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This reportdescribes the main findings resulting from the assessment of the labour market relevant
skills for the green transition. The report identifies the six industrial sectors targeted b@REEEN
project, identifying a selection of Key occupations for the green transition, and reviewing the skills and
competences described for them in ESCO database, considering the Greencomp framework and the
ESCO green skills labels. It also includes a revisithe ghain trainings allowing to develop these
occupdions at least in two of the most relevant countries for their sector.

It will serve as a basis to develop a set of core green skills for the labour market.
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EXECUTIVE REPORT

The European Green Deal is propelling an ambitious vision of a clireateal, resourceefficient, and
competitive economy. To attain this vision, the European Union (EU) is embraceggrerative
growth model, driven by circular principles and sustainable practices. Key to this transformation are
certain occupations that play a pivotal role in executing sustainable strategies, implementing green
technologies, and fostering eddendly processes.

This report stems from a rigorous assessment of skills essential for the green transitiooss Six
industrial sectorspivotal for steering the green transition Additive Manufacturing, Automotive,
Batteries, Defence, Energy, andaritime Technologies Leveraging the GreenComp reference
framework for sustainability competences and the ESCO database, our analysis focuses on the
industry's critical roles. These roles range from "wititdlar" professionals to "blueollar" workers, all

of whom contributesignificantly to sustainable practices.

Our methodology involves desk analysis of blueprint projecttargeting thesix sectors. From this
foundation, we ascertaireach sector features and seledhe pivotal occupations for the green
transition. A total of 45 occupations have been identified, and for each one of themE8@O skills
have beerreviewed, identifying gaps and aligning them with Green European Competence framework.
Furthermore, we explom the most relevantraining programs acrosgurope, analysing their how
could they be improvetb ensure the preparation of workers and students for the green transitton
gualitative research component has been integrateldveraging online focus groups with experts from
the blueprint projects, the laboumarket, and the education and training community. total, 96
experts in the targeted sectors have been informed of this processb2hédve actively contributed to
the discussiongogether with the 15 partnerslaborating this reportA special care has been taken to
ensure an age and gender balance in the focus groups.

These six sectors addressed, categorized by their maturity, encommdkestablished fields like
defenceand automotive, necessitating a shift to more sustainable practices. Converseigrging
sectors, such as batteries and additive manufacturimesent opportunities to embed sustainability

from their inception, impacting diverse areas ldkefence energy, and transportation.

In the green transition journey, thenergy and marine technologies sectors form a hybrid category,
amalgamating both traditional and emerging sukectors This amalgamation demands a skilled
workforce capable of orchestrating a seamless transition to sustainable practices. Across all these
sectors, a unified effort from policymakers, educators, and employers is imperative to equip the
workforce with the rguisite skills for the challenges ahead.

Considering ageographic crossectoral approach the leadership and contributions of specific
countries stand out. Germany consistently emerges as a key player, notably in additive manufacturing
and the automotive industry, reflecting its robust commitment to sustainable technologies. Spain and
Swedentake the lead in advanced battery technologies, while the United Kingdom, with its expertise
in offshore renewable energy, contributes significantly to the green landscape. France, renowned for
its prowess indefenceand offshore renewable energy, demonstrates a multifaceted approach to
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sustainability.

Moreover, Italy, Belgium, and the Netherlands feature prominently in the additive manufacturing and
maritime technologies sectors, illustrating a collaborative European effort in the green transition.
Eastern European countries, including the Czech Repubdmania, and Poland, play pivotal roles in
defence and automotive, underlining the distributed nature of sustainable practices across the
continent.

Identifyingthe most relevant occupationgor the green transitioninvolved a comprehensive analysis

of blueprint projects and insights from GREEN focus groups across sectors. This process piipointed
key occupations, with engineering and managerial roles dominafiagd only one naval architect
spanning different sectors. Designers and Engineers emerged as crucial contributors, steering material
choices and sustainability solutions. Research and development roles, particularly in emerging sectors,
are poised to drig innovation and recycling f@ircular economy goals.

Digital specialists play a vital role, integrating solutions for data management and cybersecurity in green
practices. Operational employees, while perceived to have minimal environmental impact in highly
automated sectors, were included in additive maruitaing, defence and maritime technologies,
underlining their role in efficient and eemnscious production. Notably, training roles were specifically
recognized in the automotive sector, suggesting potential importance across sectors.

Among the 45 occupations, the Innovation Manager and Training Manager were highlighted for their
crosssectoral impact on the Green Transitiprbacked by broad consensus in crgsstoral focus
group. Additional crossectoraloccupations proposed for consideration include data scientists, Al
specialists, sustainability and environmental managers, reliability engineers, designers, and repair and
maintenance roles.

Occupations were categorized based on their primary roles in the value chainthrg groups
identified for their crosssectoral impact on the GREEN transition: Sustainability and Environment
Management, Innovation Management, and Researdrhis grouping was endorsed by experts in the
crosssectoral focus group, who also emphasized the importance of digital tdeesycleand waste
management, and operational processes.

While specific skill needs for the green transition can be identified and anticipated, it is imperative to
emphasize the necessity for an attitudinal andehavioural shift that complements the already
identified skills within different qualification frameworks, as outlined in the GREENCOWMi2 ESCO
labelling framework emerges as a pivotal tool in this landscape, providing a standardized and
comprehensive approach to recognizing and assessing individuals' proficiency in these critical fields
It is noteworhy, however, that not all selected occupations are encompassed within the ESCO
database.

Occupational profiles were succinctly summarized, encompassing skills, competencies, and knowledge.
In-depth scrutiny was applied to skilsbelledas GREEN in ESCO, with the focus group contributing
insights that prompted the identification of new green skills for inclusion. Proposals were made to
enrich the ESCO green skills list, both by introducing new terms and by infusing a green perspective in
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existing skills, particularly pertinent in research and development roles. Finally, in the sectoral analyses
for additive manufacturing, automotive, batteries and defence, a classification has been suggested,
categorizing the remaining skills and knowle@dgewhite and brown.

A total of 228 skills for the Green Transition were identifiedith 49 skills and 25 knowledge areas
labelledas green by ESCO and an additional list of 13 skills and 4 knowledge areas critical for the green
transition, not yet classified as green in ESCO. A comprehensive list of 49 skills and 42 knowledge areas
not tagged as green was proposed for embedding anability. Batteries, Energy, and Maritime
Technologies demonstrated significant overlap in green skills and knowledge.

A select group of six skills emerged as relevant for at least three sectors, such as assessing
environmental impact, ensuring compliance with environmental legislation, identifying energy needs,
promoting sustainable energy, and knowledge of renewable ggnéechnologies, solar energy, and
renewable energy technologies. In the cregstoral focus group, experts highlighted the significance

of Critical and GREEN thinking, proposing an expansion of transversal skills to include communication,
leadership, teenwork, sustainability literacy, and project management.

The skills supply analysis delved into existing training provisions for selected occupations, emphasizing
green skills coverage. Specialized providers, particularly blueprint projects and sectoral alliances, played
a key role in training for sectors likelditive Manufacturing, Automotive, and Batteries. Noteworthy

was the identifiecheed to enhance sustainability integration across disciplines and augment practical
experiences to nurture transversal skill3he crossectoral focus group emphasized two #duhal
areas:Measuring and assessing environmental impact amptingto rapid technological changes

In promoting collaboration between industry and educational institutions, three methods were
endorsed:collaborative projects, industry expert involvement in curriculum development, and the
organization of internships, apprenticeships, or cooperative educational programs

A unanimous crossectoral agreement was observed in prioritizing the training of Managers and
Heads of Education and TraininGentresto elevate their skills for an acceleration of the green
transition. Recommendations underscored a dual focus on raising awareness and motivation alongside
technical training. While sectoral focus groups lacked consensus on optimal training formats, in th
crosssectoral focus group, webinars combined with-thie-job training and MOOCs emerged as the

top two preferred optiors.

Together, we navigate towards a greener horizon.
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1. Introduction

The European Green Deal has set forth an ambitious strategy for achieving a-clenatd, resource
efficient, and competitive economy. To realize this vision, the EU aims to transition towards a
regenerative growth model, reducing resource consumptioithw planetary boundaries and
embracing circular principles to double its material use rate in the next decade.

In this context, certain occupations can play a more significant and strategic role. These key occupations
play apivotal role in driving sustainable practices, implementing green technologies, and fostering eco
friendly processes. While "whieollar" occupations play a crucial role in driving and strategizing the
green transition, "bluecollar" workers with less fonal education also play a significant and
indispensable role in implementing sustainable practices on the ground. These workers are
instrumental in translating green strategies into tangible actions, making a direct impact on the
sustainability efforts whin their sectors. In both cases, it is crucial for key workers to possess the
appropriate capacities, skills, and competencies. Equipping these workers with the necessary
knowledge and expertise will enable them to contribute significantly to the sudigiiyaefforts within

their sectors.

/| SRST¥2L) RSTAYySa 3INBSy aiArtfta a adKS (yz2¢6tft SRIST |
and support a sustainable and resow®eF FA OASYy (i a20ASde¢ o6/ SRSTF2LIZ  H.
indispensable across all sectors and at all levekh®fworkforce, supporting the development and
maintenance of a sustainable and resouefécient society. By investing in the capacities of key
workers through targeted training and skill development initiatives, industries can unlock the full
potential of their workforce in driving the green transition.

The capacity building process for the green transition is supported by two pillar&rdgenCompa
standardized framework for green competences, and the ESCO database: a comprehensive database
for skill identification:

- GreenComp Reference Frameworkhe GreenComp framework serves as a standardized
reference model for sustainability competences at the European level. GreenComp offers a
comprehensive set of twelve competences, organized into four distinct areas:

o Embracing Sustainability valuegValuing sustainability, supporting fairness and
promoting nature).

o0 Embracing complexity in sustainabilifigystems thinking, critical thinking and problem
framing).

o Envisioning sustainable futureduture literacy, adaptability and exploratory thinking).

o Political agency(Political agency, collective action, and individual initiative).

- ESCO Database for Identifying Green Skilllie ESCO (European Classification of Skills,
Competences, Qualifications, and Occupations) database plays a vital role in identifying and
cataloguingskills and competences relevant for each occupation. The recent addition of green,
brown, and white skill labels further highlights the commitment to sustainability and supports
the identification of skills with a positive impact on the environment:
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o0 brown skills: those increasing the negative impact of human activity on the

SY@ANRYYSY({izZ & GLNBRdAzOGAZ2Y 2F St SOGNROAGE
o whiteskilsy Ay Of dzZRAy3 1y2¢fSRAS yR aijirtfta 0(KIG
AYLI OG Ay GKS Sy@ANRYYSyidsz |a F2NJ SEI YLX SY

o green skillsall the skills that help protecting the environment by reducing the negative

AYLI OG 2F Kdz¥ly FOGAGAGE 2y (GKS SYBANRYYSY

FNRY 3IS20KSNXIf SySNHeé¢d aSlIysgKAfS az2ys

engineering, manufaaring, construction or natural sciences.

This report presents the key findings of the comprehensive assessment conducted to identify the
relevant skills for the green transition in the six industrial sectors targeted by the Green project. By
bridging the gap between identified green skills andikable training programs, this report provides a
roadmap for fostering a workforce that is welljuipped to navigate the challenges and opportunities
presented by the green economy. It paves the way for a more sustainable and resilient labour market,
ensuing a brighter and greener future for the European workforce and beyond.

2. Objectives

This report aims to assess the labour market needs for the green transition within six specific industrial
sectors: Additive Manufacturing, Automotive, Energy, Batteries, Defence, and Maritime. The primary
goal is to identify key occupations crucial forcifdating the green transition in each sector,
understanding the skills and expertise required for sustainability efforts.

The report will utilize the ESCO taxonomy to describe the identified green skills associated with these
key occupations, ensuring coherence and alignment with established skill frameworks. In cases where
the green transition brings about changes in job roles within the targeted sectors, the report will
propose skill revisions or additions to accommodate the evolving demands and complexities of the
sustainability drive. This approach aims to enhance the acgwad relevance of the identified green
skills, equipping the workforce with the expertise needed to thrive in a rapidly evolving green economy.

Additionally, the report will map the National Vocational Education and Training (VET) supply
concerning green skills coverage to assess the current state of available training and identify potential
gaps. By doing so, it will help in developing a setooé green skills tailored to the labour market's
needs, aligning with the green transition objectives.

In summary, this comprehensive report aims to provide valuable insights and recommendations for
policymakers, industry stakeholders, and education providers to bridge skill gaps and facilitate a smooth
and successful green transition across the selectddsdtrial sectors.

3. Methodology
The methodology for this analysis entailed a desk analysis, which involved a comprehensive review of
the findings from the blueprint projects Drives, Eddie, Albatts, Assets, Mates, and SAM, all of which
have targeted the six sectors addressed.
A comprehensive examination of each sector allowed to ascertain its main features and relevance
Pagelo of 209
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across the EU. Through this analysis, a careful selection process has been undertaken to identify 2 to 4
key occupations crucial for driving the Green transition. The chosen occupations have been selected
based on their vital role in supporting sustainabiinitiatives within their respective sectors.

A review of the ESCO skills related to the chosen occupations has been conducted. This assessment
focuses on identifying skills labelled as Green within the ESCO taxonomy and discerning any potential
skill gaps that might exist. By evaluating the alignmeinthe identified skills with Green European
Competence framework, the report aims to ensure that the workforce possesses the essential
competencies needed to drive sustainability efforts effectively.

Furthermore, the analysis extends to the main training programs available for developing the selected
occupations. This review encompasses at least two of the most relevant countries for each sector. By
examining training opportunities in these countri¢se report seeks to shed light on the pathways
available for individuals to acquire the necessary skills and expertise demanded by the Green transition.

The combination of these analytical components ensures a comprehensive evaluation of each sector,
its vital occupations, the associated green skills, and the training landscape. To further augment the
methodology, a qualitative research component has begegrated, leveraging online focus groups
with experts from the blueprint projects, the labounarket, and the education and training
community. This interactive approach will provide valuable insights into the dynamic labour market
needs and skill requéments concerning the green transitidn.total, 96 expertsin the targeted sectors

have been informed of this process, ab@lhave actively contributed to the discussions. A special care
has been taken to ensure an age and gender balance in the focus groups.

The sectoral analysis and focus groups have been distributed among designated partners to ensure
comprehensive coverage of the targeted sectors:

Additive Manufacturing: Led by EWF in collaboration with CECIMO

Automotive: Coordinated by VSBJO with support from OLIFE

Batteries: Led by VSBJO in conjunction with OLIFE

Defence: Spearheaded by Mercantec with collaboration f@wantecand EWF

Maritime Technologies: led by CETMAR in collaboration with CT

= =4 -4 4

Additionally, recognizing the interconnectedness of sectors in their pursuit of sustainability, a cross
sectoral validation groupasidentified common green skills that transcend industry boundaries. This
crosssectoral focus groupas beercoordinated byEWE: involving a reduced number of experts from
the previous sectoral groupg.he results obtained during the sectoral focus groups are presented
throughout the document in the chapters dedicated to each of the sectors under study.

By combining desk analysis, ESCO green skills review, and qualitative research through focus groups,
this robust methodology endeavours to provide comprehensive and reliable insights into the labour
market needs and core green skills required for a sufalegseen transition within the identified
industrial sectors.
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4. The additive manufacturing sector

This section addressesdditive manufacturing(Covered by NACE rev.2 by:Nanufacturing and
Subsectors: C2Manufacture of rubber and plastic products/ CR8anufacture of other normetallic
mineral products /24 Manufacture of basic metals/ €ERanufacture of fabricated metal products,
except mabinery and equipment / C28Vanufacture of machinery and equipment n.e.c. /C29
Manufacture of motor vehicles, trailers and setrdilers)

Additive manufacturing is a new approach to industrial manufacturing where a physical object is
created by overlaying layers of material. According to ISO and ASTM (ISO/ASTM 52900:2015): Additive
Manufacturing (AM), noun, the process of joining materialsiake parts from 3D model data, usually

layer upon layer, as opposed to subtractive manufacturing and formative manufacturing technologies.
Many historical terms have circulated and are still being used today: additive fabrication, additive
processes, adtive techniques, additive layer manufacturing, layer manufacturing, solid freeform
fabrication, freeform fabrication and many more. It is important to note that AM does not imply a
certain application of the parts being produced like the definitions efdlder terms.

The same standard further specifies the names of 7 categories of Additive Manufacturing technologies:
Binder Jetting AM process in which a liquid bonding agent is selectively deposited to join powder
materials.

Directed Energy DepositiodM process in which focused thermal energy is used to fuse materials by
YStGAYy3 a4 (GKS& NS 0SAy3d RSLRAAGSR® b20S m (2
source (for example: laser, electron beam, or plasma arc) is focused to melt atexias being
deposited.

Material ExtrusionAM process in which material is selectively dispensed through a nozzle or orifice.
Material Jetting AM process in which droplets of feedstock material are selectively deposited. Note 1
to entry: Example feedstock materials for material jetting include photopolymer resin and wax.

Powder Bed FusiorAM process in which thermal energy selectively fuses regions of a powder bed.
Sheet laminationAM process in which sheets of material are bonded to form a part.

VAT Photopolymerisatio®M process in which liquid photopolymer in a vat is selectively cured by light
activated polymerization.

One of the aspectdiscussed during théocus groupwas the classification of AM as a sector. Although

it makes sense given the need for qualified workers and specific skills to analyse it as such, at the
moment, its scope and transversality to various economic sectors make this analysis difficult.
Concerning the AM relevance for the GREEN transition, as a vector helping other sectors, meaning it is
a set of technologies applied to several sectors. The analysis should cover as well as who are the main
sectors applying AM (such as ENERGY, DEFENNEPTRA)

AM as Cross sectoral toglsustainability in AM is a team effort.
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All AM technologies can be classified into one of the categories above.
The Additive Manufacturing value chain, independently of the process, material, or application, can
generically be encompassed in the six activities displayed, as represented in the figure below.

* Part concept

= Computer aided decign & simulation
* Topology optimization

* Reverse Engineering

* AM process selection
MOOELUNG &
DISIGN
* Repair processes
Feedstock recycling
= Raw material production

* Material qualifhication
MATERIALS
* Quality Assurance (non-destructive — 0'“ wrkar e
testing, metrology . ) PRODUCT
« Validation testing of new products
(destructive testing, non-destructive AM PROCLSS
* Process planning

testing, metrology...)

= Process control/monitoring
* Part removal
* Machine mamtenance

POST-PROCESSING

* Heat & Pressure treatment
= Machining
* Surface treatment

Fig 4.1 Additive Manufacturing value chain

Although there are different 3D printing technologies and materials, all are based on the same principle:
a digital model is turned into a solid 3D physical object by adding material layer by layer. Therefore,
common steps are also required from knowledgenarket.

The AM value chain (VC), defined in the framework of projects, such as, FoFaM anatidiinclude
the following set of activities:

Modelling & Design

The first step for 3D printing is always the production of a 3D model with the help of cormgidest

design software (CAD). Reverse engineering can also be used to generate a digital model via 3D
scanning. Then, it is required the conversion of the CABelrinto a STL (Standard Triangle Language)

file, which uses triangles to describe the surface of an object. Once the STL file has been generated, it
is imported into a slicer programme that converts it into a numerical control programming language,
makingit interpretable by the AM machine and ready to print. The slicer program also allows the
designer to customise the build parameters including support, layer height and part orientation.
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Due to the specific nature of the layby-layer building, the design process is substantially different
from conventional production methods. On the one hand, 3D printing lets designers create complex
shapes and parts, many of which cannot be producetidaitional manufacturing methods. Moreover,

to get the maximum value of the process, topology optimization by means of finite element methods
is usually recommended to identify each part of the structure where some material could be removed
while maintainng the integrity of the structure. On the other hand, the build strategy should be
considered during the design stage.

Materials

A wide range of materials can be used in additive manufacturing, including metals, thermoplastics,
ceramics, medical/biochemical materials, glass, etc. This VC segment refers to the production of high
quality raw materials as well as the development of r@ves. Materials requirements for AM include

the ability to produce the feedstock in a form amenable to the specific AM process, suitable processing
of the material by AM, capability to be acceptably ppstcessed to enhance geometry and properties,
and manifestation of necessary performance characteristics in service. On the other hand, it should be
considered that the raw materials used in additive manufacturing often have a limited shelf life and
require careful handling.

