4]. For this reason, IS represents an
effective strategy which supports the transition to CE [5],
and the importance of IS is underlined in the Circular
Economy Action Plan from the European Commission
(EC) [6]. In addition, the European Green Deal, which is
the new agenda of Europe for sustainable growth,
represents a new strategy for a more sustainable manage-
ment of materials and resources and more rational
practices in waste management and recycling [7]. The
European Green Deal aims at achieving social prosperity,
resource efficiency and economic competitiveness in EU.
Supported and recommended by the EC [8], several
countries are committed to introduce IS in their agenda.
Clearly, for companies the main driver for adopting IS
practices is represented by potential economic benefits. On
the other hand, cooperation among companies can be
promoted and facilitated not only by economic drivers
(e.g., reduction of raw materials and waste costs, revenue
generation), but also by geographical, legislative and
political (e.g., regulatory pressure, landfill tax), technical,
operational, logistical, market related, and environmental
factors. However, a lack of awareness is still observed in
many companies in introducing IS-based approaches into
their business practices [9], although, over the last few
years, several contributions on IS business models have
been provided. On the other hand, IS development is still
hampered by environmental (e.g., national and interna-
tional constraints, low taxes for disposal, etc.), economic
(e.g., lower price of raw materials compared to industrial
by-products produced, low transportation costs), techni-
cal, regulatory/legal, organizational, social, and cultural
barriers. However, strategic actions can overcome such
barriers. Clear and consistent regulations and policies can
promote IS implementation. Economic incentives can be a
further driver, while facilitators play a key role in assisting
companies to set up cooperation and in organizing training
to employees [10,11]. Finally, research activities on
innovative technologies can provide new opportunities
and result in new jobs and new synergies among industrial
sectors [12].

Concerning IS implementation in different EIIs, the
steel sector can provide interesting examples of by-
products and energy transactions with other sectors [13].
Some residues from steel production processes can be
internally recycled, others can be used in other sectors (e.g.,
iron oxides and slags are used in Portland cement
production, while zinc oxides from the EAF process, can
be used as raw material in theWaelz process [14]). Iron and
steel slags are usually reused in cement production (e.g.,
BF slag, after fast cooling, results in a glassy and granular
material to be used for Portland cement production and
Ground Granulated Blast Furnace Slag (GGBS) is used in
cement concrete [15]). Furthermore, steel slags can be used
in soil amendments, such as in acidic soils by increasing pH
and in soft soils by improving their physical properties [16].
Among non-ferrous metals sector, the aluminum industry
is also fully committed to recycling practices for achieving
the full circularity, as aluminum can be recycled without
losing its original properties. This metal in Europe can
reach recycling rates over 90% (automotive and building
sectors), and 75% (aluminum cans) [17].

Together with the reduction of CO2 emissions and
wastewater, also the ceramic sector is committed to recover
and recycle production residues [18], which can be
internally used by saving other raw materials, avoiding
extraction, transport and use of large amount of natural
materials [19].

2.2 Energy efficiency

The European process industry, mainly represented by the
EIIs, is one of the largest energy users in EU. Over the last
few decades, the energy consumption has doubled, due to
both population growth and increased energy consumption
pro-capita. In particular, global energy demand increased
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by 2.1% in 2017, more than twice the growth rate in 2016,
and it is expected to further increase by 30% until 2040 [20–
22]. Currently 84% of energy production comes from fossil
fuels (i.e., oil, coal, and natural gas) [23], that are
responsible for more than 60% of worldwide emissions of
CO2, which is themain cause of the global warming [24]. On
this subject, the main challenge at the global level is to
reduce CO2 emissions by 80% until 2050 [25,26]. This goal
can be reached through drastic reduction of energy
produced by fossil fuels but also by implementing new
technologies for reaching energy efficiency practices. In
particular, the main challenge consists in implementing
low-carbon technologies and adopting renewable energy
sources to reduce greenhouse gas (GHG) emissions and
global warming. By using available technologies, 38% of
CO2 reduction can be achieved, while Carbon Capture and
Storage (CCS) and renewable energy technologies can
reduce emissions to 19% and to 17%, respectively [27].

