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Executive Summary 

In order to get a common perspective on the Blueprint and the integration of the different sec-

tors and stakeholders, SPIRE-SAIS analysed the current state of implementation of industrial 

symbiosis and energy efficiency concepts in the European process industry and the related 

skills needs. 

Cross sectoral developments of Industrial Symbiosis (IS) to be considered are not only the 

use of recycled products and transformed materials but also transaction services between in-

dustries offering new (common) market solutions, business and cooperation models (for re-

ducing production costs, implementing new jobs, and including external customers). Addition-

ally, data management opportunities allowing product customization, new decision and man-

agement tools to improve industrial symbiosis are in place. Another dimension is the sustain-

able development in a region, guidance to local and regional authorities and promotion of pub-

lic dialogue processes to ensure regional action plans as well as interregional learning and 

capacity building. 

Energy Efficiency (EE) developments are focusing on new technologies, systems and syner-

gies among companies to optimize energy consumption and production to reduce the use of 

fossil fuels and the carbon footprint of industry as well as investment, maintenance, and man-

agement costs of the energy infrastructure. Technology transfer and application is taking ad-

vantage of the best available technologies including digitalisation, integrated control systems, 

artificial intelligence, consumption measurement and preventive maintenance. Replicable in-

struments for energy cooperation, business models, joint energy services for industrial parks 

are elaborated. Amendments to existing regional/national/EU policies and legal frameworks to 

simplify energy cooperation/services at all governance levels are in place as well. 

Related to these technological and economic developments the workforce adjustment for In-

dustrial Symbiosis and Energy Efficiency is mainly characterised by multidisciplinary ap-

proaches, based on green and digital skills and new skills to manage the complexity of cross-

sectorial cooperation in IS and EE implementation. The pro-active skills strategy has to con-

sider technical as well as soft skills for mainly incremental and complementary upskilling of 

existing occupations and job profiles, taking also into account additional job profiles (such as 

the IS Facilitator). Skills demands for Energy Efficiency have a lower level than for Industrial 

Symbiosis (higher demand). Managerial (business and regulatory) and operational skills (tech-

nical, transversal/individual) are needed. 

Against this background, industry driven skills demands were defined by the sector associa-

tions and companies involved in SPIRE-SAIS by examine the range of essential Job Profiles 

and skills, knowledge and experience that workers need to adopt energy efficiency and indus-

trial symbiosis in daily work in the different industry sectors. Based on the main facts and fig-

ures and the organisational flow charts in different sectors, job profiles related to Industrial 

Symbiosis were selected and grouped, equivalencies with occupations of the ESCO database 

and ISCO groups were identified, while related skills were selected and grouped to a sector 

overarching skills classification added by a first skills assessment template. 

Important results and impact for the Blueprint from the VET Perspective are the low educators' 

readiness for teaching green skills effectively, a poor evidence base to assess and replicate 

good practices and courses, a missing cross-sectoral IS/EE module to be integrated in different 

occupational trainings, including didactic materials and guidance for education providers, as 
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well as a uniform skills recognition system. Another important barrier is the lack of a coherent 

policy: fragmentation of the responsibility for green skills delivery and a missing overarching 

strategy, funding tends to be fragmented and short-term. With a combined matrix of cross-

sectoral IS and EE skills, SPIRE-SAIS tends to “connect” different concepts used in the SPIRE-

SAIS project including job profiles, occupations, and qualifications and to identify how IS and 

EE related skills needs are addressed in relevant VET programmes. The matrix is expected to 

be mostly useful to the representatives of the industry and VET providers (e.g. interlinking 

circular job profiles with national occupations). 

The SPIRE-SAIS Blueprint is taking up these results by the establishment of a Skills Intelli-

gence Hub including a Foresight Observatory and a European Training Community for Indus-

trial Symbiosis. These core elements are integrated and aligned with the broader European 

Community of stakeholders, programs, tools, and projects related to skills. Leadership will be 

defined in an Open Coordination way, dividing responsibilities between the main and willing 

actors. Within the Foresight Observatory technology and skills foresight will be done on a reg-

ular basis, among other activities via a (bi-)annual survey "Industrial Symbiosis Technology 

and Skills Radar". Recommendations, self-assessment tools, indicators and incentives will be 

developed pushing the focus on qualifications, competences and skills for Industrial Symbiosis 

and Energy Efficiency. A repository will give an overview about IS and EE relevant research 

and education projects, pilot measures and test possibilities will be supported, including look-

ing for (European and national) funding schemes. An Online Training Platform will be estab-

lished, as well as the coordination of industry image campaigns for recruitment and talent at-

traction. 

The consortium and associated partners of SPIRE-SAIS bring together the full range of stake-

holders required to establish a sustainable cross-sectoral strategic Skills Alliance, covering all 

SPIRE sectors and scoping directly twelve European Countries from Northern, Eastern, West-

ern and Southern Europe. However, via its sector associations we cover all the European 

Member States with Energy Intensive Industries. This ensures a European-wide rollout of the 

SPIRE-SAIS Blueprint engaging with national VET systems and cross-sector European frame-

works. The partnership includes key industrial associations of all engaged sectors (Chemicals, 

Steel, Minerals, Aluminium, Water, Engineering, Ceramics, Cement, Refinery, Pulp & Paper), 

and other key actors (companies, training providers and research institutions) involved in ac-

tual and forthcoming projects of industrial symbiosis, energy efficiency and VET (skills and 

qualification needs and solutions). The partnership (consortium and associated partners) is 

based on and feeds the HORIZON 2020 Public Private Partnership SPIRE 

(www.spire2030.eu/) with more than 140 members (companies, training providers, research 

institutes) encompassing and coordinated by A.SPIRE, the co-leader of SPIRE-SAIS.  

SPIRE-SAIS Blueprint is not planned as a stand-alone solution. The Blueprint strategy is led 

by a cooperative and division of responsibilities and leadership approach. Therefore, the SIHub 

and the European IS Training Community will be aligned or support European activities related 

to European Energy Intensive Industries: 

• Sustainable Process Industry through Resource and Energy Efficiency (SPIRE) and its 

recent activities, namely "Processes for Planet" (P4Planet) (see A.SPIRE, 2021) and its 

governance structures and working groups 

• Central stakeholder groups (social partners, sector associations and unions, policymakers, 

education system players, etc.) 

• The planned CSA European Community of Practice for Industrial-Urban Symbiosis and 

Regional Hubs for Circularity and Industrial Urban Symbiosis 

http://www.spire2030.eu/
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• European networks and projects: e.g. the CircLean Network and Circle Economy, the IN-

SIGHT project results for establishing the profile/occupation of the IS Facilitator 

• European programs: European Pact for Skills; CEDEFOP Skills Intelligence Platform; Eu-

ropean Skills, Competence, and Occupation Database (ESCO) 

In this sense, we see skills as a missing link for industrial symbiosis of the different sectors, 

open up a common ground for collaboration beyond competitiveness, and unfold the potential 

of new technologies and measures for Industrial Symbiosis and Energy Efficiency at the com-

pany workplace, closely interlinked with the workplaces of other companies. 

SPIRE-SAIS is aiming at establishing a European Training Platform connected with or inte-

grated in the forthcoming European Community of Practice (ECoP) integrating training for hubs 

for circularity (H4C). Within its European Training Platform for proactive skills assessment and 

adjustments an effective and sustainable forum will analyse continuously and proactively skills 

gaps. The Online Training Platform will provide up-to-date support and knowledge to energy 

intensive industries by collecting and developing up to date training modules and tools, related 

to the H4C regions in Europe. We are looking at regional training ecosystems for IS and EE: 

including public authorities and policy, big companies and SMEs, social partners, educational 

organisations and training providers, as well as civil society (organisations). Via the ECoP, a 

connection and networking of regions with H4C not only for exchanging tools and knowledge 

across regions is guaranteed, but also mutual learning, not reinventing the wheel several times 

new.  

Together with the ECoP, suitable European regions for the SPIRE-SAIS Blueprint Rollout strat-

egy will be identified, reaching out for high Symbiosis Readiness Levels (SRL) based on skills, 

competences and qualifications. Within a comprehensive concept, we aim at an interplay be-

tween actors from different industry sectors at local, regional, national and European level. 

Common stakeholder workshops at the regional level combining and improving technological 

and social readiness will set new impulses, creating new industrial opportunities and overcome 

(social) challenges (including learning arrangements for solving technical and non-technical 

problems; improving the capabilities of the enablers/facilitators of Industrial Symbiosis and En-

ergy Efficiency). 

Due to the cyclic concept and social innovation process of SPIRE-SAIS, all the existing ele-

ments, deliverables, tools, and measures will be further developed and improved by new in-

sights. Databases and repositories will be added with new elements within the next years 

(2022/23). Namely a further job profile related skills assessment (skills gaps, current and future 

proficiency levels) and a job profile database improvement (connected with ESCO/ISCO oc-

cupations and the related VET database) will take place. 

Within the first implementation and testing phase 2022, the necessary parameters for a sus-

tainable integration and alignment of SPIRE-SAIS and its main elements (SIHub and Training 

Platform) within the described existing European and national/regional structures will be elab-

orated, establishing interrelated Alliances and Leadership on the European and sectoral level, 

fostering joint Blueprint activities and setting the ground for a national/regional rollout.  

Special attention has the organisational integration and sustainable running of the Training 

Platform. Furthermore, we will examine in how far the pilot training tools, measures and ar-

rangements are reaching out to the target groups, in how far they have to be improved, ad-

justed or (if necessary) generally changed. Within this test environment, additional, more spe-

cific and further needed training offers will collected and integrated, including didactical 

measures combining on the job with online training. 
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The Skills Intelligence Hub for Industrial Symbiosis (SIHub) will bundle all the necessary activ-

ities to (a) monitor and evaluate regularly technological and economic developments and re-

lated industry skills requirements for Industrial Symbiosis (Foresight Observatory, Technology 

and Skills Radar) and (b) to ensure the alignment and support the European IS Training Com-

munity, engaging and supporting companies, training and education providers, associations 

and social partners, public education authorities to find their place in the SPIRE-SAIS Skills 

Alliance. 

For the test and rollout phase 2022/23, an implementation (Deliverable D6.1) and exploitation 

plan (Deliverable D6.3) will be developed setting the ground for the sustainability of the Blue-

print Alliance and gathering first experiences of rollout strategies and possibilities at sectoral, 

national and regional level. Beside the European (SPIRE and its sector associations) the re-

gional level in line with the ECoP and Hubs for Circularity of the new SPIRE program “Pro-

cesses for Planet” will be of high relevance for SPIRE-SAIS. 
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1 Introduction 

This description of the SPIRE-SAIS Blueprint Prototype is based on the project results con-

cerning technological developments, industry skills requirements, Vocational Education and 

Training System (VET) support, and first outlines of a training framework (incl. upskilling 

schemes and training offers) as well as recruitment and image strategies. Summarising the 

results from the perspective of a comprehensive and interrelated European Skills Strategy and 

Alliance to support and improve Industrial Symbiosis and Energy Efficiency by proactive skills 

adjustment, we will integrate the outcomes so far in a common picture (Prototype). Reflecting 

the background and its programmatic orientation, the Blueprint Prototype will outline its rele-

vant elements and related strategies, tools, implementation and rollout concept. 

1.1 Background 

In line with the European New Skills Agenda, the Pact for Skills and the series of Sectoral 

Blueprints the main objective of the project is to develop a blueprint “European Energy Inten-

sive Industry Skills Agenda and Strategy (SPIRE-SAIS)” for an ongoing and short-termed im-

plementation of new skills demands concerning cross-sectoral industrial symbiosis (IS) and 

energy efficiency. Against this backdrop, the implementation of the SPIRE-SAIS Blueprint 

strategy was performed already in its proposal phase as a Cross-Sector Skills Alliance on 

Energy Intensive Industries starting a (social) innovation process by involving a broad range 

of key stakeholders from the eight sectors of the public-private partnership SPIRE (Sustainable 

Process Industry through Resource and Energy Efficiency): Steel, Chemicals, Minerals, Non-

ferrous Metals, Water, Engineering, Ceramics, and Cement - during the course of the project 

completed by two new SPIRE sectors: Refinery and Pulp & Paper. This alliance of related 

sector associations, technology platforms, training providers, and research partners is charac-

terised by a huge competence based on a long list of projects for energy efficiency, industrial 

symbiosis (IS) and related Vocational Education and Training (VET) they are engaged in. Up 

to now 13 associated partners are joining the 24 partners of the consortium, showing the high 

interest of the industries and setting the ground for addressing industry sectors overarching 

skills demands and challenges, focusing particularly on people and skills necessary for the 

implementation and improvement of industrial symbioses and energy efficiency. 

Two principal objectives are supported by an underpinning strategy framework: 

1. Proactive identification of skill needs and demands for building appropriate training and 

curricula, including new vocational education content and pedagogies across the sec-

tors (thus enabling mutual recognition of skills and training), within both companies and 

education and training institutions. 

2. Identification, development and promotion of successful sectoral recruitment and up-

skilling schemes, including a first training framework for efficient management of 

knowledge towards high skilled workers, and tackling recruitment difficulties (e.g. in-

dustry attractiveness) for widening the talent pool and establishing a more diverse 

workforce. 

These two objectives are reinforced by: 

1. Establishing a database of industry occupations, job roles and skill requirements for 

facilitating recruitment, job-seeking, skills and training provision at the local, member-

state and EU sector level, and skill needs analysis. 
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2. Securing political support measures through the Skills Alliance for mobilising and inte-

grating (sector) stakeholders and policy makers at the EU and member-state level. 

3. Developing Key Performance Indicators (KPIs), within the remit of an established Skills 

Alliance, for monitoring success continuously in respect of objectives (1) and (2), as 

well as the proactive adjustment of SPIRE-SAIS for addressing emerging challenges, 

including monitoring issues. 

To reach these objectives, a common ground of the partnership for “intercultural” exchange 

between the different industry sectors and the different qualification levels (blue and white col-

lar, and green skills as overarching issue) within a common social innovation process of co-

creation and mutual learning was initiated. To ensure cross-sectoral cooperation a Steering 

Committee “Sector Responsible” comprising all the SPIRE sectors (including also representa-

tives of two new sectors: Refinery and Pulp & Paper) was established as a central communi-

cation and dissemination intersection to improve and exploit the project results, to campaign 

awareness for cross-sectoral energy efficiency and industrial symbiosis and needed skills. 

To reach these objectives, the work programme of SPIRE-SAIS (see Figure 1) is based on the 

analysis of the technological and economic developments in the involved industry sectors. 

Against this backdrop, a reliable and up-to-date setting for implications for the following work 

packages on industry skills requirements and VET system contexts and support is guaranteed. 

These three building blocks are feeding into the Blueprint development to be transferred and 

implemented. On the background of the results of all the building blocks (mainly the blueprint 

and its implementation), policy recommendations are elaborated and dissemination activities 

are planned and conducted. Within a social innovation process including two iteration cycles 

the Blueprint Prototype will be implemented and tested in 2022 involving all the represented 

stakeholders. Based on the practical insights of the Prototype testing the underlying subject 

areas (technological development, skills requirements, and VET system support) will be up-

dated with new developments, all in all leading to an improved Blueprint which will be finalised 

in 2023. 

 

Figure 1: Structure and Work Programme of SPIRE-SAIS. 
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1.2 Programmatic Orientation and Blueprint Outline 

The SPIRE-SAIS Blueprint is driven by the industry perspective as the core of our activities. 

Additionally, it is dedicated to combine technological and social innovation in a human-centric 

approach as described in the DG R&I Policy Brief Industry 5.0 (European Commission 2021, 

p. 2): "Against the backdrop of the implementation of the broad range of Industry 4.0 technol-

ogy the workers are confronted with changing roles and increased reliance on complex tech-

nologies. Upskilling of the workforce includes therefore also workers empowerment, challeng-

ing their traditional education life cycle of training, work and retirement. Technological devel-

opment has to be complemented with the cognitive, experience and practical based skills of 

the workers, already in the technological innovation development phase - leading to more re-

sponsibility for and increased supervision of the production process, advanced "collaboration" 

between humans and robots." "Rather than asking the industry worker to adapt his or her skills 

to the needs of rapidly evolving technology, we want to use technology to adapt the production 

process to the needs of the worker, for example to guide and train him/her." (European Com-

mission 2021, p.14) 

Against this backdrop, skills are seen as an important enabler and missing link for industrial 

symbiosis, developing and establishing a common ground for cross-company and cross-sec-

tor collaboration beyond competitiveness for the sake of the environment. Taking up this chal-

lenge, SPIRE-SAIS as the only industry sector overarching Blueprint so far is developing a 

common Blueprint Prototype focusing on a cross-sectoral perspective of new or updated skills 

for industrial symbiosis and energy efficiency by combining the demand with the supply and 

coordination of skills adjustment: 

A. The demand side (chapter 2): 

• Observing continuously (within a biannual period) the technological and economic de-

mands and its related skills requirements (see section 2.1) 

• Ensuring an industry driven and defined skills adjustment by a generic skills and central 

job profiles classification (section 2.2) 

• Aligned to existing VET system occupations as much as possible (section 2.3). 