Considering materials to be a crucial segment in the AM value chain, there was a comseihgus

focus groupthat metals and polymersvere the materials on which we should focus our analysis for
the green transition, given their wide application in various sectors. It should be noted that the use of
other emerging materials such as glass, wood and concrete could become relevantitutbe f

AM process

Before the part starts to be created, the orientation of the design and the printer, as well as the process
parameters need to be set up. During the production time, process monitoring is important for quality
and production throughput.

Correct machine maintenance and calibration are also key factors to ensure process quality. After the
additive cycle is done, the part should be removed from the build plate in a safely way. For some
additive manufacturing technologies removal of the piigias simple as separating the printed parts
from the build platform. However, for other more industrial 3D printing methods the removal of a part
is a highly technical process that require highly skilled machine operators.

Postprocessing

For technologies that utilize support, it is removed at the post processing stage. Post processing is also
essential to compensate for undesired part properties which have been build up during the
manufacturing process. In this sense, 3D printing requdiéerent finishing considerations than
traditional manufacturing. Procedures for AM postprocessing can be divided in two different groups:

a) thermodynamic posprocessing, which comprises heating treatments of the AM manufactured part
relieving stresses and influencing its microstructure and porosity;

b) mechanical pogprocessing, which compensate for surface properties and dimensional tolerances
of the product.

Pagel4 of 209



3D
GREEN D3.1

EEN =

@ Greener European VET Network

Product

As 3D printing opens a new form of manufacturing, certification processes and standards for specific
processes and materials are still being developed. Therefore, it is key to perform necessary testing to
adequately certify that a part will work as interitleas well as to ensure repeatability for series
production applications.

Part quality assessment typically require competences on the testing of geometry, surface finish and
material properties. Surface examination can be performed by visual inspection, liquid penetrant
testing or magnetic particle inspection. Dimensional \al@h is possible even for complex parts using
laser scanning anehicro-CTmethods.

Other nondestructive methods such as radiography, ultrasonic inspection, acoustic emission, or leak
testing can be used to examine the bulk of the part. On the other hand, in the case of new products,
control samples consisting on AM specimens manufactureder the same conditions as the part, as

well as selected sections of the part, are tested by destructive methods such as mechanical or corrosion
testing methods in order to validate the material quality resulting from the process.

End of life
AM offers different opportunities for improving sustainability, from the product itself (starting from a
different design easy to recycle) to repair operations and the reusing of feedstock for parts production.

Additive manufacturing sector is in rapid growth due to the growing adoption of this technique in
industrial applications for improving production and shortening the time to maehcerningo this

NI LJA R 3INER g i K *sh&ning expedtdil OGeivelopmeiitd atmEhologicatrendsfor the next

10 years (2022023)and its impact on skills and occupati@ost redgtion, emerging hybrid materigls
workflow simplification, efficient manufacturingre some of the expecting developmemtsdated to
sustainability measures and concerns.

Analysing the value chain, it is complex to identify which segment is most relevant to the Green
transition. Once again, the experts who took part in theus group showed that the greater or lesser
relevance depends on its application, the sector in which itis inserted and the combination of segments,
for example in the combination of materials and processes that can be more or less green.

Although bothmaterialsand processeavere identified as the main relevant, some of the participants
mentioned that the more relevant would be the segmentnobdelling & designbecause it is what
allows, in the project phase to make choices and make decisions more sustainable and therefore with
less environmental impact.

1 Data collected from multiple rounds of forecast (i.e., Delphi method) conducted on June 2021 with AM experts
from industry, academic institutions, research, and technological centres, belonging to the IAMIC.
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AM value chain and trends for the next 10 years (2021 - 2030)
[AM value chain] [ Expected developments and technological trends ] [ ::gzg::;tli(y:; ]

Modelling & Design More training qualifications
and public standards to ensure
read application of

Increased need for more AM
Pper, |I1C0rle| (Le. nickel-chromium-aasedsuperallcy SUPErVISQrS, dig"ﬂl Cofplisy

and titanium and ermerging ma vill include hybrid materilas, :omposites data managers and
functionally graded materlals and metal alloys specialists to develop new AM

Materials

® Availability of more public standards for materials

. " Training for diferent roles,
ses will include bieprinting, directed energy deposition, metal -
tin and owder bed fusmn such as AM supervisor, AM
engineer, AM designer to

become qualified.

Predicted occupations include
process experts, data
manager / miners, AM
designers and AM operators.

Increased need for AM

f standards for AM s
erospace, automotive and rnedlcal sectors the reskilling from
AM parts will be fuel nozzles and s, ) €5 and “conventional” pro
AM technology include
welding inspectors,
coordinators, operators and

designers.
End-of-Life Availabilty of established processes and more public standards for end-of-life Higher upta
) 1 more indus

1d-of-life pro

@

Fig 4.2 AM value chain and trends for the next 10 years

4.1 Sector general overview

AM is anticipated to generate substantial economic revenue by 2025 (Saliba et al., 2020). Furthermore,
the Wohlers Report 2019 forecasts $15.8 billion for all AM products and services globally in 2020. The
forecast is expected to increase to $23.9 billian2022 and $35.6 billion in 2024 (Wohlers, 2020;
McCue, 2020). More precisely there was an upsurge in the number of industries that manufacture 3D
printers and systems, and the report also noted that many industries, notably aerospace industries (e.g.
Airbus and Boeing) increasingly utilise AM to fabricate-ese products and parts. Heidi et al. (2016)
reported that manufacturing in the European Union directly contributes to 30 million jobs and twice as
many jobs indirectly. Manufacturing also contributes80% of total EU exports and 80% of private R&D
expenditure. However, when it comes to advanced manufacturing, it only contributes to 1.6 million
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jobs, and 11% of the total EU production as half of the European manufacturing companies still do not
embrace the use of advanced manufacturing technologies. Nonetheless, AM is seen to be an enabler
for the EU to secure a strong industrial base.

Within SAM project, 47 national and seven regional initiatives were identified in EU an@EWon
countrieg, with the potential of accelerating the national and regional roll out of AM.

Most of the studies initiatives were identified in Germany, followed by Spain, United Kingdom, Italy and
France, since the identified clusters, programmes, networks and platforms can contribute for boosting
implementation of training and skills developmentAM.

' O02NRAY3I G2 (GKS NBLRZNI &9 dNBUSSy TteRiRdnd Ro@&st ool y dzF | O
H n o®p Europe additive manufacturing market is expected to gain significant growth in the forecast

period of 2023 to 2030, The major factor driving the growth of the additive manufacturing market is

the increasing demand for lightweight components from théoauotive and aerospace industries.

Germany dominates the Europe additive manufacturing market due to advanced development in
technologies. United Kingdom has been investing in additive manufacturing, particularly in aerospace

and healthcare applications. With a national strategy, firstiyegomentbacked to help AM to emerge

to be strongly implement by 2025. Spain additive manufacturing sector employs about 700 people and

its mainly focus on automotive, aerospace and healthcare. In Denmark was born the Danks AM Hub, a
business foundation ith a vision to make Denmark a world leader in the use of Additive manufacturing.

aditive Manutacturing
Europe Additive Manufacturing Market is Expected to Account Market, By 2030

for USD 26,187.15 Million by 2030

. = DATA BRIDGE MARKET
o
LB
- - . H . '
- |
i il

q
2023 2024 2025 2026 2027 2028 2029 2030

RESEARCH

B Germany B UK ® France Belgium B Rest of Europe

FIG 43 Europe Additive Manufacturing Market

In Germany, the Fraunhofer Institute for Laser Technology ILT stands out as a prominent provider of
diverse training programs and courses related to laser technology, with a significant focus on AM. These
offerings encompass workshops, seminars, and deatibn programs. Furthermore, the annual
Rapid.Tech + FabCon 3.D conference and exhibition, held in Germany, offers a comprehensive platform
for AM and 3D printing technologies. It features a wide array of workshops, seminars, and training

2 (D1.3 Long Term Technological Plarhttps://skills4am.eu/documents/D1.3_%20Technolgical%20Plan%20VF reviesed.pdf)
Source: Data Bridge Market (2023)ttps://www.databridgemarketresearch.com/reports/europadditive-manufacturingmarket
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sessions.

In the UK, The Manufacturing Technology Centre (MiT&yks a pivotal role in deliveririgaining and
development programscentred on advanced manufacturing technologies, includiAgl. Their
extensive portfolio includesourses and workshopesatering to bothindividuals and companies.
Additionally, theUniversity of Warwick offers a range of engineering and manufacturing courses,
severalof whichincorporateAM components into theicurriculum.

In Denmarkboasts a strong presence in AM education through the Technical University of Denmark
(DTU). Within its Department of Mechanical Engineering, DTU offers courses and programs dedicated
to AM, seamlessly integrated into their engineering curriculum. ThelA&E Denmark consortium
further enhances the educational landscape by bringing together Danish educational institutions,
research organizations, and companies. This collaborative effort results in comprehensive training,
educational, and researabpportunities.

Lastly, in Spain, AIMEN Technology Centre emerges as a leading provider of training and courses
covering various aspects of AM, encompassing both metal and polymer technologies. Their offerings
span the spectrum from theoretical knowledge to practical agtion. Similarly, CE+TTechnological

Centre specializes in delivering targeted courses on AM and 3D printing technologies, offering
comprehensive programs that cater to both foundational and advanced levels of expertise.

European countries are actively involved in additive manufacturing which is having a significant
presence in the industry due to offer new possibilities in terms of design, customizatiopy@ahettion
efficiency. The use of AM allows for ceftective customization and the production of small batches

of highly specialized components. This is particularly valuable in industries where customization and
rapid prototyping are crucial, can be nessustainable than traditional manufacturing methods because

it often generates less waste, uses fewer raw materials, and allows for more egiigignt
production.

Additive manufacturing enables local and distributed manufacturing, reducinghéeel for long
distance shipping and lowering supply chain costs. This is particularly relevant in Europe, where
proximity to markets and customers is essential.

We asked thd-ocus Groupparticipants,whether they agreed with the identification of the European
countries for the analysis as the most relevabiice again it was mentioned that the approach should

be made in a sectoral and not geographical manner. The identification of which economic sectors that
most apply AM in their manufacturing processeakes more sense amnill probably reach the same
countries.Germanywill be the most representativespain, FranceUK and Italy will follow, but we

must also cosiderBelgiumto be one of the more representative countries.
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4.2 Key occupations for the Green transition

9PSN) aAyOS ! RRAGAGS al ydzFl OQlidzZNAy3 6! a0 | LIS NBR
manufacturing method compared to other conventional processes such as machining. The reason for

this is thelayer wised 0 dafzlfJR 2 F YIF GSNA L 2yf & gKSNBE ySSRSRI NI
material. Looking at the life cycle of an additively manufactured product, there is still a lot of potential
throughout the single phaseed. material, designand production in-service and enaf-life) to even

increase it. For example, during the design phase of a part, AM benefits from optimised geometries and
lightweight designs which should reduce the material consumption and environmental impact during

their lifetime.C dzNII K SN 2 NE X RANB O NideshardNidag td extertled Kigimes | YR d L
and less waste. The carbon footprint of an AM part is mainly influenced by the energy consumption

during the manufacturing process (machine utilization) and emisselaged to the production of the

raw material and transportation in betweeh.

Environmental change is an increasingly important driver of labour demand and skills supply across
sectors. The expansion of the green and sustainable economy isdmiaprated by concerns related
to energy generation, more efficient resource use and environmental management.

Sustainability has become a key topic on the agenda of politicians and corporate executives. The
Manufacturing sector has a high responsibility for environmental sustainability, as (1) raw materials
pass through production to become products and (2) thpadslity for reuse, refurbishment, re
manufacturing and recycling are mostly dependent from product design and production. The
implementation of Circular Economy will be enabled by consistent sets of policies and regulations,
technological advances comleid with the integration of people and a global awareness achieved
through education efforts, that results in a shift in consumer mindset, behaviour and increase in
manufacturing and ecologgriented skills.

AM processes enable economic component production with the efficient use of materials and vastly
increased design freedom, compared to traditional subtractive processes. By using additive techniques,
engineers are able to create objects of high complexétged on highly accurate computeontrolled
designs, delivering finished components made from both readily available standard and high
performance materials including plastic, metal, composite powders and even human tissue and
foodstuffs. Being a digitalirect manufacturing technology, Additive Manufacturing also increases the
level of digital literacy among workers and contributes to the digitalisation of European Industry. It
provides greater liberation for designers and allows them to be much moréieea

International Additive Manufacturing Qualifications Systems (IAM@BRrged by EWWas created to

4 hitps://www.skills4am.eu/documents/D8.1%20 SAM%20Environmental%20Sustainability_%20VF_4.11.2021.pdf
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ensure that companies and professionals are equipped with the right set of skills to implement AM/ 3D
printing at the industrial levellAMQS is the onhAM qualification frameworkwhere thereis a
transparent and clear definition of each professional profilth detailed description of tasks and
responsibilities for each role.

For the AM Green transition wave selected 4 key occupationsfr@n IAMQS Professional Profiles
(one integrated INESC@ G KSNJ g K2Qa FfA3IyYSyd 61 a | N&laRe LISNF
3" because it is a production process management profile, who has a comprehensive view of both the
various processes and the suitability as well as the materials involved engitdamgdecisionanaking

the 4" professional profilds from ESCO, 3Dprintifigechniciarbecausei (itQsia designation that
commonly appears in recruitment announcements and which, because of its extent, makes sense for
us to address in this study.

The selected AM Occupations are:

OCCUPATIONS ESCO IAMQS
Metal AM Operator X X

Metal AM Process Engineer X

AM Designer* X

3D Printing Technician X

*AM Designeiis already aligned with ESCO but not yet integrated
Table 4.1 Selected AM Occupations

METAL AM OPERATOR

Metal additive manufacturing operators operate machines using additive manufacturing processes,
such as fitting and setting up, maintenance and repair. They have factual and broad understanding in
the field of metal additive manufacturing process. They alpée to develop solutions on basic and
specific problems related with additive manufacturing machines and processes amdaselfe the
handling of feedstock (approval, storage, contamination, traceability).

AM DESIGNER

DesignMetal AM solutions for AM Processes ensuring and validating that parts can be maede cost
effective and efficiently. They also close design projects by verifying requirements for production with
engineers as well as process requirements, ensuring liaistdn other technical areas to sign of
drawings, contributing to projects in a teaming environment cooperation with AM Team. Metal AM
Designers have advanced knowledge and critical understanding of the theory, principles and
applicability of metal additivenanufacturing design for Metal AM processes. They are able to manage
complex Metal AM processes design projects, taking responsibility for deomikimg in design
applications.

METAL AM PROCESS ENGINEER

Process Engineers are the professionals with the specific knowledge, skills, autonomy and responsibility
to implement at least one of the following processes: power bed fudaser beam (PBEB) PBIEB,;

direct energy depositiog laser beam (DEDR LB); arect energy depositiort arc (DEBPARC) into the
manufacturing chain assuring the efficient production and gwsicessing of additively manufactured
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parts. Manage metal additive manufacturing processes activities in a highly complex context. Take
responsibility indecision n making and definition of process procedures and applications.

3D PRINTING TECHNICIAN

3D printing technicians assist in the designing and programming of products, ranging from prosthetic
products to 3D miniatures. They may also provide 3D printing maintenance, check 3D renders for
customers and run 3D printing tests. 3D printing technicieaus also repair, maintain and clean 3D
printers.

Theengineer and designeg are the most relevant AM occupation for the green
Transitionldentified during thefocus group meetingvhere weresuggesed tofocus the
analysis on these two roles.

TheDesignerchose the process, materials, product shape, ancetigineershould
make that work.

9 IAMQS Engineers
i— Between 27 and 20 days of training (7 hours per day)

IAMQS Designers
! Between 12 and 14 days of training (7 hours per day)

4.3 Skills for the Green transition in the key occupations

Concerning AM occupationparticularlythose we chose for being the first ones to be integrated in the
green transition, and given that most of these occupations are not integrated in ESCO (only one), we
will present below a list of skills specific to each of the occupations, following aticalesppproach to

ESCO, grouping them in the categories of "Essential knowledge", "essential skills and competences”,
and "Essential skills". From this analysis we will identify which skills by their nature maycheeshds

being a green skill. Also, we identify the ones that would be brown skills and white skills, using once

again the ESCO labellihg.

In the following tableg4.2 to 45) it is showed for each skill and knowledge, a classification on white,
green or brown. Skills marked with a greeare the ones labelled by ESCO as GREEN the other labelling
it is a suggestion concerning their potential to be classified like this, and it will be validated by experts
in the scope of focus group. We considered that GREEN transition should be madédutaugining

in dedicated competence units but mainly should be done transversally within all suljeantsadtitude
towards materials,processes,and management. As an example, all skills related to predictive
maintenance, could be labelled as green, because if an equipment is periodically monitored and
calibrated it keeps its efficiency and increase its life cycle.

5 en_GreerSkills-andKnowledgel abelling ESCO.pdf (edu.ro)
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Concerning the above identified AM occupations, duringfttais groupwas decided to malyseonly

skills for these occupation¥he most pertinent finding was that, in spite of the skills analysis, the green

thinking should be reflected in the contents, methodologies, and learning outcomes of any training
program® a2 S Yy SSR SYo6SR 3 NX Nerertielkss,\sKilld goterréng sihufation a 1 A £ £ 3
Ydzad 0S O2yaARSNBR Sigatiol ©ds Dhéyg R by dzii NXI X &rdiiithey ¥ § & & A A ¢
Designer profilasan exampleusing simulation is possible to reduce raw materials, waste and be more
costeffectivereducing errors.

From AM Process Engineer occupation, other skills were idendifiRdS § SNXY Ay S adzéliz 6t S 2 F
¢draft design specifications | ofefdte golutions to probleméas relevant for the GREEN transition.

Critical thinking, creativity are some of the skills that should be embed into the curricula in order to
enhanceda carbon footprirtreducingattitude.
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Table 4.2Skills and competences associated to the adelinanufacturing operatooccupation.The &ill/competence highlighted igreen is theonelabelled
as GREEN by ESChis occupation has been reviewed durihg desk research, but following the experts recommendations it has ééematedfrom the

analysis.

AM
OPERATO

Ensure compliance with environmental
legislation

ESSENTIAL SKILLS AND COMPETENCﬁ

GREEN SKILLS CLASSIFI
GREEN BROWN

ESSENTIAL KNOWLEDGE

Functionalities of machinery

Apply health and safety standards

Machines tools

Follow work schedule

Maintenance operations

Liaise with engineers

Quality assurance procedures

Liaise with managers

Waste management

Manufacture metal additive manufacturing
parts

Maintain additive manufacturing systems

Operate precision measuring equipment

Perform machine maintenance

Prepare parts for post processing

Remove processed workpiece

Set up additive manufacturing systems

Troubleshoot

Usepersonal protection equipment

Work safely with machines

Write production reports

‘ GREEN SKILLS CLASSIFII
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Tabe 4.3:Skills and competences associated to the additive manufactdesmner This occupation has beeetained agelevant to accelerate the green
transition, and therefore has been includedtie analysisTwo mainskills/lknowledge were identified as GREBEMjulations tools and Simulation Analysis.

AM DESIGNER

ESSENTIAL SKILLS AND COMPETENCE

AM materials and properties

GREEN SKILCSASSIFIER
[el={= = =1RONIN | WHITE

AM processes

ESSENTIAL KNOWLEDGE

Design AM parts

ThinkAdditively

Interpret process specific part or assembly requirement

Design principles for AM

Create new or redesign existing 3D models using CAD
taking advantage of AM

Simulation tools

Associate the degrees of freedom of AM machines to th
possibilities in terms of design

Post Processing

Relate the capabilities and limitations of AM processes
design considerations

Engineering principles

Determine dimensional constraints and geometric
tolerances required for AM parts design

Simulation Analysis

Providesolutionbased approaches to redefine design
problems (Design thinking) within AM processes and pj

Select simulation tools to be used in the Design of AM
parts

Liaise with other technical areas

Analyse simulation results

\ GREEN SKILLS CLASSIF
\ GREEI“ == IN WHITE
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Table 4.4:Skills and competences associated to tinetal additive manufacturingrocess engineeHowever this occupation is not from ESCO uged the
same labelling to identifgkill/competencewhichcould be labelled has green due todtsaracteristicsThis occupation has been retained as relevant to
accelerate the green transition, and therefore has been included in the analysis.