On this subject, the EU regulations aim at reducing
emissions, improving EE and encouraging renewable
energy. The European Energy Union strategy is mainly
focused on economic competitiveness and sustainability
improvements as well as on emissions reductions and
energy efficiency improvement. This strategy includes also
the increase of supply security and job creation. On this
subject, EC provided the recent 2030 Climate and Energy
Policy [28] and the Energy Roadmap, which aims at
reducing 80–95% (compared to 1990) of GHGs emissions
by 2050 [29]. In addition, the EU’s 2020 strategy targets a
smart, sustainable and inclusive growth through climate
and energy efficiency [30]. Among European policies and
frameworks, the European Green Deal [7] also concerns
EIIs, including different key sectors, such as steel,
chemicals and cement. On this subject, EIIs are committed
to improve their performances through upgrade technolo-
gies or application of new ones. In addition, other
implementable measures include good management, edu-
cation and behavior changes. However, in the next few
decades EIIs are expected to increase their energy
consumption worldwide. For instance, in the steel and
chemical sectors, such increase could be due to both steel
production increase and limited applications of emerging
EE technologies. On the other hand, in the next decades
(2030 to 2040) energy consumption is expected to be
constant due to commercialization of breakthrough
technologies [31].

As far as other EEIs are concerned, the non-ferrous
metals production will decrease, as this sector does not
provide new investments in production capacity and does
not expand its production outside the EU. In addition, this
trend will be supported by the production increase of
secondary metal through improved recycling and recovery
of useful scrap metal. In addition, the nonmetallic minerals
sector is expected to remain constant by 2050. Lime and
ceramics will decline, glass will be stable, while cement
production will slightly increase [32]. For several EEIs
energy represents the highest production cost, such as for
ceramic sector. For this reason, in the next few decades,
further investments are needed within the EEIs to reach
the EE targets. However, some strategic sectors, such as
steel, are continuously committed to reduce energy
consumptions and to improve EE in its production
processes [33]. An example of EE procedures applied to
gas network management in steelworks consists in the use
of Machine Learning (ML)-based models to optimize gases
distribution, by considering possible interactions [34,35]. In
addition, Key Performance Indicators (KPIs) can be used
for monitoring gas management efficiency, and for defining
overall economic and environmental objectives [36].
Simulation tools based on KPIs assessment and Aspen
Plus

®

models [37,38] can be applied for improving the
sustainability of Electric Arc Furnace (EAF)-based steel
production [39]. The mineral sector is also committed to
reduce energy consumption in its production processes, to
promote EE initiatives [40] and to increase the use of
renewable energy sources [41]. The cement sector is
responsible of more than 5% of global emissions of CO2,
but also of SO2, NOx and other pollutants [42]. Here EE
improvements are mainly focused in decreasing energy
consumption and CO2 emissions, while preserving high
quality of production processes [43]. The ceramics sector is
also committed to process and product innovations
targeting at further reductions in the energy demands [44].
3 Structure of the questionnaire

The questionnaire developed inside SPIRE-SAIS to
investigate the current state of IS and EE in the European
Process Industry, includes a set of questions, but they
were not all mandatory. To avoid unnecessary answers,
some questions are shown to the respondent under
conditions of the previous question. Considering, for
instance, the question “Does your company apply
principles of the Energy Efficiency?”, if the respondent
answers “Not Yet”, he/she is not required to answer to the
following questions, such as “What is the current level of
Energy Efficiency in your Company?”. Conversely, the
respondent is asked to answer to other questions, which
aim at evaluating the awareness of potential benefits of EE
in the company. The questionnaire is articulated into four
main sections:

–
 Section I concerns the ongoing and foreseen implemen-
tation of IS and EE and the expected benefits. In this
section, two subsections are included. Each of them is
devoted to one of the covered topics, as companies might
also implement or foresee to implement solutions and
practices concerning only one of the two topics;
–
 Section II covers technical aspects, including envisaged
resource synergies, adopted tools, main actors and areas
involved in the ongoing or foreseen implementation of IS
and EE. Since companies could be involved or foreseen to
implement only one of IS and EE practices, similar but
separate questions address the two topics. These
questions are available to respondents, that have
answered positively to the first questions in Section I,
focused on the companies’ involvement in aspects of IS
and EE implementation;
–
 Section III concerns expected impacts of IS and EE on
workforce. This section includes not only general
questions, but also questions related to only one of the
two key topics;