B. The supply side (chapter 3): 

• Setting-up strategies and measures to ensure proactive and sustainable skills adjustments 

across and in the different industry sectors by:  

1. Establishing a Skills Intelligence Hub (SIHub) with a Foresight Observatory and 

Survey (Industrial Symbiosis Technology and Skills Radar) (section 3.1) 

2. Creating a training platform for (new) training offers and appropriate learning ar-

rangements (see D5.1; Almeida et al., 2021), including (section 3.2): 

1. a repository or exchange platform of training courses for Industrial Symbio-

sis and related Energy Efficiency 

2. possibilities for pilot measures and tests (by taking advantage of European 

and national/regional funding opportunities: Horizon Europe, Processes for 

Planet, Erasmus+, ESF+, EFRE, and others) 

3. incentives and/or awards for generating good/best practice 

3. Initiating and fostering image, recruitment, talent management strategies and cam-

paigns to attract more (young) people for the process industry (section 3.3) 
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C. The coordination side: 

• To sustainably run the Blueprint, new alliances and governance structures (chapter 4) have 

to be aligned with existing European SPIRE coordination and sector structures (A.SPIRE, 

sector associations, social partnership), assigning leadership for the specific elements of 

the Blueprint on the European (cross-sectoral and sectoral) and national/regional level 

(sectoral, Hubs for Circularity). This will lead to improving the level of cooperation between 

associations and social partners, companies, training providers and other stakeholder 

groups for fostering the perspective of Human Resources as an enabler for technological 

development, implementation and exploitation (at the workplace). 

• For the implementation and rollout of the Blueprint we will seek a close cooperation with 

the planned European Community of Practice (ECoP) for Industrial Symbiosis and Hubs 

for Circularity, by bringing in our Human Resources and Skills perspective.   

With this collaboration we are looking for combining the European SPIRE-SAIS activities 

with the most important Hubs for Circularity on the regional level.   

Additionally, we will integrate the Blueprint in relevant activities on the European level (New 

Skills Agenda, Pact for Skills, Cedefop's Skills Panorama and Skills Intelligence Platform, 

and others). Beside the planned European-Regional cooperation within the ECoP the fur-

ther roll-out of the Blueprint is concentrating on sector associations, including VET system 

support of the member states, done in a common action with the Pact for Skills and other 

sectoral industry Blueprints (batteries, steel, automotive, construction, and others), as far 

as this is feasible and possible. 

 

Figure 2: Outline of the SPIRE-SAIS Blueprint 

The holistic and industry driven approach is represented on the demand side by a Technology, 

Economy, Environment, and Societal Driven Skills Adjustment as the genuine driver of new 

applications (implemented with specific company objectives) and collaboration measures, 

leading to organisation implications. The triangle of technology - organisation - human is 

the frame for defining the new skills needs. The supply side is reflecting (a) the assessment of 

the affected industry job profiles within the related production and functional areas as well as 

the affected industry occupations (of the education system) and (b) related (private) training 



SPIRE-SAIS: Prototype of the Blueprint (Deliverable 5.2) 

15 

offers and education system support (via curricula of initial and continuous VET, tertiary edu-

cation, aiming to identify gaps in the provision of certain skills categories). Especially from a 

recruiting perspective the ground for a better industry image and attractiveness and basic in-

dustrial skills has to be uptaken as early as possible by pre-VET education (Kindergarten, 

primary and secondary schools). 

 

Figure 3: Demand and Supply Side 

To ensure sustainability of SPIRE-SAIS and the integration of the different sector perspectives, 

the process of developing and implementing the Blueprint is organised as a social innovation 

process, integrating relevant and intrinsic motivated stakeholders of different areas and prove-

niences (companies, research institutions, training providers, associations and social partners, 

civil society organisations) right from the beginning of the project in the consortium (including 

associated partners, willing to participate on their own costs). Starting with the challenge of 

adjusting industrial symbiosis and energy efficiency skills needs because of new technological 

and economic developments, environmental and societal demands, the idea of a sectoral 

Blueprint funded by the Erasmus+ program was taken up, leading to the intervention of setting 

up a first European Skills Agenda and Alliance on Industrial Symbiosis and Energy Efficiency 

with interested stakeholders from companies, research, training providers, social partners 

(steel associations and unions), testing and improving the developed Blueprint in a cocreation 

process during an implementation phase, and setting the claims for institutionalisation and 
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impact right from the beginning. Because of changing social practices, such a social innovation 

is not expecting a linear development process, iterative and cyclical feedback loops are 

planned and taken into account, ensuring an upgrading of the interventions and implementa-

tion of the Blueprint (see figure below). 

 

Figure 4: Blueprint Development and Implementation as a Social Innovation Process 

2 The Demand Side: Industry Driven Skills Demands 

As already described in the beginning and shown in Figure 3,  SPIRE-SAIS is looking at the 

demand and supply side for skills adjustment. The demand for proactive skills adjustments 

concerning cross-sectoral industrial symbiosis and energy efficiency is characterised by (a) 

the technological and economic developments and (b) the industry / company requirements of 

the different energy intensive industry sectors, listed in the following chapters. 

2.1 Technological and Economic Demands and Skills Requirements 

The analysis (see in detail D2.1; SPIRE-SAIS, 2021) of the current state and future trends of 

the implementation of Industrial Symbiosis (IS) and Energy Efficiency (EE) concepts in Euro-

pean process industries, including the transactions of energy and material flows, has been 

done by (past and ongoing) funded EU projects, scientific literature, and official and public 

documents of the relevant SPIRE sectors (Iron and Steel, Chemical, Non-ferrous Metals, Min-

eral, Water, Cement, Ceramics, Cement and Waste treatment). In addition, the effects of IS 

and EE on the workforce have been considered if integrated in the documents, also including 

training/education projects: Generally providing a first basis for a complete state-of-the-art on 

IS and EE implementation in process industries. The desktop analysis was completed by an 

online survey giving direct insights from the companies. Summarising the results different chal-

lenges for Industrial Symbiosis and related Energy Efficiency appear for the Blueprint strategy 

and its Prototype.  
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2.1.1 Technological development 

Industrial symbiosis is aiming at optimizing resources usage and reducing the quantity of by-

products/waste generated in a “closed loop” in order to improve the environmental and eco-

nomic performances. The involved symbiotic transactions include: waste utilisation as inputs 

of other industries, transactions of utilities or access to services, and cooperation on issues of 

common interest. These result in higher energy efficiency and in achieving higher results in 

the 4R (Reduce, Reuse, Recycle and Restore) approach for waste management. The creation 

of synergies among companies can allow developing successfully industrial symbiosis as well 

as providing benefits to all parties. In this process, companies develop a trust bond facilitating 

the supply resources. On the other hand, implementation of the symbiosis network can also 

produce some problems for companies. Synergies involved by different industries can reduce 

the vulnerability of the network, increase its robustness, and reduce the possibility of failure. 

There is a strong ally for the achievement of environmental, economic and social objectives. 

In addition, the large number of recent activities focused on IS in the different analysed sectors 

have shown, although this process started in the last few decades, this ongoing process is 

growing rapidly. Ongoing and future researches on industrial symbiosis are focusing on the 

impact quantifications and existing synergies improvements as well as on the creation of new 

symbioses. Furthermore, it is important to overcome barriers and to quantify the total impact 

of this practice on companies, the environment and society, by considering different charac-

teristics of the network and particularities of the region involved. This will result in decision-

making methods for further and final decision-making process. 

Energy Efficiency activities highlight the improvement of solutions for the reduction of energy 

utilization and environmental impact, and cost savings. Case studies and projects have been 

shown the methods for energy analysis and optimization, by analysing the suitability of energy 

strategies within Energy Intensive Sectors. As sources of energy losses considered as a waste 

for a company could be a valuable resource for another one, it is important to identify and to 

implement the use of techniques and technologies for the production, use and recovery of 

energy. Synergies among companies can lead to the optimization of energy consumption and 

common production to reduce the use of fossil fuels and, consequently, the carbon footprint of 

industry as well as the investment, maintenance, and management costs of the energy infra-

structure. This has been shown in some cases, such as the steel sector, by the reduction of 

product life cycle energy use and emissions through improving product design, recovery and 

reuse, remanufacturing and recycling. The cooperation among different industrial sectors can 

help overcome the lack of technical knowledge regarding low carbon and renewable technol-

ogies as well as cost savings. In addition, the main challenges identified by this analysis have 

highlighted further improvement in energy efficiency. For instance, in the steel sector, best 

available steelmaking processes have optimised energy use. In the future, energy efficiency 

improvements in Energy Intensive sectors are expected through technology transfer and by 

applying best available technology. In addition, a suitable energy system model should include 

the following features: multi-objective optimization, in order to facilitate minimisation of both 

costs and carbon emissions; the technology description at unit level; sufficient temporal detail, 

showing energy demand; energy storage technologies and flexible energy demands; the sys-

tem superstructure, enabling the introduction of energy service demand or energy production 

technology. 

Cross sectoral developments of Industrial Symbiosis to be considered are not only the use 

of recycled products and transformed materials as raw materials for manufacturing new prod-

ucts but also (product, network, private and public) transaction services between industries 
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offering new (common) market solutions, business and cooperation models (for reducing pro-

duction costs, implementing new jobs, and including external customers). Additionally, data 

management opportunities allowing product customization, new decision and management 

tools to improve industrial symbiosis are in place. Another dimension is the sustainable devel-

opment in a region, guidance to local and regional authorities and promotion of public dialogue 

processes to ensure regional action plans as well as interregional learning and capacity build-

ing. Energy Efficiency developments are focusing on new technologies, systems and synergies 

among companies to optimize energy consumption and production to reduce the use of fossil 

fuels and the carbon footprint of industry as well as investment, maintenance, and manage-

ment costs of the energy infrastructure. Technology transfer and application are taking ad-

vantage of best available technologies including digitalisation, integrated control systems, ar-

tificial intelligence, consumption measurement, and preventive maintenance. Replicable in-

struments for energy cooperation, business models, joint energy services for industrial parks 

are elaborated. Amendments to existing regional/national/EU policies and legal frameworks to 

simplify energy cooperation/services at all governance levels are in place as well. 

2.1.2 Workforce Development 

Related to these technological and economic developments, the workforce adjustment for In-

dustrial Symbiosis and Energy Efficiency is mainly characterised by multidisciplinary ap-

proaches, based on green and digital skills and new skills to manage the complexity of cross-

sectorial cooperation in IS and EE implementation. The pro-active skills strategy has to con-

sider technical as well as soft skills for: 

• Industrial Symbiosis skills: communication and information, co-creation and cooperation 

with other sectors and local stakeholders and authorities, managing diversity to involve 

different stakeholders, materials and recycling know-how, fostering financially attractive 

paths with a strong positive impact on the environment. 

• Creating IS facilitator profiles: esp. new skills for networking, collaboration, system think-

ing, legislation (environmental economics & policy), special skills for waste & recycling, 

environmental improvement, entrepreneurship, financial, marketing and management 

skills, Material Flow Analysis & Life Cycle Assessment, Marketing, and IT skills. 

• Energy Efficiency: green skills for the transition to a low-carbon economy; skills to man-

age managerial and technological changes, specific sectoral skills, integration of energy 

efficiency into daily operational practice in a continuous process, requiring additional skills, 

and interdisciplinary knowledge related to: energy management, renewable energy 

sources; energy auditing, building and facility management; energy trading, economics, 

financing, production planning and maintenance. 

2.1.3 Survey Results 

Additional to the desk research, the company survey across the different sectors (see in detail 

D2.1; SPIRE-SAIS, 2021, pp. 121) reflects that the current level of technological implementa-

tion (focusing mainly on process, digital, by-product quality improvement technologies, the pro-

duction process chain and specific energy and sustainability departments) is higher for energy 

efficiency rather than for industrial symbiosis, although companies perceive both as an im-

portant opportunity emphasising their efforts in the future towards these topics. Compared with 

the implementation level, the level of skills is stated to be generally lower for industrial symbi-

osis than for energy efficiency (see Figure 5). 
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Figure 5: Technological Implementation and Level of Skills 

By implementing industrial symbiosis and energy efficiency the company expect not only a 

broad range of economic benefits (mainly more efficiency and reduction of costs, increasing 

sustainability and competitiveness) but also an improvement of green skills and performance 

of the workforce as well as new jobs and professional figures. Barriers belonging to implemen-

tation practices and perception of solutions and the generation of new skill demands in any 

category of workers. Main barriers are cost of investments, working across different sectors, 

integration of regional stakeholders, regulatory issues, outdated plants, infrastructure and 

equipment, cooperation challenges, and skills gaps (see Figure 6). 
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Figure 6: Importance of Barriers Faced for the Implementation of IS and EE (see detailed fig-

ures in the Annex 7.5) 

As skills gaps are for about one third of the respondents an (very) important barrier, the current 

training measures implemented by companies are mostly not formal and unstructured. Emerg-

ing and future skill gaps will be overcome by internal and external training (see Figure 7). While 

a higher workforce performance is needed in both areas (EE and IS), the almost incremental 

upskilling is complemented by new jobs or professions especially in IS. The skills that mostly 

needed to be updated in the incoming 3-5 years are identified in specific job-related skills, 

digital and personal skills. Other useful skills identified within the survey are regulatory and 

entrepreneurship skills. Especially low and middle level skills need to be updated. 
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Figure 7: Skill Improvement Strategies 

To sum up the results of the technological, economic and related skills review the Blueprint 

Prototype should focus: 

• Extending the 4R approach to the 5R concept by adding "re-education": Reduce, Reuse, 

Recycle, Restore, and Re-educate (as done in the project 5REFRACT) 

• Mainly on an incremental and complementary upskilling of existing occupations and job 

profiles (see Figure 8), but taking also into account additional new job profiles (such as the 

IS Facilitator) 

• Differentiating between skills for Energy Efficiency (lower level demand) and for Industrial 

Symbiosis (higher demand) 

• Managerial (business and regulatory) and operational skills (technical, transversal/individ-

ual). 

https://www.life5refract.eu/en/
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Figure 8: Complementing and Upskilling Existing Occupations are in Focus of SPIRE-SAIS 

Due to the higher number of affected existing job functions and occupations, SPIRE-SAIS is 

focusing on incremental skills adjustments, expecting a middle change of existing skills and a 

middle up to high number of jobs. Additionally, there will be a few new job profiles or occupa-

tions such as the Industrial Symbiosis Facilitator (already in focus of a training program devel-

oped by the INSIGHT project, see following chapter). Being created for cross-company coor-

dination, the IS Facilitator job nevertheless might also become part of a company internal job 

function (on the management level). 

2.2 Skills Adjustment Approaches 

Considering the future technological developments for implementation of IS and EE solutions 

within process industry summarized above and skills development concepts stated in other 

recent sources (reports like Steel Sector Careers (European Commission, 2019), McKinsey 

study (Bughin et al., 2018), the portfolio review of the projects on industrial symbiosis by the 

European Commission (Sommer, 2020), several book chapters and scientific articles (see 

D3.2; Sidenor, 2021), new skills and training needs within the SPIRE sectors were explored. 

Focusing on near future changes in the professional skills requirements of the SPIRE indus-

tries, the framework of increasing environmental constraints and energy costs as well as a 

possible incorporation into VET and tertiary education training curricula have to be considered. 

The following methodological steps were conducted to examine the range of essential skills, 

knowledge and experience that workers require to adopt energy efficiency and industrial sym-

biosis in daily work in the different industry sectors: 

1. Literature review 

2. Summarising the main facts and figures of the sectors (subsectors, direct jobs, produc-

tion, energy, waste, and industrial symbiosis) as a background information (see Annex 

7.4) 

https://op.europa.eu/de/publication-detail/-/publication/f26dfd11-6288-11ea-b735-01aa75ed71a1
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3. Creation of organisational flow charts in different sectors selecting job profiles related 

to Industrial Symbiosis (see Annex 7.6) 

4. Grouping similar sectorial job profiles and finding equivalencies with occupations of the 

ESCO database and ISCO groups 

5. Identification of related skills and grouping them to a specific sector overarching skills 

classification 

6. Development of a job profile related skills assessment template. 

Steps to be foreseen are: 

• Job profile related skills assessment (skills gaps, current and future proficiency levels) 

• Job profile database improvement (connected with ESCO/ISCO occupations and the re-

lated VET occupation databases). 

As the literature review summarised in Deliverable D3.2 (Sidenor, 2021) and the Fact and 

Figures (added in Annex 7.4) are the ground for the industry requirements analysis, the follow-

ing will focus on the main elements for the Blueprint Prototype development: organisational 

flow charts of the sectors leading to the job profile identification and selection, and the related 

skills classification. 

2.2.1 Organisational Flow Charts 

After summarising the main facts and figures of the involved sectors, job profiles related to IS 

and EE or both (including both intermediate management levels and blue-collar profiles) were 

identified by elaborating organizational flow charts of most of the sectors involved: cement, 

ceramics, chemicals, minerals, steel, and water. Figure 9 below is illustrating the step by step 

procedure applied in the ceramic sector as an example.  