METAL AM PROCESS

ENGINEER

ESSENTIAL SKILLS

Estimate duration of work

GREEN SKILLS CLASSIF

[eI==NEIeNN WHITE

Analyse test data

ESSENTIAL KNOWLEDGE

types of metal manufacturing processes

GREEN SKILLS CLASSIF

[EI== N EIONIN WHITE

Ensure conformity to specifications

metalworking

Set quality assurance objectives

supply chain management

Manage corrective actions

manufacturing processes

Determine suitability omaterials

quality assurance procedures

Draft design specifications

engineering principles

Create solutions to problems

engineering processes

Identify customer's needs

metal joining technologies

XX [X | X | X |X [X|X

XX [ X [ X |X|X|X
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Table 4.55kills and competences associated to the 3D printing technician. This occupation has been revieweHeddeisig research, but following the
S E LJSé¢hmim@ndations it has beegliminatedfrom the analysis.

ESSENTIAL SKILLS AND COMPETENCE CREEN SKILLS C L ESSENTIAL KNOWLEDGE SREENSILLS BLassE
[el{==N =IO WHITE [e]a{==) =IO WHITE
X

Adjust engineering designs 3d modelling

Use technical drawing software Printing techniques

<Z( Advise client on technical possibilities X 3d printing process

O | Create solution to problems X X Cad software

% Draft design specifications X Ict software specifications

8 Identify customer's needs X Maintenance of printing machines X
— | Operate 3D computer graphics software X Maintenanceoperations X
% Operate printing machinery Printing materials

E Use CAD software X Printing on large scale machines

o

o

[a)

™
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As referred to above in this report, GREEN is fed by outcomes and conclusions reached on the SAM
project, which is a strategic approach to skills development in AM, where a dynamic forecast
methodology focused on skills gaps, shortages and mismatchesificktdn, anticipation, and
validation, was developed in order to design and / or revise qualifications and profiles in AM with the
engagement of relevant stakeholders within the European and National landscapes.

Forecast methodology addressed within SAM, consisted in a continuous market research to determine
skills mismatches and gaps by implementing a set of online surveys with representatives from industry
/ employers, workers in AM and recruitment agencies.

The applicable surveys cover a range of subjects, including general information and background, AM
skills and professional profile needs, relevance of various skills categories, and AM employability data,
to name a few. Within SAM, skills have been cleskihto four different categories:

T ¢SOKy2t23A0If aiAftta RSFTAYSR ithdwtdcompdtdtaskse G2 | L
YR a2t @S LINPOfSYaéd WOAGKAY ALISOATAO | OGADBAGAS
f 5A3AGrE aiAffta RSTFAYSR a aNly3aS 2F oAfAGASaE
and networks to access and manage information. They enable people to create and share digital
content, communicate and collaborate, and solve problems foectiffe and creative self
Fdzf FAE YSYd Ay fAFSET fSENYAYIAS 62N]Z yR az
f 9YGOUNBLINBYSAINBEKALI 2NJ SYGUNBLINBYSdz2NARIFE ajAffa R
08 AYRADGARdAzZ fa YR 3INRdAzZIAI Ay Of dzZRAy3 SEAAGAY
you act upon opportunities and ideas and transform them into8alu¥ 2 NJ 2 4§ KSN& ®¢ ¢ K
Ada ONBIFGSR OFy 06S FAYFIYOAIf S Odzf GdzNI £ X 2NJ a2
1 Green skills defined as "knowledge, abilities, values and attitudes needed to live in, develop
and support a sustainable and resouredficient society (CEDEFOP, 2015)

OAl f
SE
3

S
O A

To respond to the needs of tteREEN projectet us focus only on the analysis done to fwecalled

green skills After analysing results from the survey conducted with workers ad companies in 2023, we

can reach a conclusion that in the case of green domain, workers and companies are in complete
agreement. The most voted skills for both &eNS dzd Sk NEO& Of Ay 3 | AlifeNycld SNA I f &
FylfeaandWnBad2deOS SFFAOASYOE YFEyF3aASYSyidQ

It is also interesting to see how these needs have evolved. In a longitudinal study, the same
guestionnaires were conducted, both to companies and workers in 2020, 2022 and2@23all, some
changes can be observed in the skills needs throughout these 3 years. Something to stand out is that
from 2022 the needs of both workforce and companies do not seem to show big trend changes,
differences are more remarkable in the first peti(20202022) of this 3year timeframe.
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TOP 3 SKILLS

2022

Resource efficiency management  Resource efficiency management
(30,4%) (44,3%)

Table 46 - Workers

TOP 3 SKILLS
2020 2022 2023

Green

Green awareness (13,4%)

Green

Resource efficiency management

Green resources (30,4%) Life cycle analysis (LCA) (58,2%) (43,1%)

Table 47- companies

TOP 3 SKILLS

2020 2023
Future relevance (3Y) Presentrelevance

Green

Resource efficiency management
(44,3%)

Green awareness (35,7%)

Table 48 ¢ TOP 3 Green Skills priorities identified

From these studies and considering the evolution of the AM sector through Eurgpean identify

three main green skills that should be part of the qualification framework inédAM,S dzd Sk NE O& Of Ay 3
materials and products> | & F2NJ 6KS ONRIF RSNJ a02LJS 2F (GKAa (y2¢
to all AM occupations. The other two, more related to the specific scope of white collars profiles should

bea [ A TS Oe&Otl FeBowak dfficiendy Inanageméntd

Although we can find and predict some specific skill needs to the green transition, we also must address

the need for an attitude and behaviour change that can be put into action on the already identify skills

Ayi2 GKS RATFTTFSNBy( ithidAMiadrfehtiGnedioh he/GREENEBMIPY S62 N 6

In all the occupation profile presented abowés possible to identify some skills that can be trained to

have underlying green principles, such as when a designer studies the execution of a particular piece,

he can determine the use of green materials whenever this is possible and does not questituratru

safety issues for example

6 https://publications.jrc.ec.europa.eu/repository/handle/JRC128040
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4.4 Skills supply for the Green transition

After the validation of the results by the Industry Council, one of the pillars of the European Observatory
responsible for providing inputs on skills needed and&ing aware foemerging research topics, and
based on the abowvenentioned findings, SAM stakeholders agreed to develop a training unit
(competence unit) orBustainability for Additive ManufacturinVithin this competence unit, green
awareness, circular economy and Life Cycle Assessment will be coveatsk their awareness of all

AM Profesionals, including AM Operator, Designers, Supervisors and Engineers, for the short Term.

Proposal of a new competence unitSustainability in AM

In order to address the topic of sustainability, a competence unit (CU) was developed for a basic level
in alignment with the European Qualifications Level (EQF) level 3, aiming at raising awareness on the
importance of sustainability applied to AM.

It is expected, that after successfully completing the course, the students gain basic knowledge in:

¢! YRSNAEGEFYRAY3 2F SO02y2YAO yR a20Att O2yGSEGa
Green Deal, Sustainable Goals and etc.

¢ How to incorporate sustainability along the product’s life cycle

¢ How AM is currently implementing sustainability and the limitations and possible routes in
sustainability (advantages and limitations)

Within this course, the participants are expected to gain the following skills:

¢ Spot ideas and opportunities for alternative, more sustainable and simple solutions for daily AM
activities

¢ Name advantages and disadvantages of AM sustainability topics

¢ Identify cases and/or examples for which AM may lead to more sustainable products

¢ Take the initiative to make suggestions for more sustainable choices along the AM product life cycle.

The course will be ongoing for a recommended time of 7 hours. This corresponds to 14 hours of
workload in which participants can dive deeper into the topics viastetfy. The knowledge and skills
towards sustainability for AM will be evaluated via a shwritten assessment (multiple choice) at the

end of the course.

Competence Unit - Sustainability for Additive Manufacturing RECOMMENDED
SUBJECT TITLE CONTACT HOURS
Economic and social context for sustainability policies 1
Sustainability along the product life cycle 15

AM within a sustainable production scheme 35

Case studies

Total

WORKLOAD 14
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The positive response to this course supported by tHelsted findings, lead tthe development of

two new CUs, the Metal AM Sustainability, Recycling and Circularity and Polymer AM Sustainability,
Recycling and Circularity. For the development and validation processes of these two new Competence
Units presented below, the contributih of many experts both from the field of additive manufacturing

as from educational field, was considered, some were internal to SAM project, but with the majority

were extenal participants that brought important insights for the work that was being developed.

Metal AM Sustainability and Circularity RECOMENDED
SUBJECT TITLE O RIGIEIR
Overview of sustainability 0.5
Concept & Practice of Circularity 0.5
Potential sustainability benefits of AM 0.5
Measuring, predicting and justifying sustainability 0.5
Overview of metal AM process chains and their impact on sustainability 0.5
Impact of AM feeestock on sustainability 0.5
Impact of part design and material selection 1.0
Impact of AM process selection and build-spton sustainability 1.0
Impact of Part post processing on sustainability 0.5
Impact of Metal AM facility design and operation 0.5
Repair, reuse & recycling approaches in metal AM 0.5
Recap on all topics covered, assessment and complete post CU survey 0.5
Total 7
WORKLOAI 14

LEARNING OUTCOMH8etal AM sustainability and circularity

LEVEL

Advanced

KNOWLEDGE

Advanced knowledge and critical understanding of the theory, principles and applica
of: Sustainability economic, climate change, critical raw materials, supply chain
resilience/reshoring, government policy and standards

Tools for sustainability assessmeritife Cycle Assessment (LCA)

Impact of metal AM process chains on sustainability

Circularity, repair and recycling in metal AM concepts

SKILLS

Identify the different ways in which sustainability effects our lives

Compare sustainable tools considering their advantages and limitations in Metal AM
productionExplain thempact of metal AM process chains on sustainability

Evaluate the metal AM process chain to optimize the sustainability process in each
segment
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Polymer AM sustainability and circularity RECOMENDED
SUBJECT TITLE AORIACHOIIRSS
Overview of polymer AM process chains and their impact on sustainability 0.5
Impact of AM feeestock on sustainability 1.0
Impact of part design and material selection 1.0
Impact of AM process selection and build-spton sustainability 1.0
Impact of Part post processing on sustainability 0.5
Impact of Polymer AM facility design and operation 0.5
Repair, reuse & recycling approaches in polymer AM 0.5
Measuring, predicting, and justifying sustainability 15
Recap on all topics covered 0.5
Total 7
WORKLOAD 14
LEARNING OUTCOME=olymer AM sustainability and circularity
LEVEL Advanced

L T Advanced knowledge and critical understanding of the theory, principles and applica

8 of: Sustainability economic, climate change, critical raw materials, supply chain

W resilience/reshoring, government policy and standards

% T Tools for sustainability assessmegitife Cycle Assessment (LCA)

E T Impact of polymer AM process chains on sustainability

T Circularity, repair and recycling in polymer AM concepts

0 T ldentify the different ways in which sustainability effects our lives

3 I Explain thémpact of polymer AM process chains on sustainability

(% I Evaluate the polymers AM process chain to optimize the sustainability process in ea

segment

During thefocus groupwere presentechew developed competence units in the scope of SAM project
qdza il Ayl oAf AGE T2 NMdiaRAMSiistadsbilitg dany/ CirdulagiybdiiMlynyer ¢

AM sustainability and circularily The first oneaiming at raising awareness on the importance of

sustainability applied to AMvith transversal scope has the following skills addressed:

\Y

\%
\%
\%

Spot ideas and opportunities for alternative, more sustainable and simple solutions for daily
AM activities

Nameadvantages and disadvantages of AM sustainability topics

Identify cases and/or examples for which AM may lead to more sustainable products

Take the initiative to make suggestions for more sustainable choices along the AM product life
cycle.

Participants agreed on the importance of include these competence units about sustainability in AM
training courses empowering workers with green skills.

When asked how the industry and training providers can joint efforts to ensure the preparation of the
workers and students for the GREEN transition from the given actions the priorities given by participants
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were as follows:

1. Collaborative research projectbetween educational institutions and industry can address
realworld challenges.

2. Industry experts can actively participate in the development of educational curricula.

3. Industry can offeinternships, apprenticeshipsor cooperative education programs.

4. Industry professionals can be invited to give guest lectures, workshops, or presentations within
educational programs.

5. Establish feedback mechanisms that allow industry partners to provide ongoing input on the
relevance and effectiveness of educational programs.

However, it should be noted that this ranking can change in relation to the education system, whether
we are talking about students of higher education or VEdllaborative research projects are more
adequately for HEand forVET the most adequately is internships and apprenticeships

Integration of sustainability across disciplinegas the most valuable area voted by participaassthe

topic need to be improved in training programs, the second valuable areasMeasuring and
assessing environmental impaetind Waste managementin relation to legislation and adaptation to
rapid technologies changes that were not pointed as so important. It was consensual point in the
discussion thato accelerate the GREEN transition we shouldtstgrimproving GREEN skilksf
managers, and heads of education and training centras a topdown appoach focusing both
awareness and motivation and technical trainings for the GREEN transBiensled apprenticeship
on-site and irclass, followed by ofthe-job training, was the training format recommended to ensure

a timely preparation of the industry.
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4.5 Additive manufacture sector results and conclusions

Additive Manufacturingechnologiesasa new approach to industrial manufacturingre increasing
throughout Europemainly in the aerospace, automotive and medical sect&iace thel989when it
was first used in Germany, in Eurgpechnolog/, materialsand application$asevolved and ledto
new occupationdefinition and skillsintil nowadays.

The selection oAM Process Engineeand AM Designeras the profiles more relevarior the green
transition was based on their prominence in the market #menature oftheir responsibilities and job
characteristicsall which enable theno have a substantial impact on the green transition. Specifically,
they can make environmentally conscious choicesddgctinggreener processes and materialhese
two occupationsare from the International Additive Manufacturing Qualifications SystdiddQS)
managedoy EWFRandwas created to ensure that companies and professionalequipped with the
right set of skills to effectively implement AM/ 3D printing at the industrial level.

Upon analysis of the skills identified within the ESCO framework, it becomes evident that only two
competencies, namely "Ensure compliance with environmental legislation" and "Waste management,"
are explicitly categorized as GREEN. These two competeadiesgithin the AM Operator profile.
Conversely, the remaining skills we have classified as GREEN possess characteristics that make them
amenable to being addressed from a green perspective.

In the AM Focus Group discussion, it became evident that AM technology serves as a versatile tool with
applications across diverse economic sectors, such as defence, energy, and transport, to advance
sustainability. The significance of the value chainegabased on several factors, including usage,
industry/economic sector, and the design and modelling of AM technology, which encompass material
selectionand manufacturing process.

For instance, the sustainability of AM can vary based on the interplay of processes and materials, from
commonly used metals and polymers for green transition to potential future materials like glass and
concrete. Notably, Designers, responsible for mateselection, manufacturing processes, and product
design, and Engineers, who assess material suitability and devise solutions for environmental
sustainability, play pivotal roles in the green transition.

The AM experts reached a consensus on the importancmtefrating environmentally friendly
practices, including green thinking, critical thinkingndcreativity, when designing training programs.
Consequently, new competence units within the SAM prajddietal AM Sustainability and Circularity
and Polymer AM Sustainability and Circularityere introduced to enhance workers' skills for a
greener future, and thesenits should be integrated into AM training courses.

Alsq this report presented 3 newompetence units that were design in the scope of the blueprint SAM,
which need arise fronsurveys with workers and companiego identify the main green skillshat
should be addressed.
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5. Theautomotive sector

The Automotive Industry is a broad range of companies and organizations involved in the design,
development, manufacturing, marketing, and selling of motor vehicles. It is one largest ecaaatoic

in terms of revenue. Software and Hardware engineers in the automotive sector work for automotive

manufacturers (OEMs) as well as for the supplier industry of automobile and rail manufacturers,

producers in shipbuilding, and the aerospace industry.

The automotive industry is the most substantial massrket, hence theymust achieve special
requirements, and extensive sales targets. Suppliers in this industry are oftenfipio companies
that have been on the market for some time.

Which is one of the trends of the past decade?

In other cases, they form independent departments in the corporations of the automotive industry, in
shipyards, or at railway manufacturers. There are also networks of automotive companies that benefit
from the resulting synergies. The automobile manufaeta offer undoubtedly the largest field of
activity for applicants in the automotive industry. It is one of the essential industries in the world as the
supply of jobs is stable; the contribution to industrial added value is enormous.

The innovative strength of the industry and its suppliers is equally high. The new challenges of the 21st
century include CO2 reduction and alternative drive concepts such as hybrid or electric drives. Changing
conditions on the global markets also ensyvermanent innovation requirements and impulses.
Developments that have been underway for sontimes are also continuing, for example,
electronization in all vehicle areas, lightweight constructiamd the integration of vehicles in
communication system$. Y R N} FFAO O2y iNBft X APSPE (GKS LINRYOA LX

Software development in the automotive sector

In the case of alternative drives, even industry experts have so far not been able to identify the
dominant development direction. This forces manufacturers to haffers available in all areas. The
expenditure on new research is accordingly high. The technologically sophisticated products
consists of 12,000 and more individual pagtsare, in turn, manufactured in extremely complex
processes. Hardware andfseare engineers in the automotive industry are required accordingly. With
their knowhow, they make a decisive contribution to the market position of the suppliers.

The two most important and recent developments in the automotive sector are the increasing
integration of softwarebased functions and about the entire vehigjén electromobility. The key to
the latter is in the automotive industry. Because the eleamimors have been around for a long time.

The batteries and the provision of the necessary infrastructure are among the most critical problem
areas in which hardware and software engineers in the automotive industry are in demand. In addition
to the development of solutions and knelmow. They alsonanage linking research and practice,
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because the complex research questions arise in the preparation of industrial proddction.

5.1 Sector general overview

The European automotive sector is undergoing a green transition with stricter Euro 6d emission
standards. There's a growing emphasis on electric vehicle (EV) development, supported by incentives
and subsidies for purchases. The EU is investing in expdfdinbarging infrastructure.

Heavy R&D investment focuses on battery technology, lightweight materials, and energy efficiency.
Increased collaboration and partnerships aim to drive innovation in EVs and autonomous vehicles.
There's a notable emphasis on a circular economy, promotisgmable manufacturing and recycling.

Some exploration into hydrogen fuel cell technology is happening, particularly forddegwyehicles.
Regulatory pressure from the EU is urging compliance with emission standards. This shift has
implications for employmentdemandingworkforce adaptation. The employment rate varies across
countries and their dependence on the sector. Below are two graphita/sedo examine the rates

and averages for EU countries.

ACEA Pocket Guide for 2023 utomotive Industry
EMPLOYMENT A

Share of total manufacturing, by country /2019

o The auto sector

directly provides
16.0% 8.5% of alLEU

15.0% .
o manufacturing

13.8% jobs

13.1%

y 11.1%
EUROPEAN UNION (N
Slovenia 7.9%
7.8%
7.7%
7.4%
5.9%
5.8%
5.8%
4.4%
4.2%
3.6%
3.0%
2.8%
2.6%
2.0%

Croatia 0.9%

Greece
Denmark 0.4%
Cyprus 0.2%

1 computertechreviews.com
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GREEN®1L
0
~ EMPLOYMENT
. 2015-2019
EU automotive .
employment
II'ICI‘ECISE.d bg 14% EU automotive % change
over five years employment 2015 2016 2017 2018 2019 19/18
Direct manufacturing 2,282,219 2,32501 2,440,720 2,571,359 2,595,502 -0.6
Indirect manufacturing 829,749 823,201 878,774 908,747 919,829 +1.2
Automobile use 3,668,769 3,789,494 3,888,807 3947518 4,040,957 +2.4
Transport 3,715,235 4,136,627 4,341,044 4,483,090 4,535,599 +1.2
Construction 610,684 578,368 633,423 665,863 660,240 0.8

TOTAL 11,106,656 11,652,701 12,182,768 12,576,577 12,712,127

Source: ACEA
5.2 Key occupations for the Green transition

Faur occupationsvere selectd, due to their relevance for the green transition:

1 EPowertrain Engineerare instrumental in the green transition by designing and optimigzing
powertrains for reduced emissions, improved energy efficiency, and the integration of
renewable energy sources. Their work supports the development of sustainable mobility
solutions, helps meet regulatory standards, and promotes innovation in the autoenotiv
industry.(project-ecepe.eu)

1 Sustainability Managengrovide strategic guidance, drive change within organizations, ensure
regulatory compliance, enhance reputation and stakeholder engagement, identihsaoisty
opportunities, and foster innovation. Their expertise and leadership are vital in shaping a
sustainable future for businesses and the planet.