Fig. 1. (a) Distribution of the respondents among the different sectors; (b) geographical distribution of the respondents.
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–

Fig. 2. Current levels of IS and EE implementation.
Section IV is related to the collection of general
information on the participants. Filling all the fields is not
mandatory, only the sector and the dimension of the
company represent the key information to be provided,
and no personal information is required, while the name of
the company can be provided only on a voluntary basis.

4 Results

Survey results are based on the analyzed sample including
65 valid answers and meaningful in terms of information
completeness. The recruitment of participants was carried
out both within the partners involved in the SPIRE-SAIS
project, who in turn sent it to other companies. Although
the sample was small, including 65 participants, a wide
range of perspectives in terms of general information (i.e.,
country of origin of respondents, company size and product
types) were covered. In particular, respondents come from
several European sectors of process industry (see Fig. 1a)
located in different countries, as shown in Figure 1b.
Although participants belonged both to big companies and
to Small and Medium Enterprises (SME), most of
respondents came from large companies and involved
different professional profiles. In particular, 57 companies
participated in the survey, belonging to the main involved
sectors, and representative of European process industries.
Participants were representative of the targeted sectors
and deeply involved in the main topics faced in the survey,
such as General Manager, Head of Industrial Process
Areas, Area Manager for Resources & Recycling and
processes, R&D Technician, R&D Manager, R&D senior
Technologist, Project Manager, HR Manager, Technical
Manager, Energy coordinator, Employee, Technician,
Project Manager, etc. In addition, different employees
from the same company could answer the Questionnaire.

4.1 Current level of Industrial Symbiosis and Energy
Efficiency implementations

According to survey results, within companies the current
levelofEEimplementationishigher thanISones,asshownin
Figure 2. IS is of growing interest over the last years, but not
so far developed and recognised within the companies yet.
However, many respondents showed how their companies
are committed to increase their efforts to implement both IS
and EE concepts in the next few years, by also paying
attention to investments in new technologies.

In the survey, barriers related on the application of IS
practices are considered. Results show that the main
barriers are related to cost of investments, integration of
regional stakeholders, regulatory issues, outdated plants,
infrastructure and equipment and cooperation challenges,
as shown in Figure 3.

In addition, other barriers have been identified, which
include administrative and regulatory issues related to
material classification for transportation purposes, lack of
real incentives for recycling ofmaterials, lack of capability of
industry to ensure a regular flow of material to recycle,
difficulties in establishing a fair distribution of the benefits
and costs across partners, andmaturity offinancial tools and
structures. Finally, at national level, mainly characterized
by small and medium-sized enterprises (SMEs), a further
risk is represented by the limited possibilities of SMEs in
investing in innovation/retrofitting. Therefore, cooperative
business models should be promoted and implemented.

Concerning EE, the main identified barriers for
companies are cost of investments and obsolete
plants, followed by cooperation challenges, working across



Fig. 3. Assessment of the barriers in the application of IS.

Fig. 4. Assessment of the barriers in the application of EE.
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different sectors and skills gaps (see Fig. 4). A further issue
is indicated in evolution of manufacturing and personnel
habits. In addition, the incorporation of new solutions in a
24/7 brown field situation can lead to disruptions and risks
for the continuous production.

4.2 Economic and environmental benefits

The expected economic benefits from the application of IS
practices mainly consist in reduction of costs for waste
disposal, increased sustainability of the production process
and increased overall competitiveness. In addition, the
reduction of water consumption, also representing an
environmental benefit, is highlighted as a further economic
benefit. The application of EE practices is expected to lead
to higher benefits related to overall energy efficiency and
increased sustainability and competitiveness. These results
are depicted in Figure 5, where the x-axis refers to the
percentage of the respondents that, due to the possibility to
multiple choice, selected different benefits. Other responses
mainly included the following economic benefits: “develop-
ing new professional skills” and “reduction of water
consumption”.