 

Figure 9: Development Process of sectoral Organisational Flow Charts and Job Profile Se-

lection 

Based on this process Organisational Flow Charts of the main sectors were established show-

ing the EE and IS related job positions (see the flow charts of each involved sector in the Annex 

7.6). While e.g. in the cement sector each selected job profile is related to both EE and IS, in 

the example of the steel sector there are job profiles dedicated to just industrial symbiosis or 

energy efficiency or to both. Another differentiation is the one between the job profiles in the 

production on the one hand and in a series of functional areas (materials/products, mainte-

nance, logistics, purchase, and others) on the other hand. 
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Cement  

Steel 

 

 

Figure 10: Organisational Flowcharts (Example Steel and Cement) 

Based on this process done by the companies involved in SPIRE-SAIS, we got a huge list of 

job profiles in the different sectors. To reduce complexity, they were grouped in sector over-

arching main job profiles to be accepted as a common basis for identifying related skills. 

2.2.2 Job Profile Identification and Selection 

Based on a literature review, facts and figures datasheets, organisational flow charts and job 

profile and skills selection of the different sectors was done by the involved companies and 

reflected by the consortium, esp. with the sector associations. As it was not so easy to find a 

common overarching organisational flow chart description in each sector (because every com-

pany has its own specifications and production areas, products) agreeing on an overarching 

selection of similar job profiles across all sector was challenging as well. Reflecting the results 

of the technological development, concentrating on the highest common denominator and re-

ducing complexity to a manageable list, first sector overarching job profiles affected by indus-
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trial symbiosis and energy efficiency were selected (see also Figure 10). Therefore, the Blue-

print Prototype is based on cross-sectoral generic job profiles of production and functional 

areas, each represented by a managerial and operational function: 

• production areas and functional areas (management of materials/products, energy, envi-

ronment, waste, maintenance, purchase, logistic, legal/regulatory, human resources, and 

quality) 

• management and operational level (aligned to the production and functional areas) 

• added by a new cross-company Industrial Symbiosis Facilitator enabling function and job 

profile. 

 

Figure 11: Cross-sectoral Generic Job Profiles and Functions for EE and IS 

Comprising production and functional areas, each area is represented by the related manager 

function (management level) and the dedicated operators/foremen/technicians (operational 

level). All these job profiles have company internal functions but could also become part of an 

industrial symbiosis cooperation across sectors and companies. As it is evident that manage-

rial skills and operational skills are different (at least concerning the concrete tasks and the 

level of skills), both management skills and operator or vocational skills are coming into focus. 

In the course of the improvement further pooling will be checked, esp. to combine the Energy 

Manager, Environmental Manager and Waste Manager in a common profile "Environmental 

Engineering" including those three job functions just as specific parts.  

Based on the technological foresight (see Section 2.1) the selected job profiles are focusing 

mainly on an incremental upskilling or complementation of existing skills. But recently, there is 

at least one important additional professional job profiles: The Industrial Symbiosis Facilitator. 

With reference to the INSIGHT project the Industrial Symbiosis Facilitator's tasks are analysing 

IS possibilities in a defined area or region, defining and promoting possible synergies between 

companies from different sectors, capitalising benefits, and others. As this job profile with 

needed skills and a related training program is already under development by the INSIGHT 

project, SPIRE-SAIS is looking for an integration and a continuous running of this profile and 

related training offers in the planned Skills Alliance and Training Platform during the course 

https://www.insight-erasmus.eu/about/
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and beyond of the project life span. Looking at the curriculum of the training course for the IS 

Facilitator (see Figure 12), management and transversal skills similar to the SAIS ones could 

be identified, but focusing evidently on the cross-company cooperation perspective which 

could be perfectly combined with the company and cross-sector related SPIRE-SAIS ap-

proach. The IS Facilitator therefore could be the missing link between the company’s skills 

improvement and the common cooperation on Industrial Symbiosis, mutually improving IS fa-

cilitating skills for cooperation, overall and company internal management of IS and EE.  

 

Figure 12: IS Facilitator Curriculum (INSIGHT 2020, p. 8)  

2.2.3 Skills Classifications 

In parallel and attuned with the selected job profiles, a first selection of skills needs and com-

petences was conducted. Beside the literature review results, the collection of needed skills 
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was done by the involved companies, leading to a matrix of 65 different skills across the in-

volved sectors. Those skills were rated by their importance and reduced to at least a manage-

able bundle of skills topics/families/groups (see Figure 13). As already stated, technical/tech-

nological and individual skills are in place for the management and operational area; addition-

ally, the management level is focusing on business and regulatory related skills. These four 

skills categories do have several related skills classifications differentiated only in the tech-

nical/technological category in IS and EE. Individual and personal skills are transversal skills 

needed by managers but also by operators and technicians. Managerial regulatory and busi-

ness skills are needed for EE and IS within the company but also for the cross-company in-

dustrial symbiosis cooperation. In general, it can be said, that the T-shape approach of tech-

nological/technical (IS and EE related) and transversal (individual/personal soft skills) is broad-

ened by business and regulatory related skills on the management level. The subjects or topics 

to which skills will be associated to are listed in the following Figure. 

 

Figure 13: Skills and Competences Selection 

Further steps are the definition of concrete skills and competences and proving the role of 

digital technologies and skills as a means and precondition for improving sustainability. This 

will be done in line with existing skills, competence, and occupation frameworks (e.g. 

ESCO/ISCO occupations, but also managerial skills classifications (“Identification of potential 

opportunities”, “Fostering cooperation”, “Project planning and management”, “Initiative taking”) 

that fall under entrepreneurship competences according to the EntreComp Framework 

(Bacigalupo et al., 2016). 

2.2.4 Skills Assessment 

Harmonising the job profiles of the different industry sectors into one common template in order 

to reduce complexity and achieve an effective match of occupations and skills profiles, SAIS 

is aiming at generating a common ground combining the industry and VET (system) perspec-

tive. Our European job profile related skills assessment may also be used to implement an 



SPIRE-SAIS: Prototype of the Blueprint (Deliverable 5.2) 

28 

effective skills and competence assessment process in the companies. Defining and imple-

menting an internal competence assessment process enables verification of an organisation’s 

existing roles and aids identification of skills gaps. The result of the assessment can be used 

to improve accuracy of different processes: 

• In training, the skills and competence gap analysis can be used to design accurate training 

paths that can, for example, develop the proficiency levels required to meet organisation 

requirements. 

• In the development of an organization, the result of the assessment can be used to guide 

the design of the organization itself, allocating resources optimally and identifying skills and 

competence shortcomings to inform the recruitment process. 

• In career development, recruitment and talent management, the outcome of individual as-

sessments can be used to identify optimal career development paths, benefiting the em-

ployee and the organisation. 

To make an assessment process accurate and effective, a skills checklist is under develop-

ment focusing on the specific job profiles and their related skills. This checklist is following the 

T-shape approach combining specific specialised skills with transversal skills as well as busi-

ness and regulatory skills. The approach was taken because beside essential and optional 

production related technical skills, industrial symbiosis and energy efficiency ask especially for 

an improvement of personal/individual soft skills and business and cooperation skills.  

The skills assessment will be done by a template or checklist leading to a dedicated job profile 

assessment and description of the mission, the main tasks and related skills for these tasks. It 

will be combined if possible with the related ESCO/ISCO occupation and equivalent profiles. 

The skills will be assessed by five proficiency levels ranging from 0 Novice to 4 Master:  

(0) Novice: Does not have knowledge and skills specific to the job role 

(1) Basic Actor: basic level of skills and knowledge, semi-skilled level 

Rudimentary knowledge and some basic skills. Does not possess the proficiency level to 

perform the job role activities independently. 

(2) Practitioner: solid skills, knowledge and ability, guidance needed to handle novel or more 

complex situations 

Can perform the activities with enough knowledge and skills but requires some guidance, 

with direct supervision and assistance, in unexpected or infrequent situations 

(3) Expert: advanced knowledge and ability, guides other professionals, applies skills in new 

or complex situations, develops new procedures or methods 

Can perform required activities with high level of knowledge and skills, without any guid-

ance, assistance or direct supervision; can monitor, mentor, advise others 

(4) Master: highly advanced skills, knowledge and abilities, proactively and personally capa-

bility building 

Can perform the activities showing the highest level of knowledge and skills, demonstrate 

initiative and adaptability to special problem situations and can lead and teach others in 

the activities 

The template evolved towards the industrial needs incorporating sections for job description, 

mission, tasks etc. (from ESCO) and creating new sections for new skills categories, equivalent 

job profiles and skills levels. Three examples illustrate job profiles related skills assessment for 

a manager, operator, and technician comprising beside the hierarchy level also EE and/or IS 

and different sectors: 

• Energy Manager (EE and IS) (see Annex 7.5c) 
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• Waste management technician (Liquid Waste Treatment Operator) (see Annex 7.5d) 

• Maintenance and Repair Operator (refractory bricklayer) (see Figure 14) 

 

Figure 14: Skills Assessment of Selected Job Profiles (Example Maintenance and Repair Op-

erator) 

All the development and tools described above influence the development of the final Skills 

Assessment Tool for analysing the different skills dimensions, topics, proficiency levels in re-

lation to the importance and priorities of the companies. Based on this valuation the current 

PROFILE TITLE Maintenance & Repair Operator (Refractory Bricklayer) 

ISCO Code 7112.1 

Mission Bricklayers assemble brick walls and structures by skilfully laying the bricks in an established pattern, using 
a binding agent like cement to bond the bricks together. They then fill the joints with mortar or other 
suitable materials. 

TASKS Current Future 

Main task/s Lay bricks, pre-cut stones and other types of building 
blocks in mortar to construct and repair walls, 
partitions, arches and other structures such as 
smokestacks, furnaces, converters, kilns and ovens, 
piers and abutments; 

(here it should be listed, which tasks are 
changing/modified in which way, and if new 

tasks appear) 

Equivalent profiles Refractory masonry officer 
Refractory Technician 
Refractory linings technician 
Refractory lining coordinator 
Refractory lining Supervisor 
Refractory lining foreman 
Refractory Preparation Operator 
Refractory Supervisor 

SKILLS   Current Level Future Level 

Technological skills 

Industrial 
Symbiosis skills 

IS basic understanding      

System optimisation & process analysis     

Field experience (in IS)     

Product life cycle thinking assessment      

Sustainable resource management      

Energy efficiency Understanding energy use & costs     

Energy management of equipment and parts     

System optimisation & process analysis     

Energy data collection & analysis      

Field experience (in EE)     

SKILLS   Current Level Future Level 

Transversal skills 

Individual, personal 
skills 

Environmental awareness     

Collaboration     

Entrepreneurship and initiative taking     

Complementary, systematic, critical thinking     

Creativity     

Regulatory skills General regulatory awareness     

Legislation on waste & energy management & CO2 
emissions 

    

Business related 
skills 

Business knowledge       

Identification of potential opportunities      

Fostering cooperation      

Business model transformation     

Project planning and management     
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skills level and Industrial Symbiosis Readiness Level of a company will be calculated (see 

Figure below as a first attempt). 

 

 

Figure 15: Skills Evaluation Template 
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2.2.5 Alignment of SAIS Job Profiles and Skills with European Tools and Education 

Systems 

To avoid a standalone solution, the selected job profiles and skills categories for Energy Effi-

ciency and Industrial Symbiosis will be aligned as much as possible with relevant European 

tools. This will be done to ensure a continuous development and integration of the industry 

driven skills demands of EE and IS in existing and further to be developed formal occupations. 

Therefore, we will integrate the ESCO/ISCO description within our Job Profile Description and 

Skills Assessment Template (see ISCO/ESCO code in the Figure above) and align the SAIS 

Job Profiles with the equivalent ESCO occupation (see Figure 16). It becomes evident in this 

overview that IS and EE skills are an integrated part of the broader job functions and occupa-

tions. Therefore, beside the Industrial Symbiosis Facilitator, no new jobs are created so far but 

the existing job functions and occupations will have to upskill existing or add new skills on 

behalf of IS and EE. 

 

Figure 16: Alignment of Selected Job Profiles with ESCO Occupations 

However, we have to create links between skills, knowledge, and learning outcomes, esp. 

when it comes to connecting industry requirements with the education systems. Learning out-

comes are systematically promoted in the EU policy agenda for education, training and em-

Cross/sectoral Generic Job Profiles 
Area Level Job Profile Equivalent ESCO occupation 

Production  Management Production Manager Industrial Production Manager  

Production  Operational Production / Processing Line 
Operator/Foreman 

Production Engineering Technician  

Functional  Management Materials / Products Manager Product Manager 
Materials Engineer 

Functional  Operational Materials Operator/Foreman Production Supervisor 

Functional  Management Energy Manager Energy Manager 

Functional  Operational Energy Technician Energy Analyst 

Functional  Management Environmental Manager  Environmental Engineer 

Functional  Operational Environmental Technician Environmental Technician 

Functional  Management Waste Manager/Responsible Waste Management Supervisor 

Functional  Operational Waste Management Technician Waste Management Supervisor 

Functional  Management Maintenance Manager/Supervisor Maintenance and Repair Engineer  

Functional  Operational  Maintenance/Repair 
Operator/Foreman 

  

(a) Water, Gas, Stream, Air Foreman Maintenance and Repair Engineer  

(b) Mechanical/Electrical Technicians Electrical Supervisor 
Electromechanical Engineering 
Technician 

Functional  Management Purchase Manager Purchasing Manager 

Functional  Operational Purchase Technician Purchaser 

Functional  Management Logistic Manager  Logistics and Distribution Manager 

Functional  Operational Logistic Technician Logistics Engineer 

Functional  Management Legal/Regulatory Manager Regulatory Affairs Manager 

Functional  Operational Legal/Regulatory Technician  Environmental Engineer 

Functional  Management HR Manager Human Resource Managers  

Functional  Operational OHS Responsible Environmental technician 

Functional  Management Quality Manager  
(quality of recycling materials) 

Industrial Quality Manager 

Functional  Operational Quality Technician Quality Engineer 
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ployment - interlinking important European tools, notably the European Qualification Frame-

work (EQF), and increasingly influencing the definition and writing of qualifications and curric-

ula as well as the orientation for assessing teaching and training. Therefore, learning outcomes 

could be seen as a connecting link between industry demands and education and training: for 

the development of training courses, tools and activities but also for talent management and 

recruitment purposes. 

Learning outcomes (as described in CEDEFOP 2017) developed for specific learning pro-

cesses (of qualifications, training courses, learning units, or non-formal learning) are usually 

defining knowledge, skills and competences that learners are expected to demonstrate by the 

end of the learning process (see relations in the Figure below). Based on the selected SPIRE-

SAIS functional job profiles (composed by a set of tasks) and the related skills (to perform 

these tasks), knowledge has to be identified that is required to gain those skills. Against this 

backdrop, learning objectives and outcomes including knowledge, skills and competence will 

be defined as the ground for curricula of training programs, courses and micro-credentials 

("evidencing learning outcomes acquired through a short, transparently-assessed course or 

module" (European Commission, n.d.).  

 

Figure 17: From Functional and Skills Analysis to Learning Outcomes 

2.3 VET System Support 

The VET system review for skills demands on Industrial Symbiosis and Energy Efficiency is 

reflecting VET systems in five countries, representing different VET structures: Germany, Italy, 

Poland, Portugal, and Spain. Via this analysis good case studies are gathered in a repository 

(see recent status in the Annex of Deliverable D5.1; Almeida et al., 2021). A selection of them 

is illustrating the provision of skills relevant for IS and EE in this chapter. Additionally, an initial 

idea and structure of a skills’ matrix database with components and functions, incl. an example 

for one job profile (Refractory Bricklayer), was created.  

https://www.cedefop.europa.eu/files/4156_en.pdf
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2.3.1 Key Features of VET Systems 

Comparing the five analysed VET systems by some key elements for an integration of SPIRE-

SAIS industry skills requirements (as summarised in Table 1), several commonalities and dif-

ferences in the design and recent general reforms of the analysed systems emerge being rel-

evant for connecting SPIRE-SAIS solutions: 

• Decision-making level: Highly centralised VET systems (Poland, Portugal) do not allow 

for much adjustment of the curricula to address local labour market needs. On the other 

hand, there have been calls to create a national skills strategy in the highly decentralised 

Italian system to provide a unified framework and better streamline regions' policies. Indi-

vidual VET institutions have little autonomy to adjust courses in all countries analysed. 

• Curricula development: Regardless of the distribution of responsibilities between central 

and regional governments, the adjustment of curricula is a long and complicated process 

that involves many stakeholders1. This does not allow for a swift adaptation of the teaching 

content to quickly evolving market needs. 

• VET duality: All countries have introduced reforms to include a predominantly work-based 

pathway in VET (based on the German dual VET model) and/or to include more of practical 

training in the school-based pathways. It is yet unclear how successful these reforms will 

prove in practice. 

• Inclusion of industry stakeholders: Industry seems to be playing a much more active 

role in countries with work-based pathways deeper entrenched in their VET systems 

(mainly Germany, also Spain) than in historically school-based systems (Italy, Poland, Por-

tugal). 