1 Innovation Manageris important for the green transition because they drive sustainable
solutions, identify market opportunities, foster collaboration and partnerships, overcome
barriers and risks, and promote continuous improvement. Their role is crucial in helping
organiations navigate the complexities of the green transition and embrace sustainable
practices to achieve environmental and economic success.

T [AFS /&80t S ! adartcrayassessmeyiticapabiiiBsicontribute to the green
transition by driving sustainable decistiamaking, promoting innovation, and supporting the
adoption of environmentally friendly practices throughout the entire life cycle of products and
systems.

2 https://www.acea.auto/figure/manufacturjadps-in-eu-automotivesector/
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Co-funded by the
Erasmus+ Programme
of the Eurapean Union

Development and Research on Innovative
Vecational Education Skills

FUTURE JOB ROLES

ADAS/ADF Testing and Validation Engineer
Artificial Intelligence Expert

Computer Vision Expert

Machine Learning Expert

Sensor Fusion Expert

Automotive Engineering CAD, CAE, CAM
Practitioner in Automotive SPICE®

iNTACS/VDA Certified Provisional Assessor Automotive SPICE®
Connected Vehicles Expert

Connected Vehicles Technician

Automotive Cybersecurity Engineer

Automotive Cybersecurity Manager Strategy Level
Automotive Cybersecurity Manager Project Level
Automotive Cybersecurity Tester

Rubber Technologist - Basic Level

Advanced Powertrain Engineer

Functional Safety Manager Strategy Level
Functional Safety Project Manager

Functional Safety Engineer

Highly Automated Drive Engineer

Automotive Mechatronics Manager - Awareness Level
Automotive Mechatronics Manager - Basic Level
Automotive Mechatronics Expert

Automotive Mechatronics Developer

ENGINEERING
AND R&D

Working in Automotive (Automotive Engineer)
Automotive Quality Engineer (AQUA)
Innovation Agent - Basic Level

Innovation Agent - Product Innovation
Innovation Agent - Organisational Innovation
Innovation Agent - Open Innovation
Sustainability Manager

Advanced Manufacturing Press line Set-up
Automotive Engineer in Quality and Metrology

Lean Six Sigma Yellow Belt

Lean Six Sigma Green Belt

Lean Six Sigma Black Belt

Robotic Engineer

Robotic Technician

Automotive Engineer in Tool and Die Production and
Maintenance

(E—— |

PRODUCTION

e Predictive Maintenance Engineer
e Predictive Maintenance Technician
* Predictive Maintenance Expert

MAINTENANCE

3Source DRIVES project

3 https://www.projecidrives.eu/en/driveslearningplatform
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5.3 Skills for the Green transition in the key occupations

E-Powertrain Engineer

Engineer with theeompetence of automotive systems and product lifecycle management, as well as

system engineering, propulsion systems, energy storage systems.

GREENI1

E-Powertrain Engineer

Green

Brown

White

Expert level

)

Product Lifecycle Management

)l

transmission technology

)l

Life Cycle Management

Practitioner level

product lifecycle

Function Based Development

Functional Safety

power electronics

Motor Control Unit

X X [ X | X [ X

hybrid control systems

= |=2 =4 |=2 =2 |=a =

Battery Management Systems

Awareness level

Homologation

Embedded Automotive Systems

Electric Powertrain

cyber security

electric motors

Energy Transformation Systems

Electrical Energy Storage

Battery Systems

=A |=2 =2 |=a | =2 =2 =A==

Fuel Cells

X | X | X | X

Sourcé

Sustainability Manager

A Sustainability Manager (SUMAN) works on developing and implementing a sustainability strategy

for the company.

Sustainability Manager

Green

Brown

White

Practitioner level

4 https://skillsframework.eu/jokrole- ?id=dkFIQ2dLdDNyb1ZidVhnYzlgTkhOQT09
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Sustainability Management X
strategic planning
Chemistry

Air and Water Pollution X
probability theory
Statistics

Distributions
Integration and Testing
Sustainability in Design Process X
Problem Definition X
Awareness level
Environment and Society X
materials science X

X | X [ X | X

=A =2 =2 =2 |=a=a=2|=a ==

energy management X
waste management X
textile materials X
leather technology X
Calculus X
analyse environmental data X
Metal and Aluminium Recycling X
Paper Recycling

Plastic Recycling
Electronics Recycling
Textile Recycling
Leather Recycling

Life Cycle Management
assessment processes X
arrange audit X
Measurements X
Sustainable Design X
design process X

X IX [ X | X | X |X

A A=A A A A A A AR A A A A A=A A

Sourcé

Innovation Manager
ECQA Certified Innovation Ager@@rganisation Innovation

Companies nowadays need to be able to quickly adapt to future needs dynamically. This requires

5 https://skillsframework.eu/jobrole- ?id=ZGNDYUdTY3c5RG9jL3pGUEhDQOdUUTO09
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innovation at different levels such as to set up a continuously updating and dynamically learning
organisation, empowering staff to continuously develop new ideas and products and services, and
recently the open innovation concept of using the cloud andwoeking to build thematic and
knowledge driven new partnerships, alliances and value chains.

The innovation agent knows tools and methods to empower employees and managers to implement
innovation at these three levels in an organisation and can act as a catalyst for the organisation to adapt
to the new market needs and globaknds. Thelnnovation Agent helps to develop new business
scenarios for leading European industry in the areas outlined by DRIVES to hep to adapt industry for the
main drivers of change in the DRIVES study. This includes innovation and business scenarios for the use
of: (1) @nnected and automated driving (CAD) and advanced driver assistance systems (ADAS) (2)
Alternative power trains (3) Electrification (4) Advanced manufacturing, digitalisation, and robotisation

of the manufacturing process (5) Handling of/access to veldela (6) 3D printing (7) New
communications technologies (8) New/advanced materials Also the Innovation Agent helps to realise
strategy initiatives at European level like Gear 2030 and ALBATTS.

The Gear 2030 initiative includes the European Automotive manufacturer association, the European
Automotive supplier association, key players in Automotive education to develop the skills needed for

future dependent vehicles in a complex eco system andrenment. Gear 2030 proposes a very wide

scope of qualifications including the whole life cycle of vehicle design and production. Gear 2030 formed
aso-calledSkills council providing guidance to the European Commission and the European automobile
manufacurer association (ACEA). The Gear 2030 skills council report to the European Commission and

the ACEA mentions key job roles of the future based bigklevel European commission viewpoint

fS@PStd 1 [.1¢¢{ Aa | ySg 9! o6fdzSLINAY(d LINRB2SOG &gKSN
production chain and research (VW, BMW areirogesting with EU) and developed a set of new

innovative drivers and job radethat need to be supported in future.

Innovation Manager Green Brown White
Expert level

1 Dynamic Learning Cycles Design X
1 Core Competence Analysis and First Architecture X
1 Innovation Process Design Including Ideation X
1 teamwork principles X

91 leadership principles X
1 Leading Innovation Projects and Initiatives X
Awareness level

9 Innovation Vision 2030 X

9 Drivers of Change Analysis X
9 innovation processes X
Sourcé

Lifecycle Assessment Manag@roduct Manager under ESCO)

8 https://skills-framework.eu/jobrole- 2id=MTZPVINIWXdaMXVnUzUzWGJJIbi9EUTO09
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The Lifecycle Assessment (LCA) Manageesponsible for evaluating the environmental impact of a
product across its entire lifecycle, focusing on aspects such as raw material extraction, production,
distribution, and disposal. Their goal is to minimize the product's carbon footprint andreensu
compliance with environmental regulations.

On the other hand, the Product Manager oversees the overall development, marketing, and
performance of a product, working to meet customer needs, maximize revenue, and maintain
competitiveness. These roles converge in areas such as sustainability ictegndtere LCA findings
influence product development decisions made by the Product Manager.

Collaboration extends to data collection and analysis, regulatory compliance, and communicating the
environmental performance of products. By working together, the LCA Manager and Product Manager
contribute to create environmentally friendly and competitive products aligned with market
expectations and regulatory standards.

Product Managein ESCO databaseas found as a closest in terms of skills and competencies for
missing specific data about LJA. further expand the close relationship between the two occupations
here is a list of kegkills and competences:

Essential Skills and Competences
1 analyse consumer buying trends

analyse economic trends
analyse market financial trends
combine business technology with user experience
define technology strategy
design customer experiences
develop business plans
develop communications strategies

develop new products

1

1

1

1

1

1

1

1

9 develop product design
9 develop promotional tools

I draw conclusions from market research results
1 execute marketing plan

1 identify market niches

1 manage product testing

1 manage the customer experience

9 oversee quality control

1

perform market research
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1 persuade clients with alternatives plan
1 product management

1 prepare market research reports

5.4 Skills supply for the Green transition

The focus group discussiarentredon enhancing the skills supply for the green transition, particularly
in the automotive and battery sector.

The discussion on the automotive sector revolved around refining definitions related to motor vehicle
manufacturing. Recommendations were made to update old definitions, particularly in line with NACE
definitions, to accurately reflect the current industry landscape. It was emphasized that motor vehicles
are primarily found on public roads, but specializsguipment and vehicle types require distinct
regulations and standards.

The transition towards sustainable practices emerged as a prominent trend, warranting a
comprehensive evaluation of the entire ecosystem. The MTA (Mobility Transport and Automotive)
ecosystem was highlighted as one of the 14 distinct industrial ecosystesggssitating precise
definitions that go beyond vehicle assembly.

Attention was drawn to NICE100, encompassing electric powertrains and other pertinent definitions.
However, there was a notable absence of specifications for-iplinybrid vehicles, particularly in the
context of heavier vehicles, as well as hydrogemvered vehicles. Clarity was sought in distinguishing
between road, offroad, and powertrain vehicles, with an emphasis on utilizing EU definitions as a
baseline.

The imperative for advancing recycling aneuse practices within the automotive global value chain
was underscored. The concept of a circular economy, as intricately detailed by the European
Commission, should also be integrated into discussions.

Crucially, the project should spotlight the most influential job roles and skills crucial to the industry's
green transition. A more relevant statistic, such as vehicle production per employer, was suggested to
gauge the industry's productivity accurately.

The need for additional skills was identifigd several occupations within thautomotive sectoy
including:

Production Manager: To oversee and optimize manufacturing processes and output.
Training Manager: To develop and implement training programs to upskill the workforce.
Quality Manager: To maintain and enhance product quality and standards.

Design and Development of Battery: Focusing on innovation and improvement in battery
technology.

9 Logistics and Supply Chain: Managing the flow of materials and components crucial for the
Page42 of 209
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manufacturing process.
1 Machine Operator: Operating machinery and equipment in the production process.

Focusing on thesskillsareas and aligning them with the green transition, the automotive sector can
better adapt to the changing landscape of sustainable transportation and environmental responsibility.
Furthermore, the related trainings for automotive were discussed in parallel with the transition towards
electromobility and therefore main findings in trainings are in section 6.4. below.

In conclusion and furthermoreithin the researctof the skills in accordande ESCQwere identified
the following occupations as relevant :

SUSTAINABILITY MANAGER
RECYCLING SPECIALIST
POWERTRAIN ENGINEER
LEAN MANAGER

E N

Although the identified job roleseemto differentiate from the selectedkey occupations the point was

to find and highlight green skills from the ESCO databBise.electrification of the automotive sector

is rapidlyexpandingand many key occupations are graduatigreasing its value after some period of
time. Therefore,it will be upon the database's progress to find and expand its knowledge through a
more curent analysis of the job markdBased on our validation and research throughout the database
we found as a most suitable resuttschoose the roles above.

As it could be foreseen the skills were carefully adjusted and selected in best relevance with ESCO green
skills labelling (although brown skills were not identified at all). Supporting suggested skills expands
tables below expressing specific skitimpetencesand knowledge diversification:

SUSTAINABILITY MANAGER SKILLS Green Skill | White Skill
SKILL/ICOMPETENCE

advise on corporate social responsibility X

advise on sustainability solutions X

advise on sustainable management policies X

analyse business requirements X
analyse supply chain strategies X
assess environmental impact X

assess the life cycle of resources X

carry out training in environmental matters X

conduct qualitative research X
conductquantitative research X
coordinate environmental efforts X

ensure compliance with environmental legislation X

evaluate company needs X
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x

lead the sustainability reporting process

manageenvironmental management system

manage recycling program budget

measure company's sustainability performance

mitigate waste of resources

X [ X | X X

monitor social impact

X

perform risk analysis

promote environmental awareness

x

usesustainable materials and components

X

KNOWLEDGE

environmental policy

circular economy

climate change impact

corporate social responsibility

emission standards

energy efficiency

environmental legislation

environmental management monitors

global standards for sustainability reporting

green computing

hazardous waste types

XX X XXX [ XX [ X[ X |X

risk management

sustainable finance

>

waste management

X

RECYCLING SPECIALIST

Green Skill

White Skill

SKILL/COMPETENCE

ensure compliance with environmental legislation

advise on waste management procedures

x

analyse environmental data

X

arrange equipment repairs

X

build business relationships

X

carry outenvironmental audits

conduct research on food waste prevention

coordinate shipments of recycling materials

design indicators for food waste reduction

develop food waste reduction strategies

XX [ X | X | X
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develop recycling programs

educate on recycling regulations
ensure compliance with waste legislative regulations X
ensure equipment availability

follow procedures to control substances hazardous to
health
follow recycling collection schedules

identify newrecycling opportunities
inspect recycling procedures
maintain recycling records
manage contracts

manage health and safety standards X
manage recycling program budget X
monitor legislation developments
obtain relevanticenses X
operate recycling processing equipment X
oversee quality control X
promote environmental awareness X
recruit employees X
research recycling grant opportunities
train staff on recycling programs

train staff toreduce food waste
update licenses X
use different communication channels X

x

X

X

XX XX X

X

x

X

X

X

KNOWLEDGE
circular economy

environmental legislation
hazardous waste storage
waste management

X XX X

POWERTRAIN ENGINEER Green Skill | White Skill

SKILL/ICOMPETENCE

adjust engineering designs
anticipate change in car technology
apply health and safety standards
approve engineering design
assess financial viability

assess powertrain

XXX | X | X | X |X

automotive engineering
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collaborate with designers X
compare alternative vehicles X
conduct performance tests X
define technical requirements
describe electric drive system X
design electromechanical systems X
design hybrid operating strategies
evaluate vehicle ecological footprint X
manage engineering project
monitor technology trends
perform scientific research

use CAD software

use CAE software

use technical drawing software

KNOWLEDGE
energy savingotential of automated shift systems

battery components X
biodiesel

electric motors
emission standards
energy efficiency
energy storage systems
engineering principles X
fuel cell types

hybrid control systems
hybrid model

hybrid vehicle architecture X
mechanical components of vehicles
mechanical engineering
mechanical systems

types of fuels

vehicle electrical systems

X

>

XX [ X | X | X | X

X

XX X[ X | X

>

X

X

X X[ XX | X

LEAN MANAGER Green Skill | White Skill
SKILL/ICOMPETENCES
act reliably X
adjust priorities X
advise on efficiency improvements X
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analyse business processes

analyse internal factors of companies
analyse production processes for improvement
apply changenanagement

assess quality of services

consult information sources

define organisational standards

develop corporate training programmes
encourage teams for continuous improvement
hire human resources

identify improvement actions

identify necessary human resources

identify process improvements

lead process optimisation

liaise with managers

manage a team

manage corrective actions

manage medium term objectives
managepersonal professional development
manage production changeovers

manage resources

motivate employees

perform data analysis

report on overall management of a business
revise quality control systems documentation
setquality assurance objectives

schedule production

use methods of logistical data analysis

XXX XXX XXX XXX XXX XXX XX | XXX [ X[ XX [X[X

KNOWLEDGE
5S methodology

accounting

Agile project management
continuous improvement philosophies
hoshin kanrstrategic planning
leadership principles

lean manufacturing X
logistics

mass customisation
production processes

XX [ X | X | X | X

x

x

x
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project management
root cause analysis

six sigma methods
SMED

supply chairmanagement
teamwork principles

XX [ X | X | X | X

In conclusion, the dentification above andintegration of green skills within the domains of
sustainability management, recycling specialization, powertrain engineering, and lean management is
crucial forfostering sustainable practices and contributing to a more environmentally responsible
future. The ESCfabellingframework serves as a valuable tool in this context, providing a standardized
and comprehensive way to recognize and assess the proficiency of professionals in these fields.

1 Sustainability managersplay a pivotal role in aligning organizational strategies with
environmental goals, utilizing their green skills to drive sustainable practices across various
sectors. The ESCRbelling enhances the transparency and credibility of their expertise,
ensuring that their contributions are recognized and valued within the broader context of
sustainable development.

1 Recycling specialistsequipped with green skills, are essential in managing and optimizing
waste streams, promoting the circular economy. The EBGElling further validates their
proficiency, enabling them to effectively contribute to resource conservation and waste
reduction, essential components of sustainable resource management.

1 Powertrain engineers with their focus on developing eddendly and energefficient
propulsion systems, are instrumental in advancing sustainable transportation. The ESCO label
attests to their green skills, affirming their capacity to innovate and implement environmentall
conscious solutions that contribute to reduced carbon footprints and enhanced energy
efficiency.

1 Lean managersarmed with green skills, contribute to resource optimization and waste
reduction within organizations. The ESIBRellingsystem recognizes their ability to implement
lean principles that align with sustainability objectives, fostering a culture of continuous
improvement and efficiency while minimizing environmental impact.

In sum with findings above, the ES@0Bellingframework not only acknowledges the importance of
green skills within these critical professions but also provides a standardized means to communicate
and assess the impact of these skills on sustainability outcomes. As we move towards a more
environmentdly conscious global paradigm, especially in the automotive sector with rapid ongoing
changes, the integration of green skills, coupled with EI&G&lling is crucial in ensuring a harmonious
balance between ®nomic development and environmental stewardship.
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5.5 Automotive sector results and conclusions

The Automotive Industry is a broad range of companies and organizations involved in the design,
development, manufacturing, marketing, and selling of motor vehicles. It is one largest ecaaatoic
in terms of revenue.

As part of the Mobility industrial ecosystem, the automotive industry is undergoing one of the most
transformational social, technological and economic shifts of a generation, shaped by three key
disruptive forces:

9 electric vehicles and alternative powertrains,
9 connected and autonomous vehicles and
T 2ynRSYlIYR Y20AfAGe aSNBAOSa®

Inthiscontext, @ gAY GNI VAAGA2Y FLINRIOK OFY YI1S | LR&aaa
assets and infrastructures while accelerating sustainability across the organization

The following occupational profiles have been initially identified as those capable to promote a greater
impact in this twin transition:

Powertrain Engineers

Sustainability Managers

Innovation Manager

[ATS /@80fS ''aaSaaySyid alyl ISNDa

By focusing on these skill areas adigining them with the green transition, the automotive sector
can better adapt to the changing landscape of sustainable transportation and environmental
responsibility.

In conclusion, the focus on refining definitions, embracing sustainability, and recognizing the pivotal
roles and skills in the automotive sector will be instrumental in driving the industry towards a more
environmentally conscious and economically vidbtere.

It was also noted that individuals on manufacturing lines primarily execute established processes
without requiring new skills, such as inserting batteries into vehicles. Insteadptbbasis should

shift towards combining battery research and development with recy@iforts andcultivating
expertise in battery design.

In conclusion to findings in green skillse identification andintegration of green skills across
sustainability management, recycling specialization, powertrain _engineering, and lean
management are steering towards a more environmentally responsible fuifithre outlined roles

of professionals in these domains, including sustainability managers, recycling specialists,
powertrain engineers, and lean managers, underscore the significance of their expertise in driving
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positive environmental change.