On the other hand, concerning the environmental
aspects, IS is expected to lead mostly to waste reduction,
whilst EE leads to GHG emissions reduction. The
application of both concepts is expected to reduce natural
resources depletion and ecological footprint, such as
depicted in Figure 6. Additionally it has to be mentioned,
that IS is more dedicated to the reduction of by-products



Fig.n 5. Expected economic benefits of IS and EE practices for companies.

Fig. 6. Expected environmental benefits of IS and EE practices for companies.

Fig. 7. Expected social benefits of IS and EE practices for companies.
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and raw material consumption than EE. In addition,
another environmental benefit mentioned is represented by
a “better integration of industrial production with social
civil society”.

4.3 Social benefits

Concerning social aspects, the implementation of both IS
and EE concepts in company’s activities is expected to
improve working conditions and provide benefits on green
skills (see Fig. 7). Further responses include “proud, young
workers” and “green image”. Furthermore, results show
higher expectations on IS about new jobs creation and
workers’ performance.

IS is also expected to improve the social perception of
industrial activities, whilst EE is perceived as a set of
activities leading to reduction of global environmental
impact. In addition, the participants think that applying IS
and EE concepts can produce both reduction of environ-
mental impacts and social benefits, such as new jobs and
benefits to the present and future community of their own
regions.



Fig. 8. Resource synergies involved in the application of IS and EE practices.

Fig. 9. Main tools/technologies adopted for the IS and EE implementation.
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The respondents belonging to companies already
involved in IS and EE practices consider that all the
resource synergies are significantly affected by IS, while EE
mostly affects energy flows, although it also affects other
flows. In addition, the smallest percentage includes water
use and CO2 emissions. This is shown in Figure 8, where y-
axis refers to the percentage of participants selecting each
resource, being multiple choices allowed.

Concerning tools and technologies that can be used for
implementing IS and EE practices the respondents’ choices
are mainly focused on Process Technologies and Digital
Technologies. They consider these technologies useful, as
their companies are already involved in such practices. In
particular, ICT tools are considered more relevant for EE,
while by-products treatment technologies are more rele-
vant for IS. The main tools and technologies adopted for
the IS and EE implementation are shown in Figure 9
(multiple choices were possible), where a further answer
refers to retrofitting of the lines.

The main actors involved in IS and EE practices are the
internal actors, such as Quality Managers and Energy
Managers, but more than 50% of participants think that
other industries in different sectors can play a relevant role.
Local actors are considered more involved in EE than in IS.
Other identified actors are the regulators. Furthermore,
the companies’ areas where IS and EE are largely applied
are the production process chain and the Energy Depart-
ment. The Environmental and Sustainability Departments
are also significantly involved, although mostly for IS
implementation.

4.4 Impact on the workforce

The survey concerned also the foreseen impact on
companies’ workforces after introduction or more active
implementation of IS and EE in the incoming 3–5 years.
Figure 10 shows that job increases are expected, especially
highly qualified profiles. Other identified impacts refer to
new research directions for development of emerging
technologies, such as digital processing methods (e.g.,
additive manufacturing, use of recycled materials for high
tech applications) and digital technologies, attraction of
young talents and development of new business lines, but
also higher workload. In general a broad set of skills is



Fig. 10. Needs for skills updating for the application of IS and
EE.

Fig. 11. Average percentage of different categories of workers
that are aware of the needs of IS and EE.

8 T.A. Branca et al.: Matériaux & Techniques 109, 504 (2021)
needed. In particular, skills that mostly need to be updated
in the incoming 3–5 years are specific job-related skills,
digital, green and personal skills. Other identified skills are
regulatory skills and entrepreneurship.

Within the different working categories, compared to
other Employees, Managers and Technicians are consid-
ered more aware of the needs of IS. In average more than
50% of the workers in all the categories are considered
aware of the needs of EE, and such percentage is
particularly high for Managers (see Fig. 11). The overall
awareness of the needs of EE appears to be higher than the
awareness of the needs of IS.