 

1 It might involve adjustment of occupational standards based on cooperation between ministries, bod-
ies responsible for the national qualification repository and sectoral bodies; developing or changing of 
curricula following consultations with business and various advisory bodies; adapting the new stand-
ards and adjusting to local needs by regional authorities; and adopting the new curricula by VET 
schools. It can take years before graduates with new skills sets enter the market (e.g., estimated 3 
years in Poland for curricula development and another 3-5 years for training of the first cohort). 
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Table 1: Overview of Selected VET Systems 

  Italy Germany Poland Portugal Spain 

Key decision-

making level 

Regional Balance be-

tween federal, 

regional, and 

local 

Central Central Balance be-

tween federal 

and regional 

Standardisa-

tion 

High High High High High 

Permeability High Low to me-

dium 

High High High 

Accessibility 

for adult learn-

ers 

Yes (sepa-

rate path-

ways) 

Yes (only 

some pro-

grammes) 

Yes (mainly 

separate path-

ways) 

Yes (separate 

pathways) 

Yes (only 

some pro-

grammes) 

EQF levels 

covered 

EQF 3-5 EQF 2-4 EQF 2-5 EQF 2-5 EQF 3-4 

Predominant 

delivery mode 

School-based Work-based School-based School-based School-

based 

Recent key re-

form 

Introduction 

of dual VET 

(2015) 

Adjustment 

and develop-

ment of CVET 

(2020) 

Restructuring 

of VET, incl. 

expansion of 

incentive sys-

tem and work-

based VET 

(2016) 

Development 

of National 

Credit System 

(2017) 

Introduction 

of dual VET 

(2012) 

 

Further important elements discovered are the strategic planning and implementation of IS- 

and EE-related green skills in national policies and VET activities.  

2.3.2 Strategic Planning: IS- and EE-related Green Skills in National Policies 

Except for Germany's 'National Action Plan for Sustainable Development in Education' (Bun-

desministerium für Bildung und Forschung, 2017), no specific strategies for green skills deliv-

ery have been identified in the target countries. Broader national educational strategies rarely 

explicitly mention green skills2, but they tend to acknowledge the broad need to re-adjust cur-

ricula to the changing labour market needs. They also tend to highlight the teaching of trans-

versal skills (e.g. entrepreneurship, adaptability, creativity) and practical technical skills (also 

evidenced in the shift towards dual VET systems). 

At the same time, although industrial and environmental policies tend to recognise changing 

skills needs and often call for further reforms of the VET system, they rarely involve concrete 

action plans in the education sector. Another common ground of these policies is the inclusion 

of awareness raising activities targeted at the broader public. For example, the Italian 'Energy 

Efficiency Action Plan' (ENEA, 2017) includes an information campaign about energy efficiency 

directed at a broad audience of end-users. This showcases the often very narrow understand-

ing of education for sustainable education, focused on giving information and shaping behav-

iour and detached from skills training. 

 

2 For instance, in Poland, a term “skill of the future” is used. 
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Table 2: Good Practices of IS- and EE-related Skills Provision: Policy Level 

The German Federal Institute for VET's initiative ‘Sustainability in Vocational Education’ aims at 

developing new learning modules and didactic materials (e.g. guidelines on sustainability at work), 

creating new VET curricula and updating existing ones to include issues such as environmental aware-

ness, green skills, sustainability, and circular economy. The initiative has also developed didactic ma-

terials such as guidelines on sustainability at work and in production processes. While the focus of 

this initiative was not exclusively on the EIIs, many of the new learning modules, curricula, and mate-

rials do concern EIIs-relevant occupations. 

The Spanish government’s initiative ‘Empleaverde’ provides funding for projects supporting the cre-

ation of jobs in the green and ‘blue’ economy. Organisations can apply for funding, for example, to 

upskill for the employed and the unemployed, conduct research about innovative ways to create new 

jobs and connect Spanish entrepreneurs with relevant actors and expertise EU-wide. 

The project ’Future skills trends in Emilia-Romagna’ is an example of a regional policy-supporting 

initiative in Italy. It identifies key competencies needed to facilitate sustainable development in se-

lected industries (including agri-food, mechatronics and automotive, construction) and digital and 

green skills that should be provided through the regional VET training offer. The document can be 

used by professionals in the education sector to (re-)design curricula and by policymakers to update 

skills standards. 

In Portugal, the ’Environmental Education Framework for Sustainability’  constitutes a guiding 

document for implementation of this theme in the scope of Citizenship and Development, a subject 

area that integrates the curriculum in the different cycles and levels of education and teaching. The 

framework, which is flexible in nature, can be used in very different contexts, as a whole or in part, 

through the development of projects and initiatives that aim to contribute to the personal and social 

development of students. Eight transversal themes are proposed to all cycles and levels of education 

and teaching, constituted by sub-themes and objectives. 

2.3.3 Implementation: The Delivery of IS- and EE-related Green Skills in VET 

National context 

The delivery of green skills in VET can be analysed at two key levels. Firstly, national VET 

systems deliver some specific sustainability-focused programmes: 

• The proliferation of sustainability-focused programmes varies across countries. Italy seems 

to be leading the way, with a well-developed offer of tertiary-level academic and non-aca-

demic (VET) pathways. VET providers in Spain, Germany, and Portugal also offer a good 

number of dedicated courses. Poland visibly lags with only one course focused on renew-

able energy delivered by a limited number of VET schools.  

• These programmes tend to focus on advanced, technical, occupation-specific green skills. 

• EE courses are much more prevalent than IS courses. For instance, in Italy, roughly one 

in ten of all VET courses at the post-secondary level fell into the category "energy effi-

ciency". No courses explicitly focused on IS have been identified in any targeted country. 

Secondly, green skills training can be included as a horizontal element in other VET courses: 

• Only the German VET system incorporates green skills training in a structured manner in 

all VET courses. In other countries, green skills delivery in general VET courses tends to 

be fragmented, incomprehensive and often dependent on the initiative of individual 

schools. For example, within the Portuguese National Citizenship Education Strategy, it is 

https://www.bibb.de/en/33716.php
https://www.empleaverde.es/en
https://www.art-er.it/2019/09/le-traiettorie-evolutive-delle-competenze-in-emilia-romagna/
https://dge.mec.pt/sites/default/files/ECidadania/Educacao_Ambiental/documentos/referencial_ambiente.pdf
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up to the school to implement its citizenship education strategy (which involves the teach-

ing of Sustainable Development and Environmental Education). 

• Across virtually all countries, the importance of extracurricular activities, often provided by 

organisations outside the VET systems, has been stressed. Therefore, the delivery of 

green skills is more likely to be non- or informal and provided on ad-hoc basis. 

Table 3: Good Practices of IS- and EE-related Skills Provision: Implementation Level 

'Green Jobs in the Metal Industry' (Germany) focused on developing green skills and jobs 

in the German state of Brandenburg. The project developed upskilling schemes for green 

skills, based on a thorough evaluation of which green skills and jobs were relevant for the 

industry. The training was offered to secondary VET students/ trainees, employees, and the 

unemployed. The project was implemented by a wide partnership of national and interna-

tional stakeholders. 

The Spanish Association for Standardisation and Certification's training programmes 

about Circular Economy are aimed both at companies and individuals. Training has been 

delivered through online and in-person sessions, experts' speeches, and in-company train-

ing. Topics are cross-sectoral and include circular economy, energy management, and envi-

ronment management. 

In Portugal, ‘Network of Coordinator Teachers of Environmental Education Projects’ 

promotes environmental education. The Network has contributed to the promotion of various 

initiatives, recognition of projects, inclusion of content in school curricula and the creation of 

a network of teachers with technical-pedagogical skills for the coordination and promotion of 

projects in communities, developed with environmental NGOs. 

 

International/EU context 

In most countries, a significant share of green skills training is being delivered outside formal 

VET, as project-based, ad-hoc activities. The role of international stakeholders is in this area 

is important – firstly, many successful initiatives are delivered internationally or with the support 

of international stakeholders3. Secondly, a share of nationally or regionally organised green 

skills training initiatives depends on international (EU) funding. In Italy, for example, the Euro-

pean Social Fund is a primary funding source for upper-secondary VET and CVET. 

 

3 However, a significant downside of such international, project-based activities is their lack of sustain-
ability – many promising initiatives simply discontinue after the funding dries up. 

https://www.imu-berlin.de/portfolio-item/green_jobs/
https://www.aenor.com/formacion/economia-circular
https://www.aenor.com/formacion/economia-circular
https://apambiente.pt/apa/cooperacao-ambiente-educacao
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Table 4: Good Practices of IS- and EE-related Skills Provision: International Dimension 

The blended learning course ’Junior Expert in Circular Economy (JECE)’ is a one-year 

post-secondary VET programme. It targets young Europeans living in the Emilia-Romagna 

region (Italy), with a focus on people who are neither in employment nor education nor train-

ing (NEET). This cross-sectoral course aims to equip the participants with the necessary 

skills for sustainable development and circular transition in the economy and society. The 

2022 edition is financed by Emilia-Romagna Region and the European Social Fund (ESF) 

and organised by Centoform – a regional VET provider, with the support of a range of national 

and international partners. It follows a certification scheme based on EQF, ECTS and 

ECVET. 

The Polish Future Industry Platform is currently developing ’Guide 4.0 - how to educate the 

competencies of the future?’. The initiative involves the development of a course for sec-

ondary school teachers to introduce methods for training the competencies of the future. 

Additionally, educators will have access to an online Guide 4.0 to facilitate mapping students' 

skills and prepare individual or group skills development programmes. They will also have 

access to educational tools, a manual, and tutorials developed during the project. The project 

is being delivered in partnership with International Development Norway (a Norwegian con-

sulting and management company specialising in green energy, innovation, and education) 

and funded by the European Economic Area (EEA) and Norway Grants. 

2.3.4 Important results/impact for the Blueprint from the VET Perspective  

To sum up, several key gaps and barriers emerge across countries where SPIRE-SAIS could 

contribute: 

• Educators' readiness: Teachers often lack competencies and knowledge on how to teach 

green skills effectively. 

• Poor evidence base: Robust assessments of relevant educational programmes' effective-

ness are necessary to replicate the good practices. 

• Course structure and tools: Establishing a cross-sectoral IS/EE module that could be 

integrated in different occupational trainings could be helpful. Ideally, it should be accom-

panied by easily accessible didactic materials and guidance for education providers on 

how to deliver it best. 

• A uniform skills recognition system: Green skills are not easily verified and certified, 

which discourages learners (as they rarely receive a formal certificate upon completion of 

training) and hinders skills tracking and forecasting. 

Other important barriers include: 

• Lack of coherent policies: The responsibility for green skills delivery is usually split be-

tween many stakeholders (educational, industrial, and environmental ministries, regional 

governments, VET schools, civic organisations, etc.) and not guided by a single overarch-

ing strategy. 

• Insufficient funding: Funding tends to be fragmented and short-term. 

https://studycirculareconomy.com/
https://przemyslprzyszlosci.gov.pl/pomozemy-ksztalcic-kompetencje-przyszlosci/
https://przemyslprzyszlosci.gov.pl/pomozemy-ksztalcic-kompetencje-przyszlosci/
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2.3.5 Idea of the Skills Matrix 

To get a better overview of the approaches of the different VET systems related to the job 

profiles and skills demands identified in SPIRE-SAIS we started to elaborate a matrix of cross-

sectoral IS and EE skills. This matrix is comprising the following three key interrelated func-

tions: 

• to “connect” different concepts used in the SPIRE-SAIS project including job pro-

files, occupations, and qualifications 

• to identify how IS and EE related skills needs are addressed in relevant VET pro-

grammes: Information about jobs and IS and EE skills’ needs is identified by the foresight 

survey and the industry requirements. At the same time, relevant VET programmes are 

analysed to find out if and how these specific skills are addressed. 

The matrix is expected to be mostly useful to the representatives of the industry and VET 

providers. For example, a company searching for candidates for a particular job profile will 

know what qualifications are directly linked to this job profile. Moreover, the matrix will identify 

relevant national qualifications that exist in different countries. Therefore, representatives of 

the industry will know whether qualification acquired by a candidate in a foreign country is 

relevant for the position (job profile) they need to fill. This is expected to facilitate international 

mobility of employees. 

 

 

Figure 18: Database of Occupations across the Pilot Countries (Matrix Example EU – Ger-

many) 



SPIRE-SAIS: Prototype of the Blueprint (Deliverable 5.2) 

39 

3 The Supply Side: Strategies and Measures 

The SPIRE-SAIS Blueprint is answering the industry skills demands with the establishment of 

a Skills Intelligence Hub with a Foresight Observatory. An Online Training Platform and 

a related European Training Community for Industrial Symbiosis is under construction, 

supported by Image and Recruitment concepts. 

3.1 Skills Intelligence Hub and Foresight Observatory 

The supply side of SPIRE-SAIS is ensuring the continuous update of the demand side and a 

timely provision of training measures and support, continuously updated as well. Therefore, 

we will establish a Skills Intelligence Hub for Industrial Symbiosis (SIHub) and a European 

IS Training Community as the core coordination elements of SPIRE-SAIS. Within the SIHub: 

• Technology and skills foresight will be done within a Foresight Observatory on a regular 

basis, e.g. via a (bi-)annual survey "Industrial Symbiosis Technology and Skills Radar". 

• Technological and economic development and skills related projects will be listed in a Pro-

ject Repository, continuously updated and run by the SIHub. 

• Recommendations, self-assessment tools, indicators and incentives will be developed 

pushing the focus on qualifications, competences and skills for Industrial Symbiosis and 

Energy Efficiency. 

• Pilot measures and test options for IS and EE skills adjustments will be supported and 

fostered, including looking for (European and national) funding schemes. 

• An Online Training Platform will be established giving immediate answers to the industry 

skills demands (see in detail section 3.2.2). 

• Industry image campaigns for recruitment and talent attraction will be supported focusing 

on IS / EE skills and qualifications (see in detail section 3.3). 

• Leadership will be defined in an Open Coordination way, dividing responsibilities between 

the main and willing actors. 
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Figure 19: Skills Intelligence Hub and Training Community 

The Skills Intelligence Hub (SIHub) will be the core element of the coordination of SPIRE-SAIS, 

including a Foresight Observatory with a regular survey giving insight in the recent and coming 

technological and economic developments concerning Industrial Symbiosis and related En-

ergy Efficiency skills demands. This Industrial Symbiosis Technology and Skills Radar will be 

based on (bi-)annual questionnaires, taking up the methodological and field experience of the 

SPIRE-SAIS questionnaire already conducted but improving and shortening it to the main di-

mensions. It is foreseen to discuss the quantitative results of the Skills Radar with a number 

of experts, esp. from the different sectors (e.g. with the Steering Committee Sector Represent-

atives) in workshops or a forum at the website of SPIRE-SAIS). 

Additionally, the SIHub will integrate a Project Repository, initially designed for collecting 

material from partners to develop the desk research for the technological and economic devel-

opment and skills demands. However, this repository might be a good reference disseminated 

to the whole SPIRE community and the interested public. The repository is organized per sec-

tor, in order to include the projects mainly based on Industrial Symbiosis and Energy Efficiency 

in the different sectors involved in the SPIRE. In addition, a cross-sectoral project section is 

present, including projects on Industrial Symbiosis and Energy Efficiency that are transversal 

across the different involved sectors. The template for collecting the projects comprises differ-

ent aspects listed in the figure below: Sectors involved, funding scheme (e.g. RFCS, FP6, FP7, 

H2020), title and acronym of the project, main key words, start and end date, short description 

of the project and if the project involves either Industrial Symbiosis or Energy Efficiency (or 

both), what kind of flows of Energy/Material are involved, the main objectives and outcomes, 

the website of the project and the final report (if available). During the course of the SPIRE-

SAIS project the repository will be updated continuously taken over by the established SIHub 

beyond the project duration.  
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Figure 20: Project Repository (Template) 

3.2 European Industrial Symbiosis Training Community (Training Framework) 

The SPIRE-SAIS Training Framework in its first version December 2021 (see in detail D5.1; 

Almedia et al., 2021) outlines the structure of the foreseen online training measures foreseen 

to close the identified skills gaps of the identified job profiles for Industrial Symbiosis and re-

lated Energy Efficiency. After a first discussion of possible upskilling schemes, mechanisms 

for implementing tailor-made and demand-oriented trainings were created. 

3.2.1 Upskilling schemes 

A workshop with companies and training providers about training measures and upskilling 

schemes compared the experiences of centralised sector specific training systems like the 

ESSA steelHub and the E2Driver (automotive) with other training platforms aligning training 

https://steeluniversity.org/support/steelhub/
https://e2driver.eu/
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offers to specific company and learner needs: KATCH-e (alliance of higher education institu-

tions, companies, and research centres developing products and services for a circular and 

sustainable economy), CircularStart (focused on start-ups supporting incubators, trainers, and 

consultants in sustainability and circularity training of start-ups), ISL Industrial Training Pro-

gram).  

Centralised systems have the advantage of one stop and open system space centralising 

and systematising existing training offers and integrating new ones, on a sustainable platform 

with a business model addressing specific sector needs. Challenging is a wide range of the-

matic issues to be addressed, providing the training offers and materials in different languages, 

and combining online and theoretical learning with on the job training. 

• The discussed specific target group oriented systems are developing target group spe-

cific modules, integrating training for trainers, show a variety of (digital) learning modalities, 

problem-based learning and self-learning modules to attract the learners. But they have a 

project character leading to static and not updated results and no sustainability after the 

project life span, because a provider and further resources are needed  

• IS related training programs like the one from ISL take up the importance of addressing 

own thematic issues as well as adapting to the needs of companies, allowing for a fluid 

exchange of information and conversation with companies. Main challenge here is to ad-

dress the training to the right people (which departments and profiles?). 