The incorporation of the ESA&bellingframework emerges as a pivotal tool in this landscape,
offering a standardized and comprehensive approach to recognizing and assessing the proficiency
of individuals in these critical fields. Frstainability managershe ESCO label not only enhances

the transparency and credibility of their skills but also ensures that their contributions are duly
acknowledged and valued within the broader context of sustainable development. Similarly,
recycling specialists, powertrain engineeaadlean managerbenefit from the validation provided

by the ESCO label, reinforcing their capacity to contribute to resource conservation, waste
reduction, and innovative, eeviendly solutions in their respective domains.

In light of these findings, the ES@Dellingframework not only highlights the importance of green
skills but also establishes a standardized means to communicate and evaluate their impact on
sustainability outcomes. As the automotive sector undergoes rapid changes towards greater
environmental consiousness, the integration of green skills, paired with the H&lg&Dingsystem,

stands as a crucial step in ensuring a harmonious balance between economic development and
environmental stewardship. This carted effort is essential as we collectively strive for a
sustainable and responsible global paradigm in the face of ongoing transformations within the
automotive industry.
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6. The batteries sector

This sectioraddresses C ¢ MANUFACTURIN@7 - Manufacture of electrical equipment27.2 -
Manufacture of batteries and accumulators (NACE classification).

This class includes the manufacture of ienhargeable and rechargeable batteries. This class includes:
- manufacture of primary cells and primabgatteries. Cell£ontaining manganese dioxide, mercuric
dioxide, silver oxide ete.manufacture of electric accumulators, including parts theressfparators
containers, coversmanufacture of lead acid batteriesnanufacture of NiCad batteriesnanufacture

of NiMH batteries manufacture of lithium batteries manufacture of dry cell batteriesmanufactue

of wet cell batteries

Batteries are emerging as a critical ingredient in the transition to a more sustainable future because of
their role in electrifying transportation and balancing power grids. Battery use is more than an
opportunity to eliminate vehicular CO2 and NO2 enoissiin a world grappling with climate change;
scaling up production of battergell manufacturing capacity also offers significant vaitesation
opportunities for manufacturers, creates new jobs that pay well, and supports national economic
growth!

The NACE, CPRE IAM mapping

From the sustainability perspective there is a mapping from NACE codes of economic activities, into
Climate Policy Relevant Sectors (CPRS) and into the variables of the -pasmessintegrated
Assessment Models (IAM) used by the Network for Greeningittaméial System (NGFS) to provide its
climate scenarios.

Proposed mapping, is to support practitioners, financial supervisors, investors and academics in climate
transition risk disclosure and climate transition risk assessment, providing a sbiesee, transparent

and operational tool? 3

https://pure.iiasa.ac.at/id/eprint/18530/1/SSRNI4223606.pdf
https://www.finexus.uzh.ch/en/projects/CPRS.html

Classification of the batteries in the EU

It is appropriate to distinguish between different categories of batteries in accordance with their design
and use,ndependently of their battery chemistry The classification intportable batteries on the

1 https://www.mckinsey.com/industries/electfjowerandnaturatlgas/ousinsights/capturinghe-batteryvalue
chainopportunity
2 https://pure.iiasa.ac.at/id/eprint/18530/1/SSKEAR23606.pdf
3 https://www.finexus.uzh.ch/en/projects/CPRS.html
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one hand, andndustrial batteries and automotive batteries on the other hand under Directive
2006/66/EC should be further developed to better reflect new developments in the use of batteries.

Batteries that are used for traction in electric vehiclesid which, under Directive 2006/66/EC, fall
under the category of industridlatteries, constitute a large and growing part of the martteé to the

quick growth of electric road transport vehicles. It is therefore appropriate to classify those batteries
that are used for traction in road vehicles as a new separate category of electric vehicle batteries.

Batteries used for traction in light means of transpgrsuch as ikes and escooters, were not
classified as a separate category of battery under Directive 2006/66/EC. However, such batteries
constitute a significant part of the market due to their growing use in urban sustainable mobility. It is
therefore appropriate to classify those batteries as a hew separate category of batteries, namely light
means of transport batteries (LMT batteries).

Batteries used for traction in other transport vehicles including rail, waterborne and aviation
transport or offroad machinery continue to fall under the category of industrial batteries under this
Regulatiorr.

In order to simplify the types of the batteries we can divide them into the following categories based
on the target markets.

wCommercial Markets
For lithiumion batteries, commercial markets include commercial and passenger EVs, stationary
storage, and aviation.

wElectric Vehicles Market

ForEVs, the leading battery technology is expected to be litHi@®ed, which offer high energy, high
power, and long lifetimes compared to other currently available battery systems. EVs are a critical driver
of the demand for lithiurdon batteries and are th primary market focus when outlining the need for
domestic lithiumion battery manufacturing.

wStationary Storage Market
With greater duration requirements and less stringent density and weight constraintslithinm
storage technologies may emerge as the most-@ff&ictive longterm solutions for stationary storage.

wAuviation Market

As with EVs, electric aircraft have the potential for emissii@e air travel in future.

Lithiumrion batteries have been a significant part of aviation for the past decade. Applications have
been used in systems such as avionics backup power supplies, emergency lighting, ELTs, powering
auxiliary equipment (crew cabin phones, cabin doors), teninpted power systems (UPS), and engine

4 https://eurex.europa.eu/legalontent/EN/TXT/?uri=CELEX%3A32006L0066#d1e484
5 https://data.consilium.europa.eu/doc/documen2FZBD 23 INIT/en/pdf
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start batteries for fighter jets and drones.

wDefenceMarkets

The Defence Department requires reliable, secure, and advanced energy storage technologies to
support critical missions carried out by joint forces, contingency bases, and at military installations.
Faced with increasing kinetic and nbkimetic threats, the Departmenis shifting toward more
distributed, austere, and autonomous operational concepts carried out by platforms and installations
with escalating power requirements.

The battery value chain

The battery supply chaiis composed of many actors who work to transform raw mineral building
blocks into the sophisticated devices we use daily to power our electric vehicles, smartphones, and
laptops. The mining industry is responsible for the upstream portion of battery wghpins including
identifying and exploring mineral reserves and extracting aresediments mixed with valuable
mineralsg from these resources. These ores are then transported to a facility where they are processed
to remove extaneous materials and refined to a quality suitable for batteries. Once refined, one
manufacturer uses these materials to make cathodes and angdie& S G L2 aA G A @S¢ | YR
of the battery respectively and sends them to downstream facilities thmakes battery cells. Finally,

the battery cells are sent to yet another manufacturing facility where they are combined into large
packs that can then be used in electric vehicles. At the end of the downstream portion of this supply
chain, batteries are ¢pefully reused or recycled so that their materials can be recovered and used in
new batteries®

With the spread of electric vehicles in recent years, the supply chain of Libiutvatteries (LIBS) has
become a very important issue. The rapid rise in demand for electric vehicles also introduces some
supply chain problems in LIBs. In this chapteg, thirrent and future problems in LIB supply chain
processes are addressed. It is seen that supply problems may arise with the increase in demand for
materials such as cobalt and lithium, which are basically used in battery production. In this context, LIB
recycling processes are very important.

5 https://www.nrdc.org/bio/jordabrinn/electrievehiclebatterysupply-chainsbasics
" https://link.springer.com/referenceworkentry/10.1007/97G80-898229 1141
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Lithium-Based Battery Supply Chain
UPSTREAM

O Mining and extraction of
materials including lithium,
cobalt, nickel, and graphite

Raw Materials Production

MIDSTREAM
O Additional processing for
battery-grade materials

0 Cathode/anode
powder production Materials Processing

O Separator production
O Electrolyte production

O Electrode and S
cell manufacturing ’ ‘

Cell Manufacturing

DOWNSTREAM
O Pack manufacturing OO0

O End-of-life recycling and reuse

Pack Manufacturing

‘['.« Y} ,J \T \

LJ ) )/
LS - N4 V7
Electric Vehicles atil Aviation

End-of-Life Recycling and Reuse

Sourcé

Mining and extraction of materials (Upstream)

The activities of the stakeholders involved in the process of mining and processing ofatavials
have animpact on the whole value chain since companies that are using batierigeir products
consider this step as a reason for concern due to public scr@inyironmental impacts, working
conditions, political factors, etc.) and potential subsequény S3 I G A @3S0 SFFSOGa
reputation. Not only are stakeholders active in minimgneral refining, and upstream sector included,
but also public organizations and authoritiesponsible for ecological and economical sustainability,
and human rights.

Component production (Midstream):
This includes the manufacture of the anode, cathode, active materials, binder, electrolyte, and
separator.

Concerning components and cell manufacturing, mass battery production in Europe sastihg to
develop, as big battery players are progressively building and launchingbtiteery production in
Europe, the secalled gigafactories. Many of these manufacturers cdrom Asia, but other players,

8 https://www.energy.gov/sites/default/files/2021
06/FCAB%20National%20Blueprint%20Lithium%20Batteries%200621_0.pdf
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and adapt batteries tsometimes very specific customer needs.

Cell production (Midstream):

This stage involves the production and assembly of single cells. The cell in the battery contains
electrodes (anode and cathode), separator and electrolyte. All of these are inserted into a rectangular
aluminiumcase to form a battery cell. It is the basic unit of a battery that exerts energy by charging and

discharging.

Module production (Downstream):

The produced cells are then configured into larger modules that involve electronic management. A
battery assembly put into a frame by combining a fixed number of cells to protect the cells from external
shocks, heat or vibration, forms a battery module.

Pack assembly (Downstream):

The final shape of the battery system installed to an electric vehicle forms the battery pack. It is
composed of modules and various control/ protection systems including a battery management system
(BMS), a cooling system etc. E.g.: 8 modules (12 cellmpaule) go into one battery. Pack assembly
includes installation of modules together with systems that manage power, charging and temperature.

In the case of the mobile applications/automotive industry, car manufacturers often ophforhouse

module and pack assembly trying to maximize the value they add to the vé¥imdielles and packs are
ONRGAOIE (2 RSGSNNYAYAY3TI |y @ag@and héging spedlfEentidy | v OS
over the use of pack space and the battery optimal working temperature also has strong implications
regarding the safety of the battery and the vehicle.

Vehicle integration (Downstream):

This involves the integration of the battery pack into the vehicle structure or other use cases. This will
vary from vehicle to vehicle and from use case to another, it is based on the ba#higle,or
renewableenergy device interface determined by the type of connector, plugs, and mounts used.
Stakeholders active in battery integration specialize in the production of battery embexjdems

like battery management systems, battery thermal management systemsptaed components that

are associated wh battery intelligence. Since this is a crucial parthef whole battery system, many
companies that produce energy storage solutions wamhémufacture their systems and components.

The car manufacturers in Europe are also a good example of this trend. Many global players involved in
this value chain come from Europe.

Usage, repair and maintenance
This includes the period in which the battery is used in the vehicle or another application

Stakeholders in operation, repair, and maintenance of battery electric passenger cars include entities

involved in typeapproval of vehicles, standardization, vehicle manufacturing, and its supply chain,

workers in dealerships, car repair shops, chargifigsétructure providersiirst respondersor relevant
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bodies of public institutions.

It also brings about opportunities to introduce brand new business concepts and services. Electrification
of vessels creates new challenges to producers, owners, and operators of the vessels, including
companies providing servicing and maintenance. Coricgrstationary use, energy storage in the grid

and oftgrid applications have gained interest among various stakeholders from electric utility operators
to policymakers. The telecom base stations form a large market that is accentuated by the 5G network
deployment. The stakeholders range from telecom technology and base station equipment providers
to regulators and beyond.

Reuse and Recycle:

Usually the EV batteries degrade in the first five six years, due to extreme operating temperature,
charging/discharging rates etc. These reduced performance batteries can have a secondary life and be
reused as energgtorage devices. Post which the batteries®de sent to the recycling units where they

can be processed to extract valuable rare earth materials. It is also important to take into the
consideration the design for recycling during the battery product development.

Jrcular value chain

The linear consumption model, under which products are made, consumed, and then thrown away, is
reaching its limits. The excessive pressure this model puts on natural ecosystems, the pollution of air,
land, and water bodies resulting from the productiordasisposal of products, the wide fluctuations in

the prices of raw materials and the potential disruptions to their supply are only some of the reasons
why it is essential for all of us to make the transition to a circular economy a reality.

9 https://www.gsb.stanford.edu/faculigsearch/publications/roadward-circularvaluechain
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The battery value chain can transform from linear to circular.

e Active materials
@ cell and pack

e Application

o Repair and refurbish

Battery

industry e Recycling (including urban mining)

e Second life

0 Decentralized energy storage (eg solar power and storage)

e Centralized storage

iy

e
= O

e Vehicle to grid (including moving power storage)
@ Smart charging

Q Purpose-built urban EV

@® shared mobility

Transport
sector

sector

Source: McKinsey Battery Insights, 2022

McKinsey & Company

Sourcé?

Second life

Entities involved in the second life of batteries range from battery and vehicle manufacturers, through
repair and maintenance shops and recycling companies to stationary/storage application operators,
such as industrial plant operators, solar panel/wirarnfi developers, energy production and
distribution companies, charging infrastructure operators or real estate owners and households. In the
future, refurbished batteries could be also useumobileapplications, for example, neroad mobile
machinery or micranobility vehiclesgcooters e-bikes, etc.). As the second life of batteries is still in its
infancy, there are huge opportunities for research and education institutions, standardization bodies,
or different public bodies and authorities (providing incentives and altering thelddigis). Strategic
levers in battery manufacturing

Recycling

The stakeholders in battery recycling involve all steps of the battery value chain sincegiiitnt for

the efficiency and sustainability of the battery ecosystem, and the ciregtamomy. There ia needfor
increased battery recycling capacity in Europe and new business models as well. Therefore, apart from
battery and vehicle producers, new players completely focused on recycling are coming to the market.
They differ in the applied processes and theelesf the reclaimed material, but their mairogl is to
maximize the recovery of critical battery material frorridri batteries in a sustainable, economically
sound, and safe manner.

10 https://www.mckinsey.com/industries/automotaed-assembly/ouinsights/batters2030resilient
sustainableandcircular

Pageb7 of 209



<REEN ’

the G;(:cncr European VET Network
GREENI1

Ecosystenmapproach andSrategic levers in battery manufacturing

The term "battery ecosystem" refers to the interconnected network of technologies, industries, and
processes related to the production, use, and disposal of batteries. This includes various aspects such
as battery manufacturing, recycling, eodtlife soluions, and the broader impact on the environment

and economy.

Education plays a significant role in the battery industry ecosystartjcularly in the context of
developing skills and knowledge to support the growth and sustainability of the industry.

European firms face a challenging industry environment, with significant barriers. The landscape for
lithium-ion battery manufacturing is dominated by Asian players.

Advanced LIBs are already under development to address the limitations of this genefdtese
require significant tacit knowledge in battery design, chemical and thermal properties, interaction
processes, cell manufacturing, automation, and assembly. To achieve this, the following strategic levers
should be followed.

The industry dynamics and technology development offer European firms the chance to secure future
value creation. But in their pursuit, they must keep five important strategic levers in mind.

° DOWNSTREAM COLLABORATION
A European battery maker has built partnerships with diverse
customers like automotive and windmill manufacturers for
co-developing tailored LIBs.

ECOSYSTEM APPROACH

An LIB plantin Finland is part of a growing local ecosystem,
together with upstream raw material and LIB component firms as
well as research initiatives like BATCircle.

IN-HOUSE CAPABILITIES

[ B
Leading European forklift manufacturers have been

BATTERY MANUFACTURING developing competence through joint ventures with LIB makers.

° UPSTREAM COLLABORATION
Leading LIB manufacturers have stressed that securing materials is
crucial for their European operations. They have inked partnerships
and even invested in upstream firms.

° LEVERAGE EUROPEAN DNA

European industrial giants offer LIB makers best-in-class support
indigital planning and setting up of LIB production and assembly.

Sourcél

11 https://www.oliverwyman.com/otgxpertise/insights/2019/nov/perspectivesmanufacturingndustriesvol-
14/newtech-newstrategies/battergnanufacturingn-europe.htmi
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In the quest to secure future value creation, European firms must consider five important strategic
levers.

1. they should focus on identifying end applications and collaborating with customers to develop
and commercialize the most suitable LIB technology while keeping costs low.

2. Secondly, they should proactively build ecosystems across value chains to tailor R&D efforts
and stay updated on technology developments.

3. Thirdly, they need to develop-inouse capabilities in LIB technologies, investing in talent and
equipment for design, development, and production.

4. Fourthly, they should form upstream partnerships to manage investments and costs, ensuring
access to necessary resources and mitigating sugyn risk.

5. Finally, European firms should leverage their roots, brand value, industry relationships, and
commitment to sustainability, which offer a potential for cost savings and innovation.

These strategic levers will enable European firms to navigate industry dynamics and technology
development effectively.

6.1 Sector general overview

As per McKinsey repdftglobal demand for Lion batteries is expected to soar over the next decade,
with the number of GWh required increasing from about 700 GWh in 2022 to around 4.7 TWh by 2030.
Batteries for mobility applications, such as electric vehicles (EVs), will adcouhe vast bulk of
demand in 2030 about 4,300 GWh; an unsurprising trend seeing that mobility is growing rapidly. This
is largely driven by three major drivers:

A regulatory shift toward sustainability, which includes newze&to targets and guidelines, including

9dzNR LISQ& AGCAG F2N) ppé LINRINIYSE (GKS ' { LyFflraAzy
SYyaaxyS oL/ 90 @SKAOf Sa doptibn ainkNanugaéture of HylRid dng/ RektticQad Cl &
Vehicles Scheme.

Greater customer adoption rates and increased consumer demand for greener technologies (up to 90
percent of total passenger car sales will involve EVs in selected countries by 2030).

Announcements by 13 of the top 15 OEMs to ban ICE vehicles and achieve new eratigition

targets.

The production volume of {idn cells in Europe (ER7, UK, Norwayand Serbiaaccounted for around

35 GWh in 2020, or about 15% of global production capacities. As a result of ambitious development
and expansion plans of the battery industry, the share of cells produced in Europe in global production
volume is expected to increase 28 up to 43% by 2030, when it will be around 600 to 870 GWh per

12 https://www.mckinsey.com/industries/automotaedassembly/ouinsights/batters2030resilient
sustainableandcircular

Pageb9 of 209



<,REEN ’

the Gmcnor European VET Network
GREENI1

year!®

A global shift away from fossil fuels is leading to a boom in lithanmbattery applications, ranging
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in Europe by 2025. (Oliver Wyman report estiessthe European market) To secure local value creation

and jobs, there is now a concerted push to achieve European sovereignty in LIBs, including the European
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; Skelleftea, 2021

northvolt
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Sourcé®

There is a global competition for talent and workforce needs to acquire new skills and continuously
improve them to boost employability, take new jobs and fuel economic growth.

While the reconfiguration of global supply chains and investment in new technologies offer a great
opportunity to reshore manufacturing and strengthen industry 4.0 in Europe.

13 https://www.ipceibatteries.eu/fileadmin/Images/accompanyiesearch/marketpdates/202D1-
BZF_Kurzinfo_Marktanalyse_Q4 ENG.pdf
1 https://www.oliverwyman.com/ogxpertise/insights/2019/nov/perspectivesmanufacturingindustriesvol-
14/newtech-newstrategies/battergnanufacturingn-europe.htmi
15 https://www.orovel.net/insights/bn-batterygigafactoriesn-europejanuary2021
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However, increasing skills shortages, gaps and mismatches related to the green and digital transition
will lead to bottlenecks.

The workforce needs sector specialized skills as well as transversal skills, combiningspmoifim
knowledge with problerssolving and interpersonal skills such as communication, creativity, readiness
to learn or critical thinking, among others.

Enterprises have difficulties in finding employees with these skills and report that this is delaying their
investments. Europe needs foresight and skills intelligence to anticipate and manage change, increase
investment in training, nurture new types ofork and strengthen social cohesith.

6.2 Key occupations for the Green transition

Initial analysis

In 2030, almost every second car sold will be a battery electric vehicle (BEV). This will lead to a significant
demand increase of global battery by 35%. Maneiwth is driven by both increased BEV sales and
increasing battery size per BEV. In consequence, the demand for the most relevant active materials,
especially lithium, nickel and graphite will grow steadily. We expect an increase from 400,000 up to
6,000000 tons until 2036’

Even thoughhe lithium battery production is increasing due to CO2 regulations, the production itself
it is not without environmental impact.