4.5 Training programs on IS and EE

Concerning the training programs, the survey results show
that no specific training programs are present in the
participants’ companies, especially on IS but also on EE.
47% of respondents declare that, over the last 12months, in
their companies no employee participated to trainings that
strengthened his/her skills or provided knowledge related
to IS. On the other hand, only 26% of respondents provide
the same declaration concerning EE.

The survey shows that the level of skill of the
companies’ employees is generally lower for IS than for
EE (see Fig. 12) and especially for IS it is often not known.

The respondents declaring that the level of skills of the
employees is middle or high consider training on the job
and non-formal training as the most common activities for
improving skills, as shown in Figure 13. None of the
participants declared that the employees received skills on
IS by employing formal vocational education and training
(VET) processes. In addition, the smallest percentage
identified concerned “with implemented projects” as a
further adopted mean to acquire skills.

The respondents perceive that relevant skill demands
are faced due to IS implementation for any workers
category. In addition, as shown in Figure 14, such demand
is slightly higher for Technicians.

To adjust the above-mentioned skill gaps the main
means considered by the respondents are internal and
external training measures (see Fig. 15). Not to forget,
about one third are also looking for recruiting new people.
In addition, a small percentage indicated also “training on
the job” and “I do not know”.

Concerning EE, the skill demands faced by companies
are considered relevant for any workers category. Never-
theless, this demand is slightly higher for Managers (see
Fig. 16). The main means considered suitable to adjust the
skill gaps are internal and external training measures, such
as shown in Figure 17. A bit lower than in EE about 25% of
the respondents are looking for recruiting additional staff.
Finally, the smallest part of respondents answered “I do not
know”, “No” and “with implemented projects”.

5 Conclusions

The analysis of the results of a public survey carried out in
the early stage of the ongoing project SPIRE-SAIS allowed
identification of significant trends and perceptions on
current achievements in IS and EE in EIIs. IS and EE are
receiving increasing attention in the companies and are
perceived as opportunities, as they can lead to different
kinds of benefits. The perceived level of implementation is
higher for EE rather than for IS, but companies are
committed to increase their future efforts toward both
topics.

Some barriers for the implementation of both concepts
were identified; not all workers are aware on how to
implement IS and EE practices and solutions, although
both concepts are perceived to generate skill demands in
any category of workers. In particular, the resulting
barriers for IS are:

–
 cost of investments;

–
 integration of regional stakeholders,

–
 regulatory issues;

–
 outdated plants, infrastructure and equipment;

–
 cooperation challenges.

On the other hand, the main barriers for EE are, as
follows:

–
 cost of investments;

–
 outdated plants;

–
 cooperation challenges;

–
 working across different sectors;

–
 skills gaps.

The survey results show that the levels of skills of the
company employees are generally lower for IS than for EE.
In addition, training measures, which are implemented by



Fig. 12. Perceived level of skills of the company’s employee on IS and EE.

Fig. 13. Adopted means to acquire skills on IS and EE.

Fig. 14. Perceived skill demands because of IS.
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companies, are presently mostly not formal and unstruc-
tured. It was highlighted that in order to fill the emerging
and future skill gaps the main solutions are identified in
internal and external training activities. In the next 3–
5 years the skills that mostly need to be updated are
identified in specific job-related skills, digital, green and
personal skills, while other useful identified skills are
regulatory skills and entrepreneurship.

Finally, expectations and demands of the survey
respondents are not only confirmed by the state-of-the-
art on the IS and EE in EIIs, but also fully in line with goals
and initiatives pursued within the SPIRE-SAIS project.

In the future, to increase their competitiveness in
Europe, EIIs should invest not only in new technologies for
implementing IS and EE activities, but also in measures to
adjust the related required skills. This will help to unfold
the potential of new IS and EE solutions in the companies
by improved skills, competences and experiences of the
workforce as experts of the workplaces. Therefore, a long-
term pro-active skills strategy can allow companies as well
as VET institutions adjusting their training programs.
Attracting and retaining talented people as well as
identifying and anticipating skills will represent the goal
for making EEIs smarter, more inclusive and more
sustainable.



Fig. 15. Means to adjust skill gaps related to IS.

Fig. 16. Perceived skill demands because of EE.

Fig. 17. Means to adjust skill gaps related to EE.
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