Against this backdrop lessons learned and relevance for SPIRE-SAIS could be listed as such: 

• A general cross-sectoral training for IS/EE and additional in-depth training topics and illus-

trating (sector) specific cases should be combined,  

• Job profiles and levels for the training should be defined (e.g. managers, engineers, oper-

ators) 

• Training should be workplace and problem based and modular structured, online and 

blended learning 

• We need a concept of integrating companies, training providers, trainers, education sys-

tems, and the individual learner 

• What about integrating additional target groups, e.g. unemployed people, teachers in 

CVET/IVET/HE, consultants, incubators, start-ups?  

• Sustainability should be considered with the development of business models and market 

orientation, understanding who will be the end user (e.g. trainers, company buyers, end 

users directly?) 

Saying this, a challenge is to find a solution that enables the SPIRE-SAIS solution maintaining 

itself alive beyond the end of the project. This includes not only a sustainable running of SPIRE-

SAIS but also its rollout of training courses to the member states within the different, at least 

of the main languages. However, the first point to develop from all this is the need to define 

the nature of the training scheme to be developed. We have to confirm the target audience, 

which specific companies will be the most interested, which training format will be the most 

appropriate, as well as which will be the most appropriate exploitation scheme. 

3.2.2 Online Training Platform: Industrial Symbiosis Skills Intelligence (ISSI) 

Against the backdrop of the results above, an integrating training platform as a one stop and 

open system space (instead of standalone solutions of specific modules) is foreseen: Central-

ising and systematising existing training offers and integrating new ones, on a sustainable 

https://www.katche.eu/about-the-project/
https://www.circularstart.eu/
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platform addressing specific sector needs. Challenging is a wide range of thematic issues to 

be addressed, providing the training offers and materials in different languages, and combining 

online and theoretical learning with on the job training. Even more challenging is to ensure 

updating and sustainability of the platform after the project life span via an accepted and sup-

ported business model. 

Discussion up to now is going in the direction of a SAIS Online Training Platform: Industrial 

Symbiosis Skills Intelligence (ISSI). Possibilities of integrating such a platform will be dis-

cussed, e.g. in the European Community of Practice for Urban Industrial Symbiosis (ECoP U-

IS) (call of HEU to be decided beginning of next year). 

To establish such a training platform, mechanisms were created for: 

• The identification of skills demands, related to industrial symbiosis and energy efficiency, 

considering skills gaps and needs for IS and EE deployment 

• The identification and organisation of (cross)sectoral upskilling and/or reskilling schemes, 

promoting an efficient knowledge management and skills provision 

• The facilitation of instruments and resources that allow the implementation of measures to 

meet the identified skills needs. 

The identification of skills demands will be based on the already described job profiles (see 

Figure 11) and related skills classification (see Figure 13). Against this backdrop of an initial 

list of skills, companies could do an inventory and comparison of skills already in place and 

skills necessary to implement Industrial Symbiosis.  This will give companies a sense of their 

skills readiness for IS, even if they haven’t start implementing it yet. 

Additionally, a broader identification of the company maturity level of industrial symbiosis 

based on the IS Readiness Levels of Sommer (2020) and adapted for a Self-Assessment 

Module of the CircLean project (to be published in January 2022) could help to set the scheme 

not only for related skills demands but also for attracting companies to IS/EE measures to be 

taken up. The company’s IS maturity level can then link to courses in the database that will 

facilitate progression in that company maturity level – through the offering of specific courses 

for both management and operational levels as required (see Figure 21). 
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Figure 21: IS Readiness Levels (Adapted by the CircLean project from Sommer 2020) 

Based on the analysis of the training needs and already existing educational resources and 

training courses for IS/EE (see repository in Deliverable D5.1 (Almedia et al., 2021) in the 

Annex) a training framework is targeted at generic training courses that impart basic under-

standing and skills (such as the introduction to industrial symbiosis), job profile and skills topic 

related courses: business, regulatory, professional/technical, transversal/individual. These 

trainings are potentially collated in a database consisting of (a) existing courses to be collected 

and distributed, and (b) additional courses development if relevant, not existing and capable 

of being developed by consortium members. 

Table 5: Training Database 

 

Based on or integrated in a generic training module setting the scheme to manage and act for 

IS and EE 

• thematic in-depth and advanced training courses (e.g. for an assessment of financial ben-

efits) 
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• sector specifications and illustrations (ensuring the practical workplace integration and per-

spective) 

• job profile and function related courses  

will improve the skills and qualifications in line with specific needs and interests of the learners 

(see Figure below).  

 

Figure 22: IS Readiness Levels  

(Adapted by the CircLean project from Sommer (2020), study and portfolio review of the projects on 

industrial symbiosis in DG Research and Innovation: Findings and recommendations industrial symbio-

sis. European Commission) 

A connection of the online database to European tools (esp. the European Skills Competence 

Occupation ESCO Databases) is planned as well as to the formal national VET systems qual-

ification offers to: 

• Inform and enable national VET systems authorities to communicate new qualifications of 

Process Industry (in general) and IS (in particular). This will provide a wider visibility to 

national VET systems’ efforts towards contributing to a more sustainable society. 

• Offer the possibility to pinpoint existing qualifications offer in formal VET systems that may 

help suppress the lack of skills for IS in the labour market (or even in the companies them-

selves). A challenge here, of course, is how to address language. 

Important part of the (online) Training Framework will be also Train the Trainer approaches, 

guidelines and existing programs, integrated in the SIHub with close connection to the industry 

needs and the education systems (i.e. the relationship between trainers/educators and train-

ing/education). This will address: 

• Strategies and guidelines in order to get the trainers (internal or external, but especially 

external education system ones) closer to workers, and therefore reach a greater assimi-

lation of the taught lessons. 

• Didactical measures to foster lifelong learning, active learning, work-based learning, com-

bining digital with on the job learning. 

• Managers to become "trainers" of their subordinates (new leadership), getting suitable 

skills for "teaching" on the job. 

Regarding the ‘train the trainers’ approach, active learning methodologies have been proven 

as more efficient than the traditional methods. These learner-centred methodologies provide 

learning based on tasks, problems, projects, challenges, case studies, etc. engaging and mo-

tivating the involved learners and workers. Goals are the construction of workplace-oriented 

learning, the provision of an active process of knowledge construction, keeping the learners’ 
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attention, emphasizing their independence and inquiry, and, in the last term, improving the 

pass rates. For instance, problem and project-based learning enhance “self-directed learning” 

skills, changing the usual trainer/teacher role towards a mentoring and coaching role. Using 

scenarios and authentic tasks and settings of the workplace, or solving real cases and actual 

problems of the companies, will also improve the trainer’s/teacher’s capability of reflecting 

practical demands for their training.   

Because of the fast-changing technologies and the more incremental upskilling, new leader-

ship (Kopp et al., 2021) of the identified managers of the different production and functional 

company areas (see figure 11) should consider them as "trainers" of their subordinated oper-

ators, foremen, and technicians. Therefore, they have to get suitable skills for "teaching" on 

the job and in the workplace. The challenge for trainers and managers is to combine the im-

plementation of new technologies and strategies with the necessities and demands of the spe-

cific workplaces (workplace innovation). The challenge for SPIRE-SAIS is to address the 

teachers and trainers of the different national education systems with a more on the job training 

and education (e.g. via their movement to dual study in VET and Higher Education).  

New training methods and arrangements, taking into account new possibilities of digital learn-

ing and support (such as social media, Moodle, virtual labs, online learning, gamification, mo-

bile apps, virtual reality) and workers participation (e.g. workplace innovation, and by using 

digital tools like tablets, smart phones, laptops, etc.) should be in place, not only for the design 

of training courses but even for improving digital skills of the trainers and the (training) manag-

ers. 

3.3 Image – Recruitment – Talent Management  

Beside training measures and not at least, image, recruiting and talent management are key 

for the green and digital transformation of the energy intensive industries. SPIRE-SAIS is tak-

ing care of this by integrating this aspect in the development of the Blueprint strategy to over-

come central human resources challenges of the energy intensive industries by: 

• Improving the attractiveness of the Intensive Industries and fostering careers for tal-

ented people (recruitment and retention), 

• Including the identification of strategies for overcoming recruitment difficulties and widening 

the talent pool for a more diverse workforce (with knowledge of cross-sectorial needs and 

opportunities for cooperation) 

• Increasing the workforce mobility and diversity (e.g. increasing the attractiveness of 

Intensive Industries for women). 

Within a workshop with the involved companies and a validation by the General Assembly of 

SPIRE-SAIS, the main challenges and most in-demand jobs for Industrial Symbiosis and En-

ergy Efficiency were discussed as well as the image and recruiting obstacles and success 

factors, definition and attraction of (new) target groups. 

Main challenges 

The negative image is known for a long time, leading to a lack of interest to work in energy 

intensive industries on the site of students. There are concerns about security, health and 

safety, also connected to a critical public view, e.g. on the steel sector, which is seen as an old 

and decreasing economy and as crisis-ridden sector. Another example is the chemical indus-

try, which is struggling with the image of an industry with security issues due to accidents. 
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Especially with regard to the attraction of female graduates there are recruiting difficulties in 

the male-dominated energy intensive sectors. 

Additional obstacles are placed on the individual level: Here, the salary level or unpopular 

working hours and working models, e.g. night shifts, should be named. Above that, the geo-

graphical situation (as companies are often placed in remote areas), a lack of political support 

for process industries, and an investment and innovation backlog also pose great challenges 

for energy-intensive industries. 

A lack of suitable applicants in general and especially in the field of industrial symbiosis also 

has a critical impact: Specific knowledge on the side of applicants and an overview over differ-

ent disciplines is missing. This leads to the need of specific skills for industrial symbiosis: 

Thereby, on the one hand, practical experience is required, on the other hand, an understand-

ing of new competences (circular economy/environmental issues) is also important. The com-

panies of each sector have difficulties in finding graduates with such specific knowledge. Fur-

thermore, there is a lack of specific job profiles for industrial symbiosis. 

To answer these challenges, companies do their best to master these Human Resources chal-

lenge by in-house training and development and specific public campaigns. Companies pro-

vide such specific training, as knowledge from university is often not sufficient and too general 

(especially with regard to industrial symbiosis) for the shop floor activities. Consequently, In-

dustrial Symbiosis and Energy Efficiency job profiles are formulated in a holistic way by com-

panies, to attract people with a variety of general and specific skills. Above that, companies 

foster cross-department work and discussions about different issues of Industrial Symbiosis 

and Energy Efficiency. 

Company campaigns underlining the relevance of energy intensive industries to be recognized 

in public appear as a promising strategy. Yet, these campaigns have to go hand in hand with 

an improvement of relationship and cooperation between energy intensive sectors and univer-

sities/VET systems/secondary schools: More specific courses are needed, especially with re-

gard to industrial symbiosis (see section 2.3, VET system analysis). The image for the energy 

intensive industries needs to be improved at universities, in the VET system and in secondary 

schools. Public support is thereby needed to improve the image by underlying the importance 

of solutions for energy intensive industries with regard to climate change: Industry as solution 

provider and a chance for (new) applicants to make climate change happen. 

Some success factors are: 

• Salary (steel sector salary is higher compared to other sectors) 

• Early bond to schools, communicating directly to the pupils 

• Stability and the ability to cope with crises 

• Field for research in order achieve to climate goals 

• More flexibility to combine work and family (e.g. home office). 

"Most in-demand jobs" for Industrial Symbiosis and Energy Efficiency in the next 5 

years 

Finding applicants in Energy Efficiency seems to be less of a challenge compared to industrial 

symbiosis. As already stressed, there is no specific job profile for industrial symbiosis. How-

ever, people with skills in industrial symbiosis need to be in high positions in order to have the 

right access and to be close to decision makers, having in-depth knowledge of the company 

structure. Operation risk managers are needed as well as manager for infrastructure integra-

tion. Nevertheless, there has to be a balance between (young) people with fresh ideas and 
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employees with the right experience, as well as an interplay between manager and operators 

on a lower skills level. Preferred solution is to work in industrial symbioses and energy effi-

ciency related teams. 

As compliance and competition laws are an obstacle for companies to exchange information 

(openness, trust) with regard to industrial symbiosis. Therefore, skills and competences are 

needed on the side of managers and employees in order to understand to what degree com-

panies can exchange ideas and cooperate within such compliance arrangements. 

Skills for mastering and managing green (and digital) transformation are consisting of hard and 

soft skills: Technical skills (esp. in STEM) are needed as a basis, but also soft skills, such as 

motivation, openness, adaptability, and willingness to support change. The mobility of workers 

has to be supported by the availability to travel and of language competence in demand, and 

also by improving the qualifications of candidates that vary according to national VET systems. 

Approaches and Strategies in Favour 

As the image of energy-intensive industries is a major hurdle and challenge in recruiting tal-

ents, a more realistic image needs to be conveyed: from an outdated, old, dirty, dangerous 

industry towards a digital and green industry. A new narrative for energy intensive sectors 

should emphasize the efforts with regard to the digital transformation and decarbonization and 

the strong willingness of energy intensive sectors to become more energy efficient. As digital 

and green innovative and open sectors, they are part of the societal solution for climate 

change. Challenge lies in demonstrating to the public the importance of these industries, while 

at the same time showing that talent is urgently needed to shape future transformations. 

Against this backdrop, creating motivation and possibilities for (new) applicants to engage in 

energy intensive sectors and to initiate change processes should be fostered. Potential appli-

cants consequently have the opportunity in energy-intensive industries to design the needed 

solutions for the future and thereby make a positive contribution to the green transformation. 

Furthermore, the positive impact of energy intensive industries as important and sustainable 

components of social prosperity should be emphasised. In other words, more visibility of the 

contribution of energy intensive sectors to a modern and green society is needed, as only with 

the transformation of these industries change can be brought about. To this end, a new Euro-

pean and national industry strategy is needed (see German Steel Action Concept 2020 "For a 

strong steel industry in Germany and Europe"; Federal Ministry for Economic Affairs and En-

ergy, 2020). 

At the same time, working conditions should also be modernised, for example following the 

example of the technology and IT sector: improving work-life balance of employees, lower 

hierarchies, etc. (Echterhoff & Schröder, 2015). Rethinking of recruitment within the industries 

should, aside from higher educated people, also comprise vocational educated people, with 

an increase in efforts to integrate neglected target groups (e.g. female workers, migrants) with 

attractive training and upskilling possibilities (e.g. for migrant workers) for on-boarding and 

lifelong learning. Last but not least, young people's ideas and ways of thinking should also be 

included and considered to a greater extent. It thereby needs to be considered that ambitions, 

demands and mindsets of the young generation differ from the previous generations. 

Against the background of IS improvement, regional integration is particularly important via the 

connections to regions by Corporate Social Responsibility (e.g.: urban IS, using cleaned water 

for communities, connect industrial sites and heat parts of a city with produced heat) but also 

by finding common solutions (e.g. pipelines for transport of heat and gas, better connections 
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to urban infrastructure). Smart cities should integrate the value of industry’s contribution to 

their ecosystems. 

Internships and open-door events as means to convey a realistic image of industry, also for 

people at a young age, are already in place and should be fostered on the regional level, where 

people live, learn and work. But companies could not manage the transformative change alone. 

Therefore, all relevant stakeholders with their own responsibilities are in charge. Improving 

relationships and cooperation of companies with universities, the VET system and secondary 

schools is needed, as well as public support to increase positive impact on the image of energy 

intensive sectors. This should lead to improved knowledge among potential applicants about 

industry, while also fostering a better response to industry needs by educational institutions 

(creating closer relations to the surrounding communities). 

Against this backdrop the lack of suitable applicants in the field of Industrial Symbiosis should 

be solved by balancing (new) people with fresh ideas with experienced company staff, working 

in teams. However, imparting skills and knowledge internally (with a focus on in-house talents) 

is the most suitable and realistic way recently in order to avoid a war for talents and to retain 

talents in the company. This needs more specific courses, especially in the field of industrial 

symbiosis, on the job and online. 

As company structures oftentimes pose challenges, these changes need to come step by step, 

for the adaption of new structures and learning arrangements to succeed.  

Further Steps:  

• Collection and repository of already existing campaigns and tools improving image and 

recruitment (good practice exchange across the sectors): e.g. online materials like videos: 

e.g. from Steel Sector Careers, Pittini's 360° online tour , Minerals 

• SPIRE-SAIS contribution to these campaigns has to be checked, esp. from a training per-

spective 

• What can be done commonly in the SPIRE community? What has to be done by the sec-

tors? 

4 The Coordination Side: European Open Coordination Integrated in Existing 

EU Structures 

As stated by the European Skills Panorama: "Skills Intelligence is the outcome of an expert-

driven process of identifying, analysing, synthesising and presenting quantitative and/or 

qualitative skills and labour market information [...] kept up-to-date and adjusted when user 

needs change. This requires the expert-driven process to be continuous and iterative" 

(CEDEFOP, 2019). This is exactly the approach of SPIRE-SAIS, starting already in the pro-

posal phase to accelerate such an expert-driven process by integrating different stakeholder 

groups of energy intensive industries in a multi-stakeholder and ecosystem approach (quad-

ruple helix: industry, policy, research and education, civil society). 