We haveanalysedseveral scientific studies and articles to identify the steps in the Lithium battery
production value chain that have the greatest environmental imgaetas found that theemployment
positions with the greatest environmental impact within the value chain of lithium cell production are
in three or 4 areas:

mining and material extraction
lithium cell production

battery pack design

recycling

= =4 =4 =9

Since the production of Lithium batteries is highly automated, the primary environmental impacts are
concentrated irresearch and development roleghe choice of battery chemistry plays a crucial role in
the environmental impact, as some chemistries involve the use of rare materials. The design and
recycling of battery packs have a significant impact as well. The requirements of the battery chemistr
affect the mining and material extraction processes, making their design an important step in mitigating
environmental impact.

18 https://singlemarketeconomy.ec.europa.eu/industry/strategy/skiltfustry _en
7 https://www.strategyand.pwc.com/de/en/industries/enatijjies/gigafactoriesandraw-materials.html
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The process of cell production is energy and water intensive, making the design of the production
facility crucial. Even upgrading existing production facilities can greatly improve environmental impact.
Given the large quantities in which batteries areguced, the design of the battery pack, the materials
used, and the technical parameters that influence battery life are all crucial factors from an
environmental perspective. Designing batteries with recycling in mind is particularly important.

Lastly, recycling and finding second life applications for batteries are crucial steps in the value chain
from an environmental impact standpoint.

We haveanalysedthe job roles advertised by companies in the four areas of the value chain and
matched them with the existing ESCO Drives job role classification. However, we discovered that the
ESCO classification lacks sufficient detail, so we had to refer to mE§BO job descriptions to
accurately describe each real job role.

It is important to note that all the positions we identified are in the research and development field and
require a higher education qualification.

KeySelected Job Rol&s

1. Mining engineer
Collaborates and conducts with others geographical exploration by reviewing maps and drilling
logs to determine location, size, accessibility, and estimated volumes of deposits. Works with
aggregate production to develop methods to extract material,

2. Manufacturing engineer cell assembly
Mechanical development engineer creates, develops and soapemanufacturing processes
for battery cell manufacturing line.

3. Battery System Engineer
A battery system engineer is responsible for designing, developing, and testing battery systems
for various applications. They work with a team of engineers and scientists to create efficient,
safe and costffective energy storage solutions for electrahicles, consumer electronics, grid
storage and other applications.

4. Chemicaprocessengineer
Develops and implements chemical process designs of lithimnibattery recycling processes
and primary resource extraction technologies.

18 https://www. projecialbatts.eu/en/skillscards
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The occupation names in 6.2 are listed based orottmipationnames used in regb advertisement

by the real companies. In 6.3. we are mappoogresponding ESC@® Albattsclassifiedobs that are
closest to the advertised occupati@nSometimes there are several corresponding job roles that
correspondwith the real one, therefore ESCInd Albattsnames have been kept under thariginal
names The structure of the tables in 6.3.each occupation starts with the real job name and skills
followed by ESCénd/or Albatts classified joboles

6.3 Skills for the Green transition in the keccupations

Occupation 1

Mining engineer- real company job description

This position will be responsible for monitoring aggregate production and planning, including surveying,
developing extraction methods, managing capital projects, and assistaiganrequipment planning.

Occupationl* Mining Engineef’

Value chairstep
Closes&SCO job role

Mining and material extraction

Mine planning engine&f, Environmental mining engineét

Mining engineer Short term for| Green | Brown | White
analysis
Key Responsibilities (Essential Duties a
Functions):
Workingwith management in facilitating survey| Support the X
plans and development around our aggreg{ maintenance
production operations to maintain the Min| of the Mine
Planning Tracking Sheet. Planning
Tracking Sheet
Collaborates and conducts witthers Conducts X
geographical exploration by reviewing maps an geographical
drilling logs to determine location, size, exploration
accessibility, and estimated volumes of deposit|
Works with aggregate production to develop develops X
methods to extractnaterial, evaluating factors methods to
such as safety, operational costs, deposit extract
characteristics and overburden depth. material

Lttps://www.indeed.com/viewjob ?jk=b3626a30ef2788d2&from=mobRdr&xpse=SoAY67131haOkxw3sBOLbzkdCdPP&utm_
source=%2Fm%2F&utm_medium=redir&utm_campaign=dt

20 http://data.europa.eu/esco/occupation/7b99@BHFE4703-85d3f168bc6a9f28

21 http://data.europa.eu/esco/occupation/32548i025-4c49-9f22-78dee3543704
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Assists in laying out and directing mine Assists mine
construction operations, such as location and construction
development of ramps and positioning of minin¢  operations
area, access roads etc.
Assists in drill and blast surveying and report Assists in drill
development while working directly with drillan{  and blast
blast vendors to ensure they are operating surveying
efficiently.
Assists irmnalysinghroughput costsanalysing Assists in X
plant flow, and determining cycle time analysing
opportunities in the load/haul fleet. throughput
costs
Assists iranalysingand determinindabour Assists in X
requirements, equipment needs, and operation; budget
costs for annual budget preparation and preparation
reporting. and reporting
Assists in determining loagnge planning Assists in X
designs and data tdetermine proof of financial financial
justification. justification
Will work with the team to ensure company ensure
compliance with mandated safety and compliance
environmental policies on all mining/material with safety
production practices. legislation
ensure
compliance
with
environmental
legislation
Will work with company management and State ensure
and Federal agencies to ensure compliance wit compliance
all applicable laws and regulations. with legislation
Ability to detect safety hazards and respond Prevents
accordingly. safety hazards
Adhere toall state and federal regulations, if
applicable, as set forth by the US Department ¢
Transportation (DOT), Occupational Safety ano
Health Administration (OSHA), Mine Safety anc
Health Administration (MSHA), or any other
regulatory agency.
Additional Responsibilities:
Display a professional and courteous attitude tq¢  Display a X
co-workers, supervisors, and the general public| professional
all times. and courteous
attitude
Must be willing to travel and work away from Work abroad
homewhen required.
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Must be willing to work nights and weekends | Work in nights X
when necessary. and weekends

Report to the assigned job site in uniform and | Report in time X
ready to begin work at the designated start time

Strict adherence to safety requirements and adheres to X
procedures as outlined in the Environmental, safety
Health & Safety Manual. procedures
Strict adherence to Pike policies and procedure adheres to X
as outlined in the Employee Manual. employee
procedures
Willingness to work in a team environment and| work as ateam X
assist ceworkers or supervisors with other dutie
as required.

Qualifications:

To perform this job successfully, an individual X
must be able tperform each essential duty
satisfactorily.
Education/Experience

I OK St 2 Nasséciate gegrem2Mile X
Engineering; or three to five years related
experience or training; or equivalent combinatig
of education and experience.
General Requirements
adzald LlaasSaa | @JFfAR X
dependable transportation to and from theb
site.
Knowledge/Skill Requirements

Ability to complete necessary mathematical mathematics X
equations and have knowledge of basic algebrz
plain geometry, and trigonometry.

Must demonstrate the ability to use a computer, Communicate X
to communicate effectively. This includes but is| effectively
not limited to the use of Outlook, MS Office
programs, construction software and wdlased
programs.

Ability to read and interpret documents such as interpret X
plans,specifications, procedure, and company documents
manuals.

Relevant ESCO classified job description
Mine planning engineer

Mine planning engineers design future mine layouts capable of achieving production and mine
development objectives, taking into account the geological characteristics and structure of the mineral
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resource. They prepare production and development schedules and monitor progress against these.

Mine planning engineer Green | Brown | White

Essential Skills and Competencies
address problems critically

advise on mine equipment

generate reconciliation reports

interface withanti-mining lobbyists
maintain plans of a mining site
monitor mine production

prepare technical reports
schedule mine production

x [x |x |[x |x

supervise staff

use a computer

XX | X | X | X

use mine planning software
Essential Knowledge

impact of geological factors on mining operations

geology X
mining engineering X

Optional Skills and Competences

ensure compliance with safety legislation X

evaluate mine development projects

assess operating cost X
mine dump design X

monitor mine costs
use technical drawing software
Optional Knowledge

mine safety legislation X
minerals laws X

Environmental mining engineer

Environmental miningngineers oversee the environmental performance of mining operations. They
develop and implement environmental systems and strategies to minimize environmental impacts.

Environmental mining engineer Green | Brown | White

Essential Skills an@ompetencies
address problems critically X
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approve engineering design

assess environmental impact

communicate on minerals issues

communicate on the environmental impact of mining

develop environmental policy

ensure compliance with environmental legislation

ensure compliance with safety legislation

maintain records of mining operations

manage environmental impact

perform scientific research

prepare technical reports

supervise staff

troubleshoot

use a computer

use technical drawing software

X [ X [ X | X |X [X

Essential Knowledge

engineering principles

x

mining, construction and civil engineering machingrgducts

chemistry

civil engineering

technical drawings

engineering processes

X X [X | X

Optional Skills and Competences

develop mine rehabilitation plan

negotiate with stakeholders

present reports

Optional Knowledge

biology

impact of meteorological phenomena on mining operations
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Occupatior?
Occupation2* Manufacturing engineer cell assemblf?
Value chain step Cell assembly
Closest ESCO job role 2141.4.1- Manufacturing Engineét

Real job description

Manufacturing Engineer, Cell Assembly

Tesla is looking for a highly motivated Mechanical development engineer to create, develop and scale
up manufacturing processes for our cuttiegdge Tesla battery cell manufacturing line. This role will
invent, develop, scale up and optimize battery mamtifiging processes within a crefsnctional
engineering team responsible for the development lifecycle and launch into manufacturing. In this role,
you will work closely with many organizations both internal and external to Tesla taking new battery
designdrom initial concept through into full production.

The battery cell is a critical component in Tesla vehicles and storage systems. This role will have the
opportunity to make meaningful contributions to our products. The work environment is demanding,
fastpaced and incredibly exciting. The ideal candidditeuld be ready to push their limits, as they join

in highly motivated and capable team to make unbelievable things happen.

Manufacturing Engineer, Cell Assembly Shortterm for | Green | Brown White
analysis
Mechanical development engineer to create, develop| Developbattery X
and scale up manufacturing processes for our cuiting cell
edge Tesla battery cell manufacturing line. manufacturing
line
This role will invent, develop, scale up and optimize | Develop battery X
battery manufacturing processes within a cross manufacturing
functional engineering team responsible for the processes

development lifecycle and launch into manufacturing.
thisrole, you will work closely with many organization
both internal and external to Tesla taking new battery
designs from initial concept through into full
production.

Responsibilities

Drivedevelopment of new/innovative manufacturing Develops X
processes from proof of concept through to full scale| Innovations to
production that enable improved battery performance improve battery
and/or cost performance or
cost

Zhttps://www.indeed.com/m/viewjob?jk=446b3b72dfc4cd70&from=serp&xpse=SoD56713ID4escAFSbOLbzkdC
dPP
23 http://data.europa.eu/esco/occupation/6818¢BR%a41200913bd360b7b14d0
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Be an expert leader ithe technical discussion and
define process and Equipment development roadmay
for Cell assembly processe®etal forming/ Dispensing
battery cell technology.

define cell
assembly
processes

Work with internal and external teams to develop

design solutions

innovative process, product and equipment design to advance
solutions to advance battery performance and cell battery
manufacturing. performance
Plan and Execute Dotescharacterize boundary optimize
conditions and optimize process for manufacturability manufacturing
and quality. process
Develop and manage PFMEA, DFMEA risk assessm{  manage risk
to prioritize process improvement projects and ensur¢  assessments

adequatemetrology and controls are in place.

Use tools like Minitab/JMP for data analysis and
presentation of experimental data

Develops data
analysis

Establish process controls for SPC and develop proc
related OCAPs

Establish proces
controls for SPC

develop process
related OCAPs

Lead product design for manufacturability (DFM),
DFMEA and sustainability, including:

Lead product
design for
manufacturability

Analysis of product design argentification of potential
risks to the process

Risk analysis in
product design

Run CAE/CFD simulations to theoretically understan
/De-risk new process/Equipment design changes

Run CAE/CFD
simulations

Build processlocumentation to accurately define the
process to crosfunctional teams (equipment, quality,
production, etc.)

Build process
documentation

Qualifications

MS or Ph.D. (or relevant exp) in Mechanical Enginee
Manufacturingengineering, Chemical Engineering, or
related field

5+ years relevant experience in
interdisciplinary/integrated engineering, process
development, manufacturing engineering, or 3+ years
Battery R&D and Manufacturing in a commercial
lithium-ion environment.
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In-depth understanding and knowledge of lithidion lithium-ion
battery technology including material selection, battery
fabrication, and synthesis; new battery cell design, technology
assembly, testing, and failure mode analysis. Haomds
experience with lithiurdon battery cell product
development is a strong plus.
Experience with Metal forming/Stamping/dispensing | Metal working
applications is preferred
Evidence of Deepnderstanding of engineering engineering
fundamentals and ability to apply them towards principles
manufacturing process development
engineering
processes
Demonstrated capabilities in manufacturing process Transfer R&D
development for new products andibility to transfer into
technologies from R&D into manufacturing is require¢ manufacturing
processes
Proven ability to successfully manage multiple projec project
and meet deliverable deadlines amidst changing management
requirements, deadlines, and priorities
Manufacturing process specification and evaluation Manufacturing
experience process
Relevant ESCO Classified job description
2141.4 Industrial engineer Green | Brown | White
Essential Skills an@ompetences
adjust engineering designs X
approve engineering design X
perform scientific research X
use technical drawing software X
Essential Knowledge
engineering principles X
engineering processes X
industrial engineering X
manufacturing processes X
production processes X
technical drawings X
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Optional Skills and Competences (selected)

adjust production X

advise on safety improvements X

analyse testlata

assess financial viability

assess the life cycle of resources X

conduct literature research X

define technical requirements

design automation components

design electromechanical systems

X | X X |X

determine production feasibility

Optional Knowledge

3D modelling

CAD software

CAE software

X X [ X X

ICT software

Occupation 3

Battery system engineer

A battery system engineeis responsible for designing, developing, and testing battery systems for
various applications. They work with a team of engineers and scientists to create efficient, safe and
costeffective energy storage solutions for electric vehicles, consumer elgcspgrid storage and
other applications. They are responsible for the overall performance of the battery system, which
includes the battery cells, control and management electronics, thermal management and safety
systems. They need to have a strong umstkending of electrical engineering, materials science, and
manufacturing processes, as well as experience with battery management systems, safety protocols
and regulations. They also need to be familiar with simulation exadlelling tools to predict the
performance of the battery systems under different conditions. They need to be able to work closely
with other engineers and stakeholders to ensure that the battery system meets the requirements of
the application and is compatible thithe rest of the syste.

The job description comes from thpeoject Albattsthat was mapping skills and training in the battery
sector. The position of Battery systems engineer has been linked in this project to 3 ESCO occupations
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Role 3* HV Battery Engineét

Valuechain step Battery pack assembly

Closest ESCO job role

ESCO Occupations

ID NAME Concept URI

2511.5 embedded system | http://data.europa.eu/esco/occupation/10469d7@88a3
designer 46509e29d04del3c62cl

2511.16 ICT system http://data.europa.eu/esco/occupation/bd9d395d587-
integration 45c6:8d72-ceef226df9el
consultant

2149.9.2 energy systems http://data.europa.eu/esco/occupation/1ff6 1528947
engineer 4¢c95hb589-cb0e0539a62b

During the analysis of the green skills, the positionEmbedded System Designand ICT System
Integration Consultant there were no green skills detected in the ESCO database.

The position oEnergy systems engineshowed several skills that were classified by ESCO as green.
But this position is only partially relevant for Battery system design.

Most relevant and closest is the ESCO classified position of Embedded system designer

Real job description

We are looking for an HV Electrical Battery Engineer to help us grow the product range and lift the
quality of the motorcycle design to new highs.

As a member of the electrical engineering team, the role of HV Electrical Battery Engineer will be to
design and develop battery systems across several Norton products. This could include battery
topologies, BMS PCB specifications and drawings, reviewppiers' specifications and drawings for
suitability and creating any relevant requirement documentation. You will be responsible for your
design areas from concept to production.

24 https://www.linkedin.com/jobs/view/37475526942trk=li_ziprecruiter_Global_careers_jobsgtm_ecaeda9b
42b8b4cd6523386e15d5_jeb
dist&utm_medium=jobdist&mcid=6810586802156523557&utm_source=ziprecruiter&ePP=CwEAAAGLWCBf1
YrxUM9Rzv20O3NY7SNOIDdOTLJIO5CCfXavLitdkddA2iIMMIyZrXzgmZ574ultO3t
Z9FyK8BXiAZzhPIkQ2pCDyE8KJA&ccuid=49920232553&cid=5a4fa3t@3b4f2d-8a857f0cabfo59a8
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HV Battery Engineer Short term for analysis | Green | Brown | White
As a senior electrical component enginee
you will be responsible for:
Understanding the requirements across | Apply battery modules X
the product range that must be considere manufacturing
in the development of new battery requirements
modules for use on the motorcycle.
Creating, agreeing, and maintaining maintain standard X
standardspecification documents specification documents
(environmental/thermal/EMC/electrical
etc) that can be used to ensure all selects
components are suitable.
Creating and reviewing electrical hardwa| create electrical X
specifications (inputs/outputs etc) for the | hardware specifications
development of new components.
Creating and assessing thermal/cooling | create thermal/cooling X
strategies of the battery system strategies of the battery

system

assesshermal/cooling

strategies of the battery

system
Validating various mechanical and Validate mechanical and X
electrical attributes in the design through| electrical designs
simulation methods
Working with other engineers within the | collaborate with X
wider teams toensure that all engineers
requirements are captured.
Working with the testing lead to create | Develop test procedures X
test and validation procedures for all new
and existing components.
Validating the fundamental design of Validate electrical design X
electrical components with external
suppliers.
Working with other engineers on the Design batteries X
optimal locations/packaging of any items| packaging
where required based on internal and
external requirements.
Support the integration engineers througl Liaise with automotive X
the development of the vehicles to ensur¢ engineers
issues are identified and resolved in a
timely manner.
Working with other departments in the | Support suppliers X
selection of suitable suppliers and identification
components.
Working with the wider electrical team to| develop functional X
develop functional specifications and specifications for battery
requirements for modules. modules
Personal Specification
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The candidate must have experience in t|
following:
Strong Organisational and communicatio| organise information, X
skills objects and resources
Apply communication
skills
Passion for New Product and Current X
Projects (Automotive and Motorcycle
interest would be preferred)
HV safety and requirements High voltage safety X
requirements
HV system and component selection High voltage system and X
componentselection
HV Busbar design High voltage Busbar X
design
Simulation toolsets such as Matlab and | MATLAB X
Simulink
SIMULINK
Cell selection/Supplier liaison
Automotive electrical component automotiveelectrical
specification and design component specification
and design
Owning and creating specification write specifications X
documents
ISO/similar standards for component Standardgor component X
testing/design testing and design
Be able to read andnderstand electrical | Read electrical circuits X
circuit / PCB schematics as required
Componertlevel testing and faultinding | Perform product testing X
CAN/LIN communication and simulation | CAN/LIN communication
methods and simulation methods
The candidate ideally would have
experience in the following, but this is nof
essential.
Direct experience of battery and BMS X
electrical design (e.g., Busbar/PCB desig
from a supplier.
CREO / Prengineer
Topology design. X
The candidate must have an Electrical X
Engineering degree, or similar combined
with relevant industry experience and no
f Saa GKIYy p &SI NDa
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Job description Albatts
Note: Albatts- has been a project, in which were defined job roles in the battery manufacturing, the
job roles were then linked to required skills and training in the battery manufacturing sector.

Energy systems designer

Battery System Engineer Green Brown White

develop models

Process Control

analyse test data

perform product testing

embedded systems

Software Development

Requirements Engineering

risk management

project management

computerprogramming

inspect quality of products

identify process improvements

Analysis Methods

System Engineering/Specification

develop new products

safety engineering

Functional Safety

Systemintegration

apply validation engineering

BMS , knowledge

Lithium-ion Chemistry

Battery Systems

Vehicle (Battery) Systems

teamwork principles

communication

Problem Solving

communicate with customers

English, knowledge

use technical documentation

health and safety in the workplace

Standardsfisation

engineering principles

mechanical engineering X
Pager5 of 209
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electricalengineering
computer science

Relevant ESCO classified job description

Embedded system designer
Embedded system designers translate and design requirements and théeligjiplan or architecture
of an embedded control systeaccording to technical software specifications.

Excludes people performing programming and coding activities

Embedded system designer Green Brown White

Essential Skills and Competencies
analyse software specifications

createflowchart diagram

create software design

define technical requirements

develop creative ideas

interpret electronic design specificationg
provide ICT consulting advice

tools for software configuration
management
engineering control theory

ICT communications protocols
Essential Knowledge

signal processing

reaktime computing

task algorithmisation

embedded systems

systems development lifeycle
Optional Skills and Competences
hardware architectures

C++

X X | X |[X | X | X | X

network management system tools
STAF

Erlang

Visual Studio .NET

C#

AJAX

Lisp

ICTsecurity standards

XX X [ X [ X [ X | X [X | X [X | X [X |X |[X|X [X |X|X|[X|X
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ASP.NET X
Assembly (computer programming) X
ABAP X
engineering processes X
Java (computer programming) X
OpenEdge Advanced Business Langua X
JavaScript X
ICT system integration X
tools for ICT test automation X
Haskell X
Salt (tools for software configuration

management) X
Apache Maven X
SAP R3 X
Smalltalk (computer programming) X
Microsoft Visual C++ X
VBScript X
Ansible X
Python(computer programming) X
COBOL X
hardware components X
SAS language X
PHP X
Jenkins (tools for software configuratior

management) X
ObjectiveC X
TypeScript X
Swift (computer programming) X
field-programmable gate arrays X
Puppet (tools for software configuration

management) X
computer programming X
software components libraries X
Scratch (computer programming) X
CoffeeScript X
ICT network simulation X
Perl X
Scala X
APL X
Prolog (computer programming) X
Groovy X
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Pascal (computer programming) X
ML (computer programming) X
MATLAB X
Ruby (computer programming) X

Relevant ESCO Job description

Energy systems designer

Energy systems engineers supervise the energy conversion and distribution processesnalysy
energysupply and consumption efficiency developing new ways to improve the existing processes,
taking into account both the technical and the financial aspects. They also study the environmental
impact of energy usage and combine the production of renewableggna the current power systems.

Energy systems engineer Green Brown White
Essential Skills and Competencies

adapt energy distribution schedules X

adjust engineering designs X
advise on heating systems energy

efficiency X

approve engineering design X
carry out energy management of facilitig X

design electric power systems
draw blueprints

examine engineering principles
identify energy needs X
inspect building systems
manageengineering project
perform risk analysis
perform scientific research
promote innovative infrastructure desigt
promote sustainable energy
troubleshoot

use technical drawing software

x

X X X | X

Essential Knowledge
energy performance of buildings X
energy market X
electricity consumption X
energy X
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technical drawings X
solar energy
environmental engineering

electrical power safetyegulations
engineering principles
engineering processes
renewable energy technologies X

Optional Skills and Competences
conduct engineering site audits
assess financial viability
createAutoCAD drawings
analyse energy consumption X
analyse big data
analyse test data
define energy profiles

X | X [ X |X

RelevantESCO classified job description
ICT system integration consultants advise on bringing together different systems to
interoperate within anorganizationfor enabling data sharing and reducing redundancy.

ICT system integration consultant Green Brown White

Essential Skills and Competencies X
apply information security policies

attend to ICT systems quality

consult with business clients

define integration strategy

define technical requirements

ensure proper document management

integrate ICT data

X [ X [X |X | X [X | X |[X

integrate system components

keep up with the latest information systems
solutions

manage changes in ICT system

monitor system performance

monitor technology trends

optimise choice of IC3olution

provide ICT consulting advice

use scripting programming

X [X | X | X [ X | X |X
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verify formal ICT specifications X

Essential Knowledge

systems development lifeycle X

Optional Skills and Competences

build business relationships
educate on data confidentiality

write work-related reports

manage ICT change request process

track key performance indicators

create project specifications

provide technicalocumentation

use different communication channels

X X [X |X | X [X |[X |[X [X

perform project management

Occupation 4

Recycling and second life

The final section of the battery value chain is dedicated to battery recycling and second life. Key
occupations include recycling specialists and engineers, environmental engineers, chemical engineers,
machine operators, recycling, R&D, and inventory tédhns.

All these job profiles are needed to implement efficient and environmentally friendly processes to
recycle and reuse batteries. Knowledge and experience required in this part of the chain extends to
battery components and materialghemical engineering, material science, material recovery, and
relevant regulations. Further skills called upon include dismantling batteries, handling of hazardous
waste, and battery upcyclingsuch as repurposing EV batteries for stationary applications

The battery is composed of many different materials and components e.g. plastics, metals,
electrotechnical devices and lithium cells. The reason why we chose chemical engineer is that one of
the most difficult tasks in battery recycling is the recyclingheflithium cells itself. All other battery
components have been used for very long time in other domains and the recycling processes are
establishedbut the lithium cells are new. That is what represents the real challenge in battery industry
today. Theefore, we chose the Chemical engineer job role for our analysis.
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Occupation4* Chemical Process Enginéer
Value chain step Recycling, cell manufacturing, material extraction
ESCO job role Chemical metallurgigf

Real jobdescription
Chemical Process Engineer

As our Chemical Process Engineer, you will develop and implement chemical process designs of our
proprietary lithiumion battery recycling processes and primary resource extraction technologies. This
candidate will collaborate with our R&D team, plant ogBrns team, and various internal and external
experts to ensure the successful design, construction, and operations of our facilities. The ideal
candidate will be familiar with the research & development, design, installation, commissioning, and
operatiors of firstof-kind facilities. They should be passionate about designing, implementing, and
maintaining efficient chemical manufacturing processes, ensuring quality control of outputs, specifying
equipment, crafting and deploying monitoring protocols, amarking in a higkperformance and fast
paced environment. The candidate will be a probleolver and have a keen interest in scaling
processes proven at the bench scale up to pitmt pre.commercial scales. This should include a
constant focus on evaltiag current processing steps and proposing and developinggexération
solutions to continuously improve system performance and operability. This position will report to our
Director of Engineering.

Chemical process engineer Short term for analysis | Green | Brown | White
Responsibilities

Design and implement battery Design battery recycling X

recycling & primary resource systems

extraction systems from a laboratory
scale basis into pilot and commercial
scale systems.

Iterate technical improvements to Improve processing routej X

novel processing routes for extracting for battery primary

high-purity battery materials resource extraction

consistently from various feedstocks.

Size and select process engineering | coordinate engineering X
equipment. Coordinate technical teams

requirements to equipment vendors
and review equipment and process

submittals.
Complete mass and energy balances Complete new chemical X
for new chemical processing systemsg batteriesprocessing

systems

2 https://jobs.lever.co/batterymetals/4ad4efkBd43b7aa717b7faa6195ee
26 http://data.europa.eu/esco/occupation/27eb@&@AFd-4c7kaa71bb21e83381d4
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Complete process system designs Complete batteries X
leveraging various solids, liquid, and | process system designs
gas processing technologies.
Support operations and R&D teams If  Collaborate with R&D X
providing technical feedback and test teams
plans for continuous improvement.
Collaborate with program Collaborate with program X
management and construction teams management and
to safely and quickly implement construction teams
efficient designs.

Most relevant ESCO job description

Chemical Metallurgist
Chemical metallurgists are involved in the extraction of useable metals from ores@raable
material. They study the properties of metal, such as corrosion and fatigue.

Chemical Metallurgist Green Brown White

Essential Skills and Competencies
apply health and safety standards X

assess suitability of metal types for specific
application

conduct metallurgical structural analysis

develop new installations

ensure compliance with environmental
legislation

join metals
manipulate metal

monitor manufacturing quality standards
perform sample testing
prepare samples for testing

prepare technical reports

work in metal manufacture teams

X X [X | X |X [X |X

Essential Knowledge
chemical technologies in metal manufacture

precious metals

chemical processes

X | X X [X

alloys of precious metals
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precious metal processing

ferrous metal processing

metal forming technologies

non-ferrous metal processing

metal and metal ore products

X [ X [X | X |X [X

types of metal

Optional Skills and Competences
ensure public safety and security
process incident reports for prevention
test raw minerals

extract products from moulds

maintain ore processing equipment

monitor extraction logging operations

separate metals from ores

install monitors for process control

liaise with quality assurance

X X [ X | X [X | X [X | X [X |[X

extract materials from furnace

6.4 Skills supply for the Green transition

The energyransition creates significant demand for skilled workers and professionals. Current training
resources are not sufficient to meet the demands of the skills shortages in the rapidly growing European
battery value chain.

The demand for lithium batteries is expected to increase significantly in the coming years due to the
electrification of mobility and the need to reduce climate change. This growing demand creates a need
for skilled professionals who can design and deveRfipient and safe lithium battery systems.

There are severalptionshow to get the necessary education:
9 Training Courses and Certificates: There are several online courses and certificates available
that can help individuals gain the necessary skills in lithium battery design. Platforms like
Coursera offer courses on battery technologies, algorithms forebathanagement systems,

lithium-based batteries, and more.

1 Pact for skills initiatives of government and private entities to support public and private
organizations in workforce rskilling and ugskilling.
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1 Industry Collaboration: Collaboration between industry and academia is crucial in developing
training programs that meet the industry's requirements. By working together, industry experts
and educational institutions can ensure that the training providedelievant and ujio-date
with the latest industry advancements

1 Classical educational institutions study programs.

Increasing demand for expertise in the battery sector will require to take moreagitbucationforms
and approaches

Here are few examples:
A - European Battery Academy (EBA) and European Institute of Innovation and Technology (EIT)

Green skills training Exampteprovider European Battery Academy (EBA) and European Institute of
Innovation and Technology (EIT)

The EBA25Battery Academy, the first training platform in Europe in the field of battery manufacturing
for electric vehicles.

In June 2023, The European Battery Academy announced the deployment training for approx. 150,000
workers in Spain over the next five years in the field of batteries through the School of Industrial
Organization (EOI) as a result of the agreement signatidyschool of Industrial Organization (EOI),

part of the Ministry of Industry, Trade and Tourism, and EIT InnoEnergy. This training project by the
European Battery Alliance has already held more than 30 training courses since 2018 in collaboration
with leading European companies and organizations in the industry, and it offers its services through
those locakentresspecialized in training workef.

In February 202#he European Institute of Innovation and Technology (EIT) has announced the launch
of the European Battery Alliance Academy with a budget of EUR 10 million at the annual ministerial
meeting of the European Battery Alliance (EBA).

With the mission to make Europe the global leader in sustainable battery technology, the European
Battery Alliance Academy will train, reskill and upskill approximately 800 000 workers by 2025 to meet
the demands of the skills shortages in the rapidly gnogwEuropean battery value chain.

The academy was created under the framework of the European Battery Alliance (EBA), which was
launched by the European Commission and is managed by EIT InnoEnergy, one of the Knowledge and
Innovation Communities of the European Institute of Innovation &achnology. #

2T https://eit.europa.eu/nevesents/news/launchirguropearbatteryacademyreskill-thousandsndustry:
workers
28 https://eit.europa.eu/sites/default/files/eba_academy feb 23.pdf
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1.InnoEnerg¥’ study courses

¢CKS LYyy29ySNHe {{Affa LyadAddziS Aa 2yS 2F 9dzNP LIS
energy workforce, spanning energy storage, photovoltaics, and green hydrogen. Inspired and informed
by the dynamic clean energy ecosystem of EIT Ineiafyn

They are intended for the global workforce, to provide expertise and skills required to create a
sustainable economy. The knowledge and kiimw aredivided into relevant, applicable, and effective
modular training courses.

It offers 35+ courses and programs

Thetraining is available in 10 languages

It has more than 40 industry partners

More than50 experts from industry and academia

eeege

The expertise is backed by a range of sector experts, alliances and partnerships that help them to deliver
innovative and highly effective skills training that drives the global transformation of the sustainable
energy sector, covering energy storage, ptavoltaics, green hydrogen and many other forms of clean
technology.

2. Storageg on-demand storage training anckrtification by InnoEnergy

EIT offers odemand training for all levels of technical knowledge covering introductory,
intermediate, and advanced knowledge of battery technology, applications, and energy syBteins.
blended programs with hanelsn battery labs help workers to gain the knowledge, skills and confidence
they need to fill skill gaps across the battery value chain, from raw materiedgyoling

2 https://www.innoenergy.com/skillsinstitute/skillsolutions/storage/
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EIT training portfolio across the battery value chain

Applications
Raw Materials Active Battery Cells and E-mobility
Materials Battery Packs ESS

Ind. applications

Recycling
2nd life

> 90 >
e [ Energy Storage Innovation
2T | Battery storage and the
T 3.8 [ Battery Storage Expert Programme energyvtrunsltgion
Energy storage the battery revolution S
- Battery Storage Applications
Battery storage value chain
Battery storage opportunities and uses
Battery storage: Business models,
market and regulation -
o Fundamentals Buttery management Energy Systems Integration:
2 - on batteries connection and control the future of transport
To ‘ i =
3 i Understanding energy storage:
E:-.J ‘ Materials to Electrodes ) Electrodes to Cells the battery revolution
o}
H Battery Storage | | Introduction to solid Battery storage and Battery storage
Basics state batteries smart grid applications || masterclass
Energy systems integration: | | Energy Systems
’ Boltery storage systems l an introduction ‘ Transformation |
Power Convertors and Efficiency Energy Systems Integration: | | Data science for
in Battery Applications evolution in electricity grids energy engineers
g\t’lggrrr\]/sMnnugement ‘ Battery testing Cybersecurity in the energy sector
‘ Managing Energy Data:
Advanced Analytics
E Battery bash (Android) [ Battery technician
S
=
Suw . Battery workbench (VR)
2 == Online Certificate

= Blended Certificate
Learning Game

Note: TheEuropean Qualifications Framework (EQ&)ts as a translation device to make national

gualifications more readable across Europe, promoting workers' and learners’ mobility between
countries and facilitating their lifelong learnify.

The institute offers 5 courses that have recycling in their curriculum. Energy Storage Innovation, Battery

Storage Expert Program, Energy Storage the Battery RevolBtéwery Storage Value Chain, Battery
Technician.

The battery courses cover all EQF levels.

3.LYy2SySNBe al daGSND& Ay adaidlrAyrofs SySNHe &2 dzi A

Innoenergy offers2-year study program in cooperation with other Europeamiversitiesin e.g.
Sweeden, Spain

Courses in thérst-yearfocus on topics such as sustainable energy conversion, renewable energy, and
ways of ensuring minimal human impact on the environnient.

30 https://europa.eu/europass/en/descripmhteqf-levels
31 https://www.innoenergy.com/festudents/masteschool/mastes-in-sustainablenergysystems/
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The course deepens understanding of the transformation of primary sources from different forms of
RenewableEnergySources(electrical, thermal, photonic, biomass) into other forms of energy (erergy
to-energy), energy storage, energy carriers (such as H2), or synthetic chemicals. A particular emphasis
is placed on the management of CO2, a global problem, but at the sama som@ce of carbon, which

is necessary to produce synthetic chemical products.

Requirements: A background in mechanical engineering or chemical engineering is recommended.

B - Automotive Skills AlliancgASAJ

Automotive Skills Alliance has goals to boost thekiding and ugskilling within the automotive sector
which isfacilitatedby the wide network of partners.

ASA, headquartered in Brussels, is an organization that operates across Europe and spearheads the
skills initiative. They provide comprehensive training programs that focus on the Automotive and
Battery Industry. ASA's Knowledge Hub is home to an extecsileetion of almost 200 courses.

The Automotive Skills Alliance provides training primarily focused on the technical aspects of battery
manufacturing. While some of the courses are offered for free, the majority of them require payment.

| Skills
~ ~ v v 3] +2
k’ Eramework TRAINING COURSES CONCEPTS TOOLS WIKI ABOUT j —
®1h Online ®1h Online ©1week/16h Online
m
Lssa
finalbatts Lean Six FH I]OANNEUM

EU POLICIES AND REGULATIONS
ALBATTS

Free 245|C2 FOEEEIN

®5weeks /25 h Online
o
-2 METIS
P
Nanomaterials for Electronics
TU Graz - IFE

Free EXENNGEN O Details

32 hitps://learn.skillsframework.eu

Sigma
ollow 8ot

LSSA Lean Six Sigma Yellow Belt
Ceritification
Lean Six Sigma Academy

166 € ESEIGFA O Details

®87h No Upcoming Date

-2 METIS

Design of microcontroller devices to
project specification
IAL Innovazione Apprendimento Lavoro
FVG

Free EXTINAVE O Details

Effective Power Measurement of
Controlled Powertrains
FH JOANNEUM Gesellschaft mbH

500 € 2161 C1 EOIERS

©1week/16h Online

FH|JOANNEUM

Electric Vehicles
FH JOANNEUM Gesellschaft mbH

500 € ENENGIM O Details
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Q leaming  .yqiicu (en) «
Platform

KA

BATTERIESBASICS felDatism,  BATTERIES BASICS albatism BATTERIES BASICS fralbatism. .

Asibatts [SCN

ALBATTS - Integration ALBATTS - Manufacturing Automotive Battery ALBATTS - Raw Materials,
Process Processes Systems Engineer Mining and Refining

BATTERIES BASICS -salbatis me BATTERIES BASICS albalism  BATTERIESBASICS abatism.

ALBATTS - EU Policies ALBATTS - Future Trends ALBATTS - Types of ALBATTS - Battery
and Regulations Batteries Fundamentals

MooC MoOC MooC

Green skills training ExampleProvider ASA / Albatts project

EU Policies and Regulations training

In this unit, structured with 3nodules, you will first learn about the main UN agreements adopted by
the EU and an overview of the EU Green Deal and how it is affecting the legal requirements related to
batteries, including the Battery Passport, and how it contributes for a sustaibakiery industry and

its integration into the circular economy.

Germany

Germany is one of the most advanced countries in battery research and development. There are various
researchcentresthat create ecosystems with the universities and industry leaders.

G Fraunhofer Institute

The Fraunhofer Research Institution for Battery Cell Production FFB and the FH Minster created a joint
approach imparting knowledge on battery production. Fraunhofer FFB researchers are teaching
students at the FH Munster the basics of battery researehdaries of lectures.

1. "Skill and Scale up" prograd3

Includes three central research areas of battery cell production.

33 https://www.ffb.fraunhofer.de/en/events/skilbcaleup.html
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In a total of 15 lectures, students are taught detailed knowledge about battery production. Experts from
the Fraunhofer FFB each shed light on their area of research, with the following three main topics being
covered throughout the semester. These follthe process chain of battery production in terms of
content:

basics of battery production:

Based on the current market developments and areas of application of modern batteries, the first
section explains, among other things, how electrochemical energy storage devices work and the
manufacturing process, cetypes and alternative battery technologies, as well as factory and
production planning.

digitalized battery cell production:

Digital technologies enable efficient and sustainable cell production. The second focus area of the
lecture therefore focuses on battery production 4.0, such as the digital twin;lokgad optimization

and simulation technology.

production management:

The lecture culminates in the characterization of innovation and technology management, sustainable
battery cell production along the entire value chain, and production and quality management in the
battery environment. Students from the following disaigls can participate in the lecture: Materials
Science, Chemical Engineering, Photonics, Electrical Engineering, Industrial Engineering, Mechanical
Engineering, Electrical Engineering, and EnrBugjidingEnvironment.

Green skills are addressed in the program with lectures on Value added structures & recycling,
sustainability management.

The program, developed in collaboration witiinster University of Applied Sciencesmparts
fundamental knowledge in battery research to students during the winter semester of 2023/2024.
1. ELLB European Battery Cell Learning Laboratory by Fraunhofer FBB

The ELLB course progrim is another initiative that offers to its students the most suitable course
across all levels of expertise.

34 https://www.ffb.fraunhofer.de/en/press/New_series_of lectures_starts.html
3 https://www.ellb.fraunhofer.de/en/courses.html
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ELLB is part of the battery cell research project "FoFeBat" in Minster funded by the Federal Ministry of
Education and Research and they are working together with many Fraunhofer institutes, universities
and industrial partners on the establishment of tBeiropean Learning Lab Battery Cells EL&B
community with a wide range of innovative upskilling and reskilling offers on the subject of batteries,
which is playing its part in shaping and advancing qualification in the battery sector in Europe.