The consortium and associated partners of SPIRE-SAIS bring together the full range of stake-

holders required to establish a sustainable cross-sectoral strategic Skills Alliance, covering all 

SPIRE sectors and scoping directly twelve member states from Northern, Eastern, Western 

and Southern Europe. However, via its sector associations, the Alliance covers all the Euro-

pean Member States with Energy Intensive Industries. This ensures a Europe-wide rollout of 

the SPIRE-SAIS Blueprint engaging with national VET systems and cross-sector European 

https://www.youtube.com/watch?app=desktop&v=FjfXGg98PsM
https://www.pittini.it/virtual-tour
https://www.youtube.com/watch?v=tRJC_gz7juM
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frameworks to meet skill needs. The partnership includes key industrial associations of all en-

gaged sectors (Chemicals, Steel, Minerals, Non-ferrous Metals, Water, Engineering, Ceram-

ics, Cement, Refinery, Pulp & Paper), and key actors (companies, training providers and re-

search institutions) involved in actual and forthcoming projects of industrial symbiosis, energy 

efficiency and VET (skills and qualification needs and solutions). The partnership (consortium 

and associated partners) is based on and feeds the HORIZON 2020 Public Private Partnership 

SPIRE with more than 140 members (companies, training providers, research institutes) en-

compassing and coordinated by A.SPIRE, the co-leader of SPIRE-SAIS.  

Within this partnership we see skills as a missing link for industrial symbiosis of the different 

sectors, open up a common ground for collaboration beyond competitiveness, and unfold the 

potential of new technologies and measures for Industrial Symbiosis and Energy Efficiency at 

the company workplace, closely interlinked with the workplaces of other companies. 

4.1 Integration, Alignment, Cooperation of SAIS with European Structures 

The SPIRE-SAIS Blueprint is not planned as a stand-alone solution. The Blueprint strategy is 

led by a cooperative approach with a division of responsibilities and leadership. Therefore, the 

SIHub and the European IS Training Community will be aligned with and support European 

activities related to European Energy Intensive Industries (see Figure below), namely: 

• Sustainable Process Industry through Resource and Energy Efficiency (SPIRE) and its 

recent activities, explicitly "Processes for Planet" (P4Planet), its Strategic Research and 

Innovation Agenda 2050, and its governance structures and working groups  

• The planned Coordinated Support Action “European Community of Practice for Industrial-

Urban Symbiosis and Regional Hubs for Circularity and Industrial Urban Symbiosis” 

• Central stakeholder groups (social partners, sector associations and unions, policymakers, 

education system players, etc.) 

• European networks and projects: e.g. the CircLean Network and Circle Economy, the IN-

SIGHT project results for establishing the profile/occupation of the IS Facilitator 

• European programs: European Pact for Skills; CEDEFOP Skills Intelligence Platform; Eu-

ropean Skills, Competence, and Occupation Database (ESCO) 

http://www.spire2030.eu/
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Figure 23: Integration SPIRE-SAIS in European Activities on Energy Efficiency and Industrial 

Symbiosis 

4.1.1 SPIRE / Process for Planet 

As being the central coordination element of SPIRE-SAIS, the Skills Intelligence Hub for 

Industrial Symbiosis (SIHub) has to be aligned with the program and governance structure 

of the SPIRE Processes for Planet program (P4Planet) and its Strategic Research and Inno-

vation Agenda 2050 (SRIA). As SPIRE-SAIS partners are closely integrated in the develop-

ment of the SPIRE community and the new SPIRE Roadmap 2050 “Processes for Planet”, 

non-technological and social issues were successfully and explicitly integrated in the new 

P4Planet program, placing prominently non-technological issues for improving technology de-

velopment and competitiveness (esp. through human resources and skills). The agenda fore-

sees to align almost every technological innovation program with non-technological issues 

(with related investments in a range of 1% to 5% of the project budget) and, additionally, to set 

up an own innovation program for Human Resources (aiming at a funding of about 42 million 

Euro from 2020 – 2050). 

Within the new advisory and programming structure SPIRE-SAIS should be aligned very 

closely with two Permanent Working Groups (PWG) (see Figure 24): 

• the PWG Industrial Urban Symbiosis and Hubs for Circularity (I-US/H4Cs) and  

• the PWG Societal Innovation (skills, jobs, training). 
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Figure 24: Planned Working Groups for Advisoring and Programming P4Planet 

Ensuring a reliable cross-sector representation, SPIRE-SAIS established a "Sector Repre-

sentative Steering Committee" (see table below) as a link to the different SPIRE sectors, 

including also the unions and civil society perspective. This important link to combine the cross-

sectoral with the sector specific necessities and demands is a mutual exchange platform for 

feeding the sectors with SPIRE-SAIS results, measures and tools on the one hand, on the 

other hand giving feedback and inputs from the sectors to improve the SAIS Blueprint and 

Training Platform. 
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Table 6: Steering Committee "Sector Representatives" 

Sector Name Partner Function Organisation 

SAIS Coordi-
nation 

Antonius 
Schröder 

TUDO Coordinator Research 

SPIRE Angels Or-
duna 

A.SPIRE Co-coordinator SPIRE Coordination 

Non-ferrous 
Metals  
Aluminium 

Christian 
Leroy 

EU Sector Representa-
tive 

Aluminium, EU Association 

Ceramics Renaud Batier  
Ines Ferrao 

Ceram-Unie Sector Representa-
tive 

Ceramics, EU Association 

Minerals Aurela Shtiza IMA Sector Representa-
tive 

Minerals, EU Association 

Chemicals Anni Siltanen ECEG EU Employers Rep-
resentative 

Chemicals, EU Employers Asso-
ciation 

Water Andrea Rubini Water Europe 
(WE) 

Sector Representa-
tive 

Water, EU Association 

Cement Koen  
Coppenholle 

CEMBUREAU Sector Representa-
tive 

Cement, EU Association (associ-
ated partner) 

Engineering Valentina 
Colla 

SSSA Sector Representa-
tive 

Engineering (partner) 

Pulp & Paper 
(new) 

N.N. CEPI Sector Representa-
tive 

Pulp & Paper, EU Association 
(yet not formally participating, but 
invited as a visitor) 

Refinery 
(new) 

Damien  
Valdenaire 

Concawe Sector Representa-
tive 

Refinery, EU Association 

Raw Materials Laurence 
Lamm 

EIT  
Rawmaterials 

Sector Representa-
tive 

EU EIT (associated partner) 

ESTEP Klaus Peters ESTEP Sector Representa-
tive 

Steel, EU Association (partner) 

EUROFER Miikka Niemi-
nen 

EUROFER Sector Representa-
tive 

Steel, EU Association 

Union Judith  
Kirton-Darling 

industriALL Representative Un-
ions 

(Global / European) Union (asso-
ciated partner) 

NGO Agnese  
Ruggiero 

Carbon Market 
Watch 

Citizen Organisation Global NGO (associated partner) 

4.1.2 European Community of Practice on Industrial Urban Symbiosis / Regional Hubs 

for Circularity 

To connect SPIRE-SAIS with the national-regional level, we are focusing on a European-re-

gional rollout strategy. Beside the European alignment with the P4Planet activities and coordi-

nation structures, especially the SPIRE-SAIS Training Platform should feed in the planned 

European Community of Practice of Industrial Urban Hubs for Circularity (HEU Call). With such 

a common European-regional platform, SPIRE-SAIS could foster IS training and skills devel-

opment within the cooperating companies. Additionally, we could support regional coordination 

of the H4C by supporting a social innovation process of technological, economic, and social 

development within the regional Urban Hubs for Circularity: Serving and establishing not only 

online and on the job training framework for Industrial Symbiosis and Energy Efficiency, but 

also skills and competences for enabling and facilitating cross-sectoral Industrial Symbiosis by 

integrating stakeholders from the quadruple helix (industry, policy, research and education, 

civil society), improving acceptance and societal and symbiosis readiness level in the H4C 

regions by assuring tailor-made and pro-active adjustment of industry driven skills demands.  

SPIRE-SAIS is aiming at establishing a European Training Platform connected with or incor-

porated in the forthcoming European Community of Practice (ECoP) for Hubs for Circularity. 

Within regional training ecosystems for IS and EE (including public authorities and policy, big 

companies and SMEs, social partners, educational organisations and training providers, as 

well as civil society (organisations)), the SPIRE-SAIS European Training Platform could serve 

https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/opportunities/topic-details/horizon-cl4-2021-twin-transition-01-16
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proactive skills assessment and adjustment, analyse continuously and proactively skills gaps, 

provide up-to-date support and knowledge to energy intensive industries by collecting and de-

veloping up to date training modules and tools, related to the H4C regions in Europe. Via the 

ECoP a connection and networking of regions with H4C not only exchanging tools and 

knowledge across regions is guaranteed but also mutual learning, not reinventing the wheel 

several times new.  

Together with the ECoP, suitable European regions for the SPIRE-SAIS Blueprint and Training 

Platform Rollout could be identified reaching high Symbiosis Readiness Levels (SRL) also 

based on skills, competences and qualifications. Within a comprehensive concept, an interplay 

between actors from different industry sectors at local, regional, national, and European level 

should be aimed at. Common stakeholder workshops at the regional level combining and im-

proving technological and social readiness will set new impulses, creating new industrial op-

portunities and overcome (social) challenges, by new learning arrangements for solving tech-

nical and non-technical problems and improving the capabilities of the enablers/facilitators of 

Industrial Symbiosis and Energy Efficiency. 

4.1.3 Stakeholder Groups 

Sector Associations and unions (namely industriALL Europe) are involved in SPIRE-SAIS as 

(associated and full) partners and via the "Sector Representatives Steering Committee" (see 

Table 6) as the central connection nodes and links to the ten SPIRE sectors: Chemicals, Steel, 

Minerals, Aluminium, Water, Engineering, Ceramics, Cement, Refinery, Pulp & Paper. through 

their membership they connect the SAIS Blueprint not only with the different sectors on the 

European level but also with the national level. This being said, they are the main actors for 

the planned rollout to the member states. This especially includes also industriALL as a Euro-

pean union, representing different sectorial and national trade unions of the member states. 

Additionally, we will look for other (national) stakeholder groups (policymakers, education sys-

tem players, etc.), to be integrated during the rollout of the Blueprint. 

4.1.4 European Networks and Projects 

SPIRE-SAIS is approved partner of the European Pact for Skills, a flagship initiative of the 

European Skills Agenda. We will support the Pact by establishing alliances of energy intensive 

industries for a green and digital transition, on a European, national, local and regional level. 

Additionally, by participating in the Pact for Skills we look forward to a cooperation beyond the 

SPIRE sectors. Already 22 partners signed the Pact for Skills on behalf of SPIRE-SAIS. 

As being the only multi-sectoral Blueprint, SPIRE-SAIS is not only strongly contributing to the 

New Skills Agenda and the Pact for Skills, but also to the “Twin transformation: digital and 

green” of the European Commission. It aims at an integration and further development of 

ESCO from a green skills perspective of Industrial Symbiosis. Beside the cooperation with 

other blueprints SPIRE-SAIS is contributing with the integration of human resources (skills) 

needs in new (e.g. SPIRE Processes for Planet, SET Plan Action 6, Clean Steel Partnership) 

and already existing programmes (such as Vocational Excellence, Smart Specialisation). 

As stressed in the cooperation plan, SPIRE-SAIS cooperates closely with other process indus-

try related blueprints (esp. automotive, steel, advanced manufacturing, batteries). As steel is 

one of the SPIRE sectors, we collaborate esp. with the European Steel Skills Alliance (ESSA), 

SUSTAIN steel project, and the Clean Steel Partnership (CSP) of ESTEP, where skills are part 

of the building block "Enablers" (see CSP Roadmap). Additionally, SPIRE-SAIS is reported in 

https://ec.europa.eu/social/main.jsp?catId=1517&langId=en
https://ec.europa.eu/social/main.jsp?catId=89&furtherNews=yes&newsId=9723&langId=en
https://ec.europa.eu/social/main.jsp?catId=1517&langId=en
https://www.sustainsteel.ac.uk/
https://www.estep.eu/assets/Uploads/CSP-SRIA-Oct2021-clean.pdf
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the annual sector association meetings, collaborating also with specific sector programs on 

skills (e.g. in the water sector with the European Junior Water Program, explicitly made to 

attract talented young people. 

Not to forget, SPIRE-SAIS is based on the analysis of recently 184 EE and IS related EU (past 

and ongoing) funded projects (such as MAESTRI, COPRO, SHAREBOX, EPOS, SPRING, 

see Deliverable D2.1). A repository is under construction to be published at the SPIRE-SAIS 

homepage, continuously being updated.  

The Blueprint is connected closely via associated partnership and taking advantage of EE and 

IS skills related networks (like CircLean, SUSTAIN and the Circular Jobs Initiative of Circle 

Economy) and projects (like the INSIGHT project). CircLean is inspiring our networking activi-

ties with its training program and INSIGHT results will be used for establishing the profile/oc-

cupation of the IS Facilitator as part of our training platform and framework. 

During the rollout phase of SPIRE-SAIS to the regional level, beside the ECoP U-IS/H4C, co-

operation with other European or sector specific platforms will be examined. Esp. with the 

European Cluster Collaboration Platform and their sector related clusters: e.g. steel, ceramics, 

water or engineering. 

Needless to say, that during our activities we will integrate further relevant networks and pro-

jects. 

4.1.5 European Programs, Initiatives and Tools 

European skills related programs are of utmost importance for SAIS, esp. the European Pact 

for Skills, CEDEFOP Skills Intelligence Platform, and the European Skills, Competence, and 

Occupation Database (ESCO). The SPIRE-SAIS training platform will use and integrate EU 

instruments and tools related to skills and occupations such as ESCO, EQF, ECVET and EQA-

VET as much as possible. We will refer to the learning outcomes approach, linked with credit 

points of ECVET and ECTS to promote mobility of workers within the European territory. Qual-

ity assurance principles as well as instruments and indicators of EQAVET are considered in 

the evaluation framework setting of the SPIRE-SAIS Blueprint, thus promoting the alignment 

of the SPIRE-SAIS evaluation strategy with EQAVET practices (as part of Deliverable 8.1, 

chapter 7). A database of job profiles and occupations (see forthcoming Deliverable D5.1, An-

nex) related to Industrial Symbiosis and Energy Efficiency will be also aligned as much as 

possible with European and national VET structures, utilising available classifications from 

ISCO/ESCO to classify and inform understandings of job roles and skill content. Meetings with 

ESCO representatives took and will take place as well in the implementation and test phase in 

2022, based on the outlines of the job profiles and occupations and their alignment with the 

ESCO database. ESSA partners are participating in the 3rd phase of the ESCO pilot project for 

linking learning outcomes of qualifications to ESCO skills. 

European initiatives like the Circular Cities and Regions Initiative (CCRI) and the European 

Circular Economy Stakeholder Panel (ECESP) will be informed by SPIRE-SAIS results and 

activities. First inputs were made to the Strategic Energy Technology (SET) Plan, recognising 

within its Action 6 non-technological issues (incl. skills) as important part for a successful in-

novation policy and considering to set-up a task force for this topic. Horizon Europe proposals 

for Processes for Planet, Clean Steel and HORIZON Europe cluster 4, 5, 6 will be inspired by 

SPIRE-SAIS partners and results continuously. 

https://juniorwaterprogramme.eu/
https://www.spire2030.eu/sites/default/files/users/user85/spire-sais_deliverable_d2.1_technological_development_version_1_.pdf
https://www.circle-economy.com/circular-jobs-initiative
https://www.circle-economy.com/circular-jobs-initiative
file:///C:/Users/Schroeder/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/I7J7YSPD/CircLean
https://www.clustercollaboration.eu/
https://www.clustercollaboration.eu/cluster-organisations/siderex-basque-steel-cluster
https://clustercollaboration.eu/content/european-cluster-ceramics
https://clustercollaboration.eu/content/water-alliance
https://clustercollaboration.eu/cluster-organisations/imast-italian-technological-district-engineering-polymeric-and-composite
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4.2 Alliances and Leadership 

Foundation for the sustainable alliances and leadership of SPIRE-SAIS is the project partner-

ship built on and with support of the existing SPIRE coordination (A.SPIRE), projects and ac-

tivities. Already in its proposal phase, with a cross-sectoral approach covering all the SPIRE 

energy intensive industry sectors, SPIRE-SAIS was composed by main European stakehold-

ers, integrating steel companies, education and training providers, associations and social 

partners, and research institutions of the energy intensive industry sectors. The new Skills 

Alliance on Industrial Symbiosis is based on the European Level by 24 industrial symbiosis 

experienced partners, enhanced by a growing number of associated partners (13 up to now) 

showing the great attention and relevance of this alliance and leading to a sound ground for 

sustainability already since the start of the SPIRE-SAIS project (see Figure below). A strong 

integration in the SPIRE Community, its Processes for Planet program and activities as well 

as the participation of the European Sector Associations as central communication and dis-

semination intersections, reinforced by their participation in the Steering Committee Sector 

Representatives, are continuously improving the ground for the sustainability of the Skills Alli-

ance beyond the project duration.  

Via its partnership SPIRE-SAIS is already an ongoing topic of the sector associations on the 

European level: e.g. SPIRE/P4Planet (Permanent Working Group Societal Innovation), Euro-

pean Steel Technology Platform ESTEP (Focus Group People), and the regular meetings of 

the involved sector associations (Industrial Minerals Association Europe (IMA), European Alu-

minum, European Chemical Employers Group (ECEG), The European Chemical Industry 

Council (CEFIC), EIT RawMaterials, Water Europe, Cerame-Unie, and CEMBUREAU The Eu-

ropean Cement Association). Beside the employers’ associations the European union indus-

triALL is an important partner ensuring the workforce perspective and transfer to the different 

trade unions of the sectors and member states. 

 

 
Figure 25: SPIRE-SAIS Partnership 



SPIRE-SAIS: Prototype of the Blueprint (Deliverable 5.2) 

57 

To establish a sustainable European Skills Alliance for Industrial Symbiosis beyond the pro-

ject life span with a reliable leadership and governance on the European level we will sys-

tematically link the European Blueprint with the European, national, and the regional level of 

Hubs for Circularity (see Rollout of the Blueprint, next chapter). Therefore, SPIRE-SAIS is 

aligned with and supporting already existing European structures of energy intensive indus-

tries. Overall activities and initiatives of the European energy intensive industries are linked to 

our project by participating in regular SPIRE activities and events. Via A.SPIRE (the SPIRE-

SAIS co-coordinator and the coordination unit of the public-private partnership SPIRE under 

Horizon Europe) and its main coordination activities (e.g. Strategic Innovation and Research 

Roadmap 2050, Processes for Planet, General Assemblies, Workshops like Hubs4Circularity) 

almost all partners are involved in these activities, not at least because they are members of 

SPIRE. 

On the sectoral level and reaching the member states, the involved associations have in-

formed their members in multiple occasions, via their information channels, state of affairs and 

also (sometimes recurring) webinars. The associations referred to SPIRE-SAIS in presenta-

tions: E.g. IMA during an EIT-RawMaterials event addressing the brain drain and the various 

experiences at company or at sector level that aim to address the needs and obtain a high 

workforce retain rate in the sector; ESTEP via its FG People, and Cerame-Unie by establishing 

a Skills Working Group are mirroring continuously the SAIS development. Close cooperation 

took and takes place with ESTEP and the ESSA Blueprint (European Steel Skills Agenda and 

Alliance), presenting the Blueprint in the regular meetings and external events. In all the activ-

ities the innovative approach of SPIRE-SAIS was very much appreciated and acknowledged. 

Furthermore, the SPIRE-SAIS and ESSA approach were the starting point to think about a 

Task Force Non-Technological Innovation within the SET Plan Action 6 (still under considera-

tion). Additionally, presentations or panel participations within the Circular Economy Stake-

holder Conference, the European Innovation Days, Vocational Skills Week, Citizen Engage-

ment Festival, and the cooperation with Circular Economy Initiative (advisory board, discussion 

papers) show the high engagement of SPIRE-SAIS also outside the energy intensive industry 

sectors. 

As already outlined in the beginning of this chapter (see Figure 19) the Skills Alliance will be 

run by the Skills Intelligence Hub for Industrial Symbiosis and the related Training Community. 

Therefore, the SIHub has to be aligned with the main European coordination units: 

• European: Via A.SPIRE to The Sustainable Process Industry through Resource and En-

ergy Efficiency (SPIRE) and its recent activities, namely "Processes for Planet" (P4Planet) 

(see A.SPIRE, 2021), and its governance structures and working groups (esp. the Perma-

nent Working Groups Societal Innovation and I-US/H4C) 

• Sector/National: Via the "Steering Committee Sector Representatives to the European sec-

tor associations of all ten sectors involved: Industrial Minerals Association Europe (IMA), 

European Aluminum, European Chemical Employers Group (ECEG), The European 

Chemical Industry Council (CEFIC), EIT RawMaterials, Water Europe, Cerame-Unie, 

CEMBUREAU European Cement Association, ESTEP/EUROFER, European Petroleum 

Refiners Association Concawe, Confederation of European Paper Industries CEPI. 

• Regional: Via the planned European Community of Practice for Industrial-Urban Symbiosis 

with the Regional Hubs for Circularity and Industrial Urban Symbiosis, completed by in-

volved regional associations and platforms (such as ART-ER and ARGO) 

• Multi-sectorial: Via the European Pact for Skills to the broader community of different sec-

tors and the other sectoral Blueprints 
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• Social Partnership: Via the sector associations and industriALL to the different industry 

sectors and member states. 

This coordination structure (see an illustration in the Figure below) will be further developed 

with the relevant stakeholders and leaders in the implementation and test phase 2022. Objec-

tive is a deep and mutual involvement of SPIRE-SAIS in the European, national and regional 

sector governance and activities, in both directions: informing the different sectors by SPIRE-

SAIS results, tools and activities and informing SPIRE-SAIS by recent sector activities on In-

dustrial Symbiosis on the European, sectorial, national, and regional level. Within these gov-

ernance structures cross-stakeholder activities have to be initiated and launched, as well as 

internal integration of skills adjustment within the activities of the associations, unions, compa-

nies, and training providers. 

 

Figure 26: European-sectoral-national Coordination of SPIRE-SAIS 

5 Rollout 

As already becoming evident in the SPIRE-SAIS Alliances and Leadership approach, the 

rollout of the Blueprint is already part of the existing partnership and activities, being European, 

sector related, national and regional (see the approach illustrated in the Figure below). Apply-

ing the well-known European Open Coordination method SPIRE-SAIS will coordinate the skills 

adjustment via its Skills Intelligence Hub and Training Platform on the European level in coop-

eration / alignment with the SPIRE community and the planned European Community of Prac-

tice of Industrial Symbiosis (European level). Additional to these organisations (SPIRE and 

ECoP), the rollout of the Blueprint at the sectoral and national level is mainly advised by the 

different sector associations (SPIRE-SAIS Steering Committee Sector Representatives) and 

the involved partnership. SPIRE-SAIS is engaging the sector associations as nodes to the 

(national) members of their specific sectors (Chemical, Water, Ceramics, Raw Materials, Ce-

ment, Railway Supply, Non-ferrous Metals, Minerals, Engineering, Refinery, Pulp and Paper). 
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Doing so, important companies and training providers of these sectors are already informing 

their plants, partners and contacts about SPIRE-SAIS measures, trainings, and tools. The na-

tional, member state rollout will be focused on Industrial Symbiosis regions (planned or run-

ning) and should be done in a concerted action with ECoP, SPIRE, Pact for Skills and other 

sectoral Blueprints, engaging public VET and HE authorities.  

As said, the member state rollout should be focused or based on the regional Hubs for Circu-

larity level, because of the practical and pressing relevance of skills for implementing and run-

ning urban or regional Industrial Symbiosis. Competence is needed to set up and start Indus-

trial Symbiosis Ecosystems, integrating technological, educational, and social/societal devel-

opment with a broad range of stakeholders from industry, education and research, policy, and 

(not to forget) civil society to improve environmental sustainability in the region where people 

live, work and learn, in a continuous and sustainable development process.  

The SPIRE-SAIS survey on technological and economic development (see chapter 2.1) un-

derlines the integration of public actors in the development of IS and EE. Besides company 

internal actors (managers of functional areas like quality, energy, etc.) and other industrial 

sector actors (from other industries, financial partners, etc.), also public actors (e.g. public au-

thorities or parties, local agencies) are engaged in IS (19%) and EE (43%), underlining that 

particular attention should be paid also to the integration of public parties, local agencies, and 

civil society organisations.  

 

Figure 27: European-sectoral-national-regional Rollout with Open Coordination 

Rollout (and dissemination) activities were already done by the partnership since the project 

started and will run through the whole project life-cycle and beyond to ensure relevant, appli-

cable, visible and detailed results. A dissemination and communication plan with SMART (Spe-

cific, Measurable, Achievable, Realistic and Time-bound) objectives was implemented and 

aligned with the European Quality Assurance Reference Framework for VET (EQAVET); an-

nually monitored and evaluated by the (internal) project evaluator. Monitoring and evaluation 
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of the project is guided and conducted by the Monitoring Strategy and Evaluation Plan (Deliv-

erable D8.1; Almeida & all WP leaders, 2020) and Annual Evaluation Reports (Deliverable 

D8.2; Almeida, 2020). With these instruments we are able to demonstrate how effectively the 

project is reaching its objectives, getting close to its desired outcomes and what are the short-

ages and weak points identified by partners to be improved (SPIRE-SAIS as a social innova-

tion process, see Figure 4). 

Targeted rollout activities will include (a) education entities and training bodies, (b) companies’ 

experts, practitioners and engineers, (c) decision-makers at local, regional, national and Euro-

pean level, and not at least (d) the sector associations and their members. However, the im-

plementation (Deliverable D6.1) and exploitation plan (Deliverable D6.3) (due in 2022) will set 

the decent ground for a rollout at sectoral, national and regional level. As already said, SPIRE-

SAIS sets a focus on the sectoral level (engaging the sector associations) and the regional 

level in line with the Hubs for Circularity of the new SPIRE program “Processes for Planet”, 

integrating the skills adjustment in existing and to be developed Industrial Symbiosis projects 

or regional ecosystems linking together different sectors for waste, emission and energy re-

duction (see example of our associated partner ARGO in Figure 28). 

 
Figure 28: Industrial Symbiosis on the Regional Level (Example ARGO) 

The exploitation and rollout strategy to the member states and regions will focus first on coun-

tries reached out and represented in the project and setting up a European Open Coordination 

Framework to integrate all the relevant member states and regions. Workshops and Dialogues 

with policy makers are planned to facilitate an effective rollout of the Blueprint. With national 

and regional VET institutions, not only the strategy but also the implementation process will be 

developed together, setting the ground for a national / regional adaptation and rollout after the 

end of the project. European and national financial resources (e.g. EFRE or ESF) have to be 

identified to implement, adopt and adjust the Blueprint to the national framework and condi-

tions. 
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6 Steps Foreseen 

First of all, due to the cyclic concept and social innovation process of SPIRE-SAIS, all the 

existing elements, deliverables, tools, and measures will be further developed and improved 

by new insights, databases and repositories will be added with new elements: Namely a job 

profile related skills assessment (skills gaps, current and future proficiency levels) and a job 

profile database improvement (connected with ESCO/ISCO occupations and the related VET 

database). 

Within the first implementation and testing phase 2022 the necessary parameters for a sus-

tainable integration and alignment of SPIRE-SAIS and its main elements (SIHub and Training 

Platform) with the described existing European and national/regional structures will be elabo-

rated, establishing interrelated Alliances and Leadership on the European and sectoral level, 

fostering joint Blueprint activities and setting the ground for a national/regional rollout. Special 

attention has the organisational integration and sustainable running of the Training Platform.  

Furthermore, we will examine in how far pilot training tools, measures and arrangements are 

reaching out to the target groups, how far they have to be improved, adjusted or (if necessary) 

generally changed. Within this test environment, additional, more specific and further needed 

training offers will be checked, esp. train the trainer modules, to be integrated or improving the 

Training Platform. More pilot training modules and offers from the sectors and training provid-

ers will be collected and integrated. Especially didactical measures will be examined, combin-

ing on the job, on-site training in companies and VET schools with online training. 

Beside the already running cooperation with ESCO, the Blueprint will engage with other Euro-

pean tools, such as ECQA (European Certification and Qualification Association) for certifica-

tion of industrial symbiosis related skills and training modules, the Pact for Skills and the 

CEDEFOP Skills Intelligence Platform to exchange our results with the broader education and 

industry community, and Europass to collect learning outcomes for the individual learner. 

The Skills Intelligence Hub for Industrial Symbiosis will be implemented as a central coordina-

tion unit, to be aligned with existing European industry sector structures. The SIHub will bundle 

all the necessary activities to (a) monitor and evaluate regularly technological and economic 

developments and related industry skills requirements for Industrial Symbiosis (Foresight Ob-

servatory, Technology and Skills Radar), and (b) to ensure the alignment and support the Eu-

ropean IS Training Community.  

Reducing the foresight observation to a manageable set of indicators, a regular (bi-)annual 

foresight survey (Technology and Skills Radar) based on the questionnaire already developed 

will be elaborated and tested, esp. against the background of the acceptance of the sectors.  

Moreover, additional indicators, recommendations, (self) assessment tools, and incentives will 

be developed, engaging and supporting companies, training and education providers, associ-

ations and social partners, public education authorities to find their place in the SPIRE-SAIS 

Skills Alliance. Additional tasks of the SIHub for 2022 comprise the formulation of policy rec-

ommendation and claiming policy support, allowing a place for pilot measures and tests, in-

centives, dividing responsibilities and leadership, and not at least launching and conducting 

campaigns concerning esp. image, recruitment, and talent management. 

For the test and rollout phase 2022/23 an implementation (Deliverable D6.1) and exploitation 

plan (Deliverable D6.3) will be developed setting the ground for the sustainability of the Blue-

print Alliance and gathering first experiences of rollout strategies and possibilities at sectoral, 
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national and regional level. Beside the European (SPIRE and its sector associations) the re-

gional level in line with the ECoP and Hubs for Circularity of the new SPIRE program “Pro-

cesses for Planet” will be of high attention and relevance for SPIRE-SAIS. 
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7 Annex 

7.1 List of Abbreviations 

Abbreviation Meaning 

CVET Continuing Vocational Education and Training 

ECVET European Credit System for Vocational Education and Training 

ECoP European Community of Practice 

ECoP U-IS European Community of Practice for Urban Industrial Symbiosis 

ECTS European Credit Transfer and Accumulation System 

EE Energy Efficiency 

EFRE European Regional Development Fund 

EntreComp Entrepreneurship Competence Framework. 

EQF European Qualifications Framework 

EQAVET European Quality Assurance in Vocational Education and Training 

ESCO European Skills, Competences, Qualifications and Occupations 

ESF European Social Fund 

FP6 Sixth Framework Programme 

FP7 Seventh Framework Programme 

H2020 Horizon 2020 

H4C Hubs for circularity 

HE Higher Education 

HEU Horizon Europe 

IS Industrial Symbiosis 

ISCO International Standard Classification of Occupations 

IVET Initial Vocational Education and Training 

KPI Key Performance Indicator 

LCA Life Cycle Assessment 

MFA Material Flow Analysis 

NEET Not in Education, Employment or Training 
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NGO Non-governmental organisation 

P4Planet Processes for Planet 

pre-VET pre Vocational Education and Training 

PWG Permanent Working Groups 

RFCS Research Fund for Coal and Steel 

SET Strategic Energy Technology 

SIHub Skills Intelligence Hub 

SMART Specific, Measurable, Achievable, Realistic and Time-bound 

SME Small and medium-sized enterprises 

SRIA Strategic Research and Innovation Agenda 

SRL Symbiosis Readiness Levels 

STEM Science, technology, engineering, and mathematics 

U-IS Urban Industrial Symbiosis 

VET Vocational Education and Training 
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7.3 Key Definitions 

• Industrial Symbiosis (“Study and portfolio review of the cluster of projects on industrial 

symbiosis directorate Prosperity in DG Research and Innovation: Findings and recommen-

dations”. European Commission. March 2020). The definition is from a CEN Workshop 

Agreement on Industrial Symbiosis in 2018: “Industrial symbiosis is the use by one com-

pany or sector of underutilised resources broadly defined (including waste, by-products, 

residues, energy, water, logistics, capacity, expertise, equipment and materials) from an-

other, with the result of keeping resources in productive use for longer.” 

• Energy Efficiency:  ‘Energy efficiency’ means (technically)  the ratio of output of perfor-

mance, service, goods or energy, to input of energy.[DIRECTIVE 2012/27/EU OF THE 

EUROPEAN PARLIAMENT AND OF THE COUNCIL of 25 October 2012 on energy effi-

ciency, amending Directives 2009/125/EC and 2010/30/EU and repealing Directives 

2004/8/EC and 2006/32/EC] In industrial context, Energy efficiency simply means using 

less energy to perform the same tasks required to provide products and services. It refers 

to more efficient, conservative use of energy across all sectors– that is, eliminating energy 

waste. Energy efficiency brings a variety of benefits: reducing greenhouse gas emissions, 

reducing demand for energy imports, and lowering our costs on a household and economy-

wide level. [EESI,CEDEFOP,SPIRE-SAIS WP3] 

• Skill, Competence, Knowledge, Attitude, Task, Qualification: According to the Euro-

pean Qualifications Framework (EQF) and European e-Competence Framework (e-CF), 

skills, knowledge and attitudes are components of competences. Competences are there-

fore defined as the ability to use skills, knowledge and attitudes to achieve results. Skills 

and knowledge are mainly regarded separately, even though some sources define skills 

as the ability to apply knowledge, describing skills as a synonym for competences.  

o Skills: In general, skills can be defined as capabilities to complete a task. ILO (In-

ternational Labor organization) defines ‘skill ‘very firmly,  as the ability to carry out 

the tasks and duties of a given job ESCO and European Qualifications Framework 

(EQF) applies the same definition of “skill” as CEDEFOP: “skill means the ability to 

apply knowledge and use know-how to complete tasks and solve problems”. Skills 

can be described as cognitive (involving the use of logical, intuitive and creative 

thinking) or practical (involving manual dexterity and the use of methods, materials, 

tools and instruments). (https://ec.europa.eu/esco/portal/escopedia/Skill) [Cedefop; 

European Parliament and Council of the European Union, 2008.] 

o Competences: Competences are defined as demonstrated ability to apply 

knowledge, skills and attitudes for achieving observable results in e-CF. ESCO ap-

plies the same definition of “competence” as the European Qualification Framework 

(EQF): “competence means the proven ability to use knowledge, skills and per-

sonal, social and/or methodological abilities, in work or study situations and in pro-

fessional and personal development”. They are described in terms of responsibility 

and autonomy. (https://ec.europa.eu/esco/portal/escopedia/Competence) 

o Knowledge: “Knowledge is sometimes viewed as if it was a concrete manifestation 

of abstract intelligence, but it is actually the result of an interaction between intelli-

gence (capacity to learn) and situation (opportunity to learn), so is more socially-

constructed than intelligence. Knowledge includes theory and concepts  and tacit 

https://www.spire2030.eu/sites/default/files/users/user85/spire-sais_deliverable_d2.1_technological_development_version_1_.pdf
https://www.spire2030.eu/sites/default/files/users/user85/spire-sais_deliverable_d2.1_technological_development_version_1_.pdf
https://ec.europa.eu/esco/portal/escopedia/Skill
https://ec.europa.eu/esco/portal/escopedia/Competence
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knowledge gained as a result of the experience of performing certain tasks. Under-

standing refers to more holistic knowledge of processes and contexts and may be 

distinguished as know-why, as opposed know-that.” [Typology of Knowledge, Skills 

and Competences, CEDEFOP, 2006] 

According to the e-CF (European e-Competence framework), knowledge repre-

sents the set of know-what, such as programming languages or design tools, while 

the EQF describes knowledge (theoretical and factual) as the assimilation of infor-

mation (body of facts, theories, practices and principles) through learning. ESCO 

applies the same definition for knowledge as the European Qualifications Frame-

work (EQF). According to this, “knowledge means the outcome of the assimilation 

of information through learning. Knowledge is the body of facts, principles, theories 

and practices that is related to a field of work or study. Both skills and competences 

rely on factual and theoretical knowledge, the difference lies in the way this 

knowledge is applied and being put into use. (https://ec.europa.eu/esco/por-

tal/escopedia/Knowledge) 

o Attitude: With skills and knowledge being the main components of competences, 

attitudes can be regarded as the glue that keeps them together. Attitudes are de-

scribed as the cognitive and relational capacity as well as the motivation to do 

something. 

o Tasks: Actions necessary to turn a set of inputs into valuable outputs. Tasks can 

be considered as the content of jobs. In essence: Tasks are what needs to be done 

and skills define the capacity to do them. In ESCO database, each occupation 

comes with an occupational profile, in which the knowledge, skills and competences 

that are relevant for the respective occupation are listed. ESCO’s skills pillar con-

tains knowledge, skills and competences. 

o Qualifications: Qualifications are understood as “the formal outcome of an assess-

ment and validation process, which is obtained when a competent body determines 

that an individual has achieved learning outcomes to given standards” 

(https://www.cedefop.europa.eu/node/11256 

https://ec.europa.eu/esco/portal/escopedia/Knowledge
https://ec.europa.eu/esco/portal/escopedia/Knowledge
https://www.cedefop.europa.eu/node/11256
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7.4 Facts and Figures 

7.4.1 CERAMIC SECTOR 

 

CERAMIC  

SUBSECTORS 

 

Walls and floor tiles, Bricks and roof tiles, Refractories, Tech-

nical ceramics, table and ornamental ware, Sanitaryware, Ex-

panded clay, Clay pipes, Porcelain enamel 

DIRECT JOBS 

 

200 000 

PRODUCTION (€) 

 

31 bn 

ENERGY 

 

Fuel is used to obtain the temperature needed for the pro-

cesses: spray-drying, drying and firing processes. There is still 

potential to reduce the energy needed. According to the sec-

tor’s 2012 roadmap electrification could be possible but this is 

not yet economically viable or demonstrated. Besides electric-

ity, bioenergy or hydrogen can be used to replace fossil fuels if 

new burners are developed and tested. Moreover, ceramics is 

also looking into the possibility of developing microwave-as-

sisted gas firing (MAGF) kilns 

The process emissions can be mitigated using CCS or CCU 

(Carbon Capture and Storage and Utilization, respectively). 

WASTE 

 

Most of the process residues (unfired and fired scrap tiles, 

sludge from cleaning operations, waste from mechanical treat-

ments, among others) can be fed back into the process. 

Most end-of life ceramics are found in construction and demo-

lition waste, these could be reused to make new ceramics ap-

plying an appropriate C&D Waste sorting out process 

RAW MATERIALS 

 

Access to raw materials (bauxite, silicon carbide, magnesia, 

etc.) is a key factor regarding ceramic sector competitiveness 
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INDUSTRIAL SIMBIOSYS 

(IS) 

 

A very extended example of IS in the ceramic sector is the re-

use of water used in the manufacturing process in the raw ma-

terial preparation process. Other example is the use of recycled 

material (urban residues, internal or external residues from pro-

duction processes and ceramic products at the end-of life) as a 

substitutive for raw materials. 

REFERENCES 

 

Spire, 2021, BEIS, 2017Cerame-Unie, 2012, Cerame-Unie, 

2012, Cerame-Unie, 2021Raw materials, metals, minerals and for-

est-based industries | Internal Market, Industry, Entrepreneurship 

and SMEs (europa.eu) 

7.4.2 STEEL SECTOR 

 

STEEL  

SUBSECTORS 

 

Steel is primarily made using two different technologies: 

• Integrated steel plants are used to make primary steel 

(i.e. virgin steel) mostly from iron ore, which is extracted 

from mines, and a small share of scrap steel. 

• In contrast, in an electric arc furnace (EAF), scrap steel 

and/or scrap substitutes such as direct reduced iron 

(DRI) are melted using electrical energy; 

DIRECT JOBS 

 

Steel is a genuine EU in-

dustry with 500 produc-

tion sites across 23 EU 

countries and employed  

320,000 people directly. 

The total number of jobs 

enabled by the steel in-

dustry is 7.9 times the 

steel industry’s own em-

ployment 

PRODUC-

TION (€) 

 

The steel sector in 

Europe has an an-

nual turnover of EUR 

166 billion.  With an 

output of 168 million 

tonnes of crude steel 

per year (10% of 

global production), 

the EU is the second-

largest producer in 

the world. 

https://ec.europa.eu/growth/sectors/raw-materials_en
https://ec.europa.eu/growth/sectors/raw-materials_en
https://ec.europa.eu/growth/sectors/raw-materials_en
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ENERGY 

 

Energy and carbon (coking coal) are used to separate iron from 

oxygen in an energy-intensive blast furnace; besides coal, elec-

tricity and natural gas are used; 

in an electric arc furnace (EAF), scrap steel is melted using 

electrical energy; 

WASTE 

 

During the iron- and steelmaking processes, several wastes are 

produced, such as slags, dusts, mill-scales and sludges. On 

average, for one tonne of steel 200 kg in the scrap-based 

steelmaking and 400 kg in the iron ore-based steelmaking of 

by-products are produced 

RAW MATERIALS 

 

Access to raw materials (Iron ore, scrap, alloys, lime, etc.) is a 

key factor regarding steel sector competitiveness  

INDUSTRIAL SIMBIO-

SYS (IS) 

 

In general, by-products generated in the iron- and steelmaking 

processes can be used in different sectors: 

• iron oxides and slags can be used for external applications, 

such as Portland cement 

• zinc oxides, produced in the EAF route, can be used as a 

raw material mainly through the Waelz process 

• gas from iron- and steel processes are cleaned and inter-

nally used, for instance, for producing electricity 

On the other hand, by-products from other industrial sectors 

can be applied in the steel industry a secondary and recycled 

materials (biomass, residues from food companies, plastic and 

rubber wastes) 

REFERENCES 

 

Clean Steel RoadMap, ESTEP 

Strategic Research Agenda, ESTEP 
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7.4.3 CEMENT SECTOR 

 

Cement  
(NACE C23.5, Manufacture of cement, lime and plas-

ter) 

SUBSECTORS 

 

Cement, lime, plaster 

DIRECT JOBS 

 

83252 

PRODUCTION (€) 

 

56bn 

ENERGY 

 

 

"60-70% of the carbon results from the breakdown of limestone, 

which is a chemistry driven process and hard to reduce through 

ARM/ substitution. The remaining 30-40% derives from the fuel 

and can be substituted" 

WASTE 

 

"Most of the process residues (waste heat, cement kiln dust) 

can be fed back into the process or into other processes (see 

below). End of life cement is bound up in concrete and other 

construction and demolition waste, often recycled back into 

sectoral applications. 
 

RAW MATERIALS 

 

MINERALS (CLINKER, LIMESTONE, CLAY, GYPSUM) AND 

FUEL 
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INDUSTRIAL SIMBIO-

SYS (IS) 

 

"Inputs through IS: paper sludge and clay, gypsum (clinker), 

blast furnace and steel slag, copper and nickel cleaned slag, 

waste plaster iron slag, iron oxide, used tires, waste plastics, 

salt slag for aluminium oxide, waste casting sand and sewage 

sludge. automotive shredder residue, foundry sand, waste 

paint, waste solvents, MSW incinerator ash, wastewater 

sludge, beer sludge, waste filtering material, rice hulks, meat, 

bone and fat from meat processing, silica fume, spent pot liner, 

fly ash,  by-products of cement production used by other indus-

tries, cement and lime kiln dust is used for road stabilization 

and soil treatment, waste heat for district heating, nickel zine 

copper and lead to secondary smelters. 

•    Pulverised Fuel Ash, waste from coal-fired power plants, to 

substitute for clinker. 

•    Cement kiln dust, used bricks from kiln lining and rejected 

concrete roof tiles can all be fed back into the process to re-

place virgin materials. 

•    Broken moulds from the ceramics industry are being used 

to replace mined gypsum  

•    Waste foundry sand and gypsum  

•    Mill scale (flakes of oxide coating) from steel rolling to pro-

vide iron oxide 

•    Dried sludge from wastewater treatment 

•    Ground granulated blast furnace slag (from iron manufac-

ture) and PFA can also be used to partially replace cement in 

concrete 

•    Water can be supplemented with treated waste water and 

site drainage run-off." 

REFERENCES IDEA 2015, Sizing IS market 

7.4.4 MINERALS SECTOR 

 

MINERALS  

SUBSECTORS 

 

Minerals sector association covers and represent the interests 

of multiple minerals such as: andalusite, bentonite, borates, 

calcium carbonate (precipitated and ground), diatomite, dolo-

mite, feldspar, limestone, lime, kaolin, plastic clay, sepiolite, 

magnesite, silica sand and talc. 
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DIRECT JOBS 

 

47500 

PRODUCTION (€) 

 

15 bn 

ENERGY 

 

 

To extract and process minerals there is need for energy 

and fuels. The sector has demonstrated via the various 

Life Cycle Inventories that the energy consumption and 

the carbon footprint are reduced over the years.  

EMISSIONS 

 

The process emissions especially for the minerals that have a 

calcination step can be mitigated using CCS or CCU (Carbon 

Capture and Storage and Utilization, respectively). The natural 

carbonation in lime sector has demonstrated that can reduce 

in average 33% of the process emissions during the use 

phase based on a recent study conducted by PoliMI. 

WASTE 

 

Most of the mining waste is used as top-soil in restoration ac-

tivities. By-products from the mineral processing can be feed-

back into the process or valorised in other applications 

Most end-of life minerals are embedded in various applications 

where they are used (i.e. construction, glass, plastic, water pu-

rification, steel, paper, …). The recycling of these applications 

when they meet the quality criteria, will reduce to some extend 

the pressure for primary raw materials and contribute to circu-

larity practices. However important to stress is that, the recy-

cling alone will be insufficient to supply demand for minerals. 

RAW MATERIALS 

 

Due to the enabling role of minerals in multiple sectors, the ac-

cess to industrial minerals from EU is a key factor regarding 

mineral sector competitiveness 
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INDUSTRIAL SIMBIO-

SYS (IS) 

 

A very extended example of IS in the minerals sector is the pro-

duction of precipitated Calcium Carbonate (PCC) within paper 

mills as part of the so known satellite plants. The satellite plants 

that account for around 80% of operations in EU, deliver on IS 

principles as they avoid transport and result in resource optimi-

sation thanks to tailored dosing. 

Other example is the use of recycling of gypsum via the Flue 

Gas Treatment (FGT) with lime/GCC in coal fired plants. The 

gypsum from this route supplies for 60% of demand in Germany 

and around 50% across EU.  

REFERENCES 

 

Spire, 2021, IMA Roadmap (2014); IMA recycling sheets 

(2018); IMA Minerals Contribution to Circular Economy (2018); 

EuLA Innovation report (2018); EuLA Carbonation study 

(2021).  

7.5 Detailed Figures 

(a) Barriers Faced in EE and IS 
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(b) Expected economic and social benefits 
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(c) Skills assessment (examples Energy Manager) 

 

PROFILE TITLE Energy Manager 

ISCO Code 1349.12 

Mission Energy managers coordinate the energy use in an organisation, and aim to implement policies for increased 
sustainability, and minimisation of cost and environmental impact. 

TASKS Current Future 

Main task/s adhere to organisational guidelines 
advise on systems energy efficiency 
advise on utility consumption 
analyse energy consumption 
carry out energy management of facilities 
compose energy performance contracts 
conduct energy audit 
adhere to organisational guidelines 
develop energy policy 
develop manufacturing policies 
manage staff 
manage supplies 
promote environmental awareness 
promote innovative infrastructure design 
promote sustainable energy 
promote sustainable management 
supervise daily information operations 

(here it should be listed, which tasks are 
changing/modified in which way, and if new tasks 

appear) 

Equivalent profiles energy and sustainability manager 
energy procurement manager 
energy policy manager 
energy monitoring manager  

SKILLS   Current Level Future Level 

Technological skills 

Industrial 
Symbiosis skills 

IS basic understanding      

System optimisation & process analysis     

Field experience (in IS)     

Product life cycle thinking assessment      

Sustainable resource management      

Energy efficiency Understanding energy use & costs     

Energy management of equipment and parts     

System optimisation & process analysis     

Energy data collection & analysis      

Field experience (in EE)     

SKILLS   Current Level Future Level 

Transversal skills 

Individual, 
personal skills 

Environmental awareness     

Collaboration     

Entrepreneurship and initiative taking     

Complementary, systematic, critical thinking     

Creativity     

Regulatory skills General regulatory awareness     

Legislation on waste & energy management & CO2 
emissions 

    

Business related 
skills 

Business knowledge       

Identification of potential opportunities      

Fostering cooperation      
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(d) Skills assessment (example Liquid Waste Treatment Operator) 

 

PROFILE TITLE Waste Management Technician (Liquid Waste Treatment Plant Operator 

ISCO Code 3132.2 

Mission Liquid waste treatment technicians remove hazardous chemicals and pollutants from liquid waste such as 
oil so that it can be safely used for new applications. They operate and maintain liquid waste treatment 
equipment, monitor operations, and test samples to ensure the safety standards are met. 

TASKS Current Future 

Main task/s analyse experimental laboratory data 
document analysis results 
drain hazardous liquids 
ensure compliance with environmental legislation 
handle chemicals 
handle waste 
measure density of liquids 
perform laboratory tests 
perform water treatments 
test chemical samples 

(here it should be listed, which tasks are 
changing/modified in which way, and if new 

tasks appear) 

Equivalent profiles liquid waste treatment plant worker 
liquid waste plant monitoring operator 
liquid waste tester 
liquid waste treatment plant operative 
liquid waste treatment plant operator 

SKILLS   Current Level Future Level 

Technological skills 

Industrial 
Symbiosis skills 

IS basic understanding      

System optimisation & process analysis     

Field experience (in IS)     

Product life cycle thinking assessment      

Sustainable resource management      

Energy efficiency Understanding energy use & costs     

Energy management of equipment and parts     

System optimisation & process analysis     

Energy data collection & analysis      

Field experience (in EE)     

SKILLS   Current Level Future Level 

Transversal skills 

Individual, 
personal skills 

Environmental awareness     

Collaboration     

Entrepreneurship and initiative taking     

Complementary, systematic, critical thinking     

Creativity     

Regulatory skills General regulatory awareness     

Legislation on waste & energy management & CO2 
emissions 

    

Business related 
skills 

Business knowledge       

Identification of potential opportunities      

Fostering cooperation      

Business model transformation     

Project planning and management     
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7.6 Sectoral Organisational Flowcharts 

7.6.1 Cement 

 

7.6.2 Ceramics 
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7.6.3 Minerals 

 

7.6.4 Steel 
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SPIRE-SAIS: Prototype of the Blueprint (Deliverable 5.2) 

81 

 

 

7.6.5 Water 
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7.6.6 Chemical 

 