Sweden

In Swedenthe European Battery Alliance works with the InnoEnergy Skills Institute to develop training
courses for the battery industry®

EIT InnoEnergy has a presence in academic institutions, such as the Royal Institute of Technology (KTH)
in Stockholmyhere it plays a role in the Innovation & Entrepreneurship Joufney

The InnoEnergy Master School offers programs, with students pursuing studies in renewable energy at
institutions like KTH in Stockholrf.

InnoEnergy Master School offers twears dualdegree/duallocation sustainable energy engineering
programs to students with an innovative mindset and entrepreneurial ambitions. Our programs are
offered in Portugal, Spain, France, Belgium, the NetherlaBdsmany, Poland, Sweden and Finland.
Students follow academic lectures at one of our 14 partner universities (two years = two different
universities) In addition, InnoEnergyganizesthe Innovation & Entrepreneurship Journey (minor)
during which studentsfollow complimentary training in topics such as business, leadership,
entrepreneurship and more. Additionally, students engage in -litml challenges with
industry/startups/municipalities and have access to prime internships/employment opportunities

throdzZA K LYYy29ySNHe&Qa ySigo2N] 2F 20SNInnn AYRAzZAGNRI f

Oy 22AY Lyy 29y Si\iBs@gted to $uppBrSstutientd with dhNePceadidn of their own
start-up through mentorship, development, IP creation, furgl and more. For intake 2020, the
following programs are offered:

alatSNDa Ay wSySgroftS 9ySNHEHe@
alatSNDa Ay {daAadrAylrotS 9ySNHe {eaidsSva
al aG6SNDa Ay {YFENI 9f SOGNAOIt bSidig2Nla s {eadasy

al Aa0SNDa Ay 9ySNHeé ¢SOKy2f23ASa
9dzNR LISHY al aGSNRa Ay bdzOf SN 9y SNHE@
alatiSNDa Ay 9ySNHe& ¢N}YyaAirildrzy

0b92 0 alaisSNRa Ay 9ySNH& {G2NJ}3S

= =4 -4 4 -4 -8 -

Additionally, RISE a Swedish research institute, offers open and taif@de courses and introductory
trainings for reskilling and ugskilling in the battery value chain. These courses cover various aspects of
the battery industry, including safety, recycling, batteryvéses, and other parts of the battery value

36 https://ec.europa.eu/europesaciatfund-plus/en/news/egbowersskills-batteryindustry
57 https://www.innoenergy.com/uploads/2023/01/factsteestudentrecruitmemtagents. pdf
38 https://www.innoenergy.com/uploads/2023/01/factsteestudentrecruitmemtagents. pdf
39 https://www.ri.se/en/whatve-do/educations/battetyaining-and-coursesin-batteries
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chain.

It is worth noting that the battery industry in Sweden is experiencing growth and development.
Companies like Northvolt have received support from the Swedish Energy Agency, contributing to the
promising future of battery technology in Swedén2 KSy A G O2YSa G2 O2YLISGSyOS
Energy Agency supports several initiatives to increase competence in the field, including collaborations
GAGK @I NAR2dza O02f%% S3Sa YR dzyAGSNEBAGASEE

In summary, EIT InnoEnergy is actively engaged in Sweden across various domains, including industry
collaboration, skills development, strategic partnerships, academic initiatives, and operational focus,
contributing to the advancement of sustainable engignovations.

Conclusion:
Theintegration of green skills into comprehensive training programs is more common than focusing

exclusively on battergpecific green traininglhe current scarcity of lithium battery reskilling suggests
that the industry is still in its early stages and requires additional educational resources.

Swederand Germanyappear to be the most advanced not only in battery training but also in creating
the entire battery ecosystem. Until recently, there was limited information available on training in
Spain; however, battery training in Spain has recently reached a new EBwelEuropean Battery
Academy, in collaboration with InnoEnergy, has announced the deployment of training for
approximately 150,000 workers over five years in the field of batteries.

6.5 Batteries sector results and conclusions

Lithium-based batteries power our daily lives from consumer electronics to natidef@nce They
enable electrification of the transportation sector and provide stationary grid storage, critical to
developing the clearenergy economy.

The main trends in the green transition

The lithium battery value chain comprises of mining and material extraction, lithium cell production,
battery pack production and recyclinBattery production itself is not without environmental impact,

the battery production uses rare metals and significant energy and water resources during the
manufacturing process.

The main trend in thé&reen transitionis to gain maximum use of existing batteries through circular
value chain, especially through second life and recycling

When we discuss th&reen energy transition, electric vehicles (EVs) are pinpointed as the principal

40 https://www.energimyndigheten.se/en/news/ 202 3ftitere-of-batterytechnologyin-swederooks-promising/
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technology in driving sustainability forward. Despite the huge variety of battery technologies on the
market, lithium remains the key component in the manufacturing of electric vehicles, but it is also in
short supply.

Questions therefore remaiabout how Europe can develop a sustainable supply chain to support the
manufacturing of EVs, while remaining a key competitor in the global market.

One of the ways to achieve thigie all agreedit would bethrough circular value chain

The past Battery Directive was more focused on waste, collection and recycling but not in aujpined
way as we have seen with the new legislation which focuses on the importance of the circular
economy’?

Themain impacts on environmeratre in Researchand Developmentoccupationghat are involved in
production facility design, methods of ore extraction and battery chemistry, eventually battery pack

design.

Despite the increase in lithium battery production driven by CO2 regulations, it cannot be denied that
the production process itself has environmental consequences. Within the value chain of lithium cell
production,there are four areas of employment that have the most significant environmental impact

mining and material extraction
lithium cell production

battery pack design

recycling

= =4 4 =

The environmental impact of Lithium battery production is primarily concentrated in research and
development positions, as the production processes are highly automated. The impact on the
environment by regular factory employees is minimal, given the extensive automation in place.

Key acupations
The following occupations have been selected as those with the highest environmental impact:

Mining engineer

Collaborates and conducts with others geographical exploration by reviewing maps and drilling logs to
determine location, size, accessibility, and estimated volumes of deposits. Works with aggregate
production to develop methods to extract material,

Mechanical Engineercell assembly
Mechanical development engineer creates, develops and scg@lesanufacturing processes for
battery cell manufacturing line.

4 https://www.innovationnewsnetwork.com/battéeghnologiesandthe-greenrenergytransition/12214/
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Battery System Engineer

A battery system engineer is responsible for designing, developing, and testing battery systems for
various applications. They work with a team of engineers and scientists to create efficient, safe and
costeffective energy storage solutions for electriehicles, consumer electronics, grid storage and
other applications.

Chemical process engineer
is responsible for creating and executing designs for chemical processes in the field of-ilhium
battery recycling and primary resource extraction technologies.

The ESCO job roles in the battery sector are not sufficiently granular and they seem to be quite broad,
and they may represent two quite different jobs.

Green Skills Evaluation

Some occupations lack ESCO classified green skills, potdyeizdlysekey occupations primarily exist
within the research and development field, which requires a strong technical background.
Environmental specialists, on the other hand, often have only an advisory role.

We suggest that more focus should be placed on environmental issues during training. In the R&D
sector, there should be an emphasis on practical environmental topics suetyating and second life,

as it is crucial for R&D engineers to incorporate this knowledge into their designs

The following overview presents real job descriptions from actual companies for each of the four
occupations listed. Any skills identified as green in these job descriptions have been assigned by us
during thisanalysisand can be considered newly identified green skills. This is followed by ESCO
classified job descriptions, where any skills marked as green are based solely on the ESCO green skills
list.

Occupation * Mining

a) Mining engineerg real job description

The following green skills were marked as green by us.

Will work with the team to ensure company compliance with mandated safety and
environmental policies on all mining/material production practices.

Will work with company management and State afatleral agencies to ensure compliance w
all applicable laws and regulations.

Ability to detect safety hazards and respond accordingly.

Adhere to any and all state and federal regulations, if applicable, as set forth by the US

Department of Transportation (DOT), Occupational Safety and Health Administration (OSH
Mine Safety and Health Administration (MSHA), or any other regulatory ggenc
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Strict adherence to safety requirements and procedures as outlined in the Environmental,
& SafetyManual.

b) Environmental mining engineeg ESCO

The following green skills are classified as green by ESCO
assess environmental impact

communicate on the environmental impact of mining
develop environmental policy

ensure compliance witenvironmental legislation

manage environmental impact
biology

¢) Mine planning engineer- ESCO

The following green skills are classified as green by ESCO

geology
mine dump design

Occupation Z Cell manufacturing

a) Manufacturing Engineer, Cell Assembtyreal job description
no green skills identified
b) Manufacturing Engineeg ESCO job description

The following green skills are classified as green by ESCO

assess the life cycle of resources

Occupation 3 battery packassembly

a) HV Battery Engineerreal job description

The following green skills were marked as green by us.

Creating, agreeing, and maintaining standard specification docun
(environmental/thermal/EMC/electrical etc) that can be used to ensure all selected compo
are suitable.

b) Energy systems designer
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This position contains most green skills. Skills with an a&tenie relevant to Lion battery
manufacturing.

The following green skills are classified as green by ESCO
adapt energy distribution schedules

advise on heating systems energy efficiency
carry out energy management of facilities
identify energy needs*

promote innovative infrastructure design
promote sustainable energy

energy performance of buildings

electricity consumption*

solar energy*

environmental engineering

renewable energy technologies*

analyse energy consumption *

ICT system integration consultant and Embedded system desiguleno identified green skills.

Occupation 4 recycling

a) Chemical process engineereal job description

The following green skills were marked as green by us.

Design and implement battery recycling & primary resource extraction systems fr
laboratory scale basis into pilot and commercial scale systems.

Iterate technical improvements to novel processing routes for extracting-figty battery
materials consistently from various feedstocks.

b) Chemical Metallurgist

The following green skills are classified as green by ESCO
ensure compliance with environmental legislation

Training supply for selected occupations

The energy transition creates significant demand for skilled workers and professionals. Current training
resources ar@ot sufficient to meet the demands of the skills shortages in the rapidly growing European
battery value chain.
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Among the most visible education providers belong

- EBA-provides ordemand training forll levels of technical knowledgecovering introductory,
intermediate, and advanced knowledge of battery technology, applications, and energy
systemsacross all battery value chairiThe EBA creates partnerships to provide education in
large scale for hundreds tdfousands oktudents.

- ASA provides ondemand training for battery technology for all steps of the value chain except
for recycling.

Both platforms provide training on European level and the courses are supplied by various European
educational institutions and companies.

On a national level, we have examined the situation in Germany, which is considered one of the leading
countries in Europe when it comes to battery research and education. Germany has a number of
research institutions that collaborate with universities arminpanies to provide training opportunities.

One particularly noteworthy initiative is the establishment of the Battery University, a partnership
between the Fraunhofer Institute and Muenster University. In addition to the Battery University,
Fraunhofer &0 offers the European Learning Lab Battery Cells (ELLB) program, which focuses on
battery cell manufacturing courses.

"The green skills are typically integrated into a comprehensive training programs rather than being
exclusively focused on battegpecific green training."”

The current supply of lithium battery reskilling is insufficiemtzapacity and scop@&dicating that the
industry is still in its early stages and requires additional educational resodittegducation process

is more focused on skills that are necessary to build the battery. We are slowly seeing the emergence
of the courses for green skills.

Focus Groufresults

During the focus group sessions, industry professionals engaged in conversations about defining the
battery industry and identifying the crucial job positions for a green transition. The experts
predominantly took an ecosystem perspective when discusdiegdefinition of the industry, while
considering the NACE classification more suitable for statistical purposes.

According to experts, the primary focakgreen job positions will be in the research and development
field. This is because regular workers have limited influence on the environment at a large scale, as the
production is mostly automatedEngineers play a crucial role in designing processes, extraction
methods, and assembly lines to accomplish this.

The importance of the safety manager job position was highlighted
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Sweden and Spain are considered the two primary advanced battery countries by experts,
although Germany is widely acknowledged as likely being the top country in this field.
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7. The defence sector

The Defence sector covers the design, construction and maintenance of military systems,
subsystems and components. Products and services provided by this sector are usually essential to
mobilize, deploy and sustain military operations. The special charstiteabout this sector is that

their products have to comply with military standards. The production of defence materiel
represents a great responsibility and is subject to strict regulations. Defence industry covers
everything from land, sea and air aplities to huge electronics and cybersecurity.

Companies operating in the industry vary from large multinational companies to small companies.
Usually, Defence industry is led by a small number of companies that have the capacity to design,
develop and produce complete systems. These companies exist alongside with small and medium
businesses that are specialised in the design and/or productiorabus subsystems that are
incorporated into the supply chain of the driving forces for their subsequent integration.

Moreover, companies working for the Defence sector also supply products for the civil sector. This
means that employees from this companies work on defence and industrial technologies products,
so we can conclude that the knowledge needed to work in tHerle sector can be achieved from

and used for other industrial sectors.

¢tKS GRSTSyOS adeaidsSvyaéd o00SAy3a GKSY aKALBAZ | ANDONJ -
of them) supplied by the industry are generally characterised by their complexity,- multi
functionality and high technological level. They are developed lovey periods of time and have

short production runsind the digital transformation have +ghaping the defence sector during the

last decadesThis entails a significant mobilisation of human and economic resources and therefore
has a strong, and in partitar regional, socioccupational impactAccording to the ASD then the
defence sector employed 467.000 people in EUROPE, 63% in Land & Naval and 37% in Military
Aeronautics. (ASD, 2022)

7.1Sector general overview

The Defence sector in Europe is a large and complex joint of industries that provide a variety of
products and services to the military and other government organizations. The Defence sector in
Europe employs thousands of people and generates billionsirafsein revenue each year. The
functions of the Defence sector and its contractors are:
1 Supplying the military equipment needed for the successful execution of military
operations.
1 Providing the base for the maintenance and development of military potential.
1 Playing a crucial role in maintenance/sustainment of the systems: they provide training,
technical services, repairs, updates and many other support functions.
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? The data shown in this report is based on the geographical membership of ASD, encompassing the 18 countries where the national
associations are ASD members. ASD geography (for 2021) includes the following EU and NON-EU Member States:

‘ASD EU": Countries that are represented among the ASD membership and that at the same are EU Member States: Austria, Belgium,
Bulgaria, Czech Republic, Denmark, Finland, France, Germany, Greece, Italy, Poland, Portugal, Spain, Sweden, and The Netherlands.

‘ASD NON-EU': Countries that are represented among the ASD membership and that are not EU Member States: Norway, Turkey, and
the United Kingdom.

‘NON-ASD EU': Countries that are not represented among the ASD membership but that are EU Member States: Croatia, Cyprus, Estonia,
Hungary, Ireland, Latvia, Lithuania, Luxembourg, Malta, Romania, Slovakia, and Slovenia.

Source: ASD Facts & Figures 202#s://asd-europe.paddlecms.net/sites/default/files/2022
11/ASD_Facts%20%26%20Figures%20202248D, 2022)

Only companies who have the necessary kimw and expertise are able ttevelop and support

the equipment the armed forces need to cope with the threats they may face. Those companies
usually also do business with other sectors, mainly in security, space and aeronautics. All these
sectors have a role to play in sustainabifitgce some of these companies contribute to the green
transformation for example, by monitoring the greenhouse gases emissions, by contributing to
digital transformation, by driving innovation in technologies required for carbon free emissions, etc.
The production of defence materiel represents a great responsibility and is subject to strict
regulations. Not only have the EU and all Member States developed very tight national (and
sometimes regional) regulations, but industry also supports a sehdirg international treaties.

The Defence industry needs qualified and specialized employees. They need to facilitate this high
level of qualification and specialization through training / dissemination of knowledge for all
positions.

European Defence industry is scattered over almost the whole EU, though a few countries (Austria,
Czech Republic, France, Germany, Italy, Poland, Spain and Sweden) host the majority of the driving
force companies and the small and medium companies.

Some of these companies are:

France: Naval Group, Safran, Dassault, Schneider

Italy: Fincantieri, Leonardo S.p.a., Beretta, lveco

Germany: ThyssenKrupp

Spain: Navantia, The CT Engineering Group, Santa Barbara Sistemas, SAES, UROVESA, Indra
Europe: Airbus, Eurofighter, Thales

= =4 -4 —a A
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7.1.1Conclusion®n the sector general overview and the FG meeting.
The focus group meeting discussed the sector in general and the countries which host the majority of

the driving force companies. The focus group agreed in general with the report, but also pointed out
the UK as an important country when it comes to hggtcompanies which are important for the
defence industry.

Another point made was that when it comes to the defence industry then it makes more senses to talk
about most relevant companies and not countries. The most relevant companies are often placed in a
lot of different countries, which make the country relexdor the defence industry.

Ranging the countries, then Germany and France are considered to be the most relevant countries
when talking about the defence industry due to hosting some of the most relevant companies.

7.2Key occupations for the Green transition
To move towards a more sustainable economy, it is necessary to create a properly skilled workforce.
The defence industry covers a lot of different work areas, which all have a crucial impact on our
educational systems and ttellaboration between HE, VET and industries.

Figure 1. Defence industry employees work across all the stages of the defence equipment life cycle

000

MANAGEMENT ENGINEERING MANUFACTURE MAINTENANCE DISPOSAL SUPPORT
projects, design, building, welding, repair, demilitarising, IT, legal HR,

programmes, development, assembling, overhaul, removing or sealing comms
people testing testing replocing, testing  hazardous materials

Source: EDSFEuUropean defence skills partnership
(https://www.eudsp.eu/event_images/Downloads/Defence%20Careers%20brochure) (E@BP European
defenceskills partnership, 2022)

9 Naval architects
When a product is being developed, is when a company must address the sustainability of processes
and when they should take into consideration the environmental impact of the product by
implementing sustainable designs.
If engineers are provided with the necessary green skills / knowledge to innovate when designing ships,
then they will be able to improve the sustainability of ships. Naval architects equipped with the right
knowledge and skills for sustainable developmeam improve energy efficiency. For example, creating
an efficient design modifying a fossil fussed power generation plant, using renewable energy
adapted to the military environment or using smart energy management systems. Also, they can
improve infastructures where energy consumption is concerned. All of the above will enable fuel
consumption and, therefore, emissions, to be reduced, protecting the environment and reducing
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greenhouse gas emissions.

1 Mechanical Engineers
With the correct green skills, mechanical engineers can plan and adapt processes to ensure that
resources are used in the best way possible according to the energy constraints. They can understand
the behaviour of pollutants, design new materials that workharmony with nature, modify energy
systems implementing energgaving components or using renewable generation. They can implement
systems that recycle materials such as metals and glass, whilst minimising the use of materials like
plastics.

1 Crew members
Products and services within the defence industry also will have to incorporate sustainability principles.

Also, they will have to seek new environmental applications for existing products. These changes
incorporated in products can imply that it is necassto train militaries in the use of this new products.

For example, thelecarbonisatiorof shipping, alongside digitalization, the increased use of automated
ship systems, the use of alternative fuels, etc., will affect people working in the maritire.sec

The transition from using conventional fuels and technologies to alternative fuels and technologies will
lead to a need for new and additional training for current and future crew. Also, the implementation of
alternative fuel technologies will introduce wetechnological and operational modes, as well as new
safety requirements. In additiomlecarbonisatiorand the uptake of alternative fuel technologies are
expected to bring fasmoving technological developments, including increased automation and
digitalization.

In the Blueprint project Assets+ they distributed technologies, skills, and job profiles in four capabilities
areas.

CAPABILITY AREA: Autonomous Systems

CAPABILITY AREA: Cybersecurity Systems

CAPABILITY AREA: Intelligent
Iformation Systems

CAPABILITY AREA: High Performance
Computing Systems

Cwep Lawrirg Vi

Source: AssetsiR4.5 Body of knowledghtfps://assetsplus.eu/wpcontent/uploads/2023/01/R4.8Bodyof-
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Knowledgethrid-iteration.pdf) (Assets+, December 2022)

The selected defence occupations from the Blueprint project Assets+ are:
Aerospace engineer, database designer, data scientist and security (software) architect

Three of the occupations are relevant for the defence sector in general, only Aerospace engineer is
unique for one area of the defence sector. The sps@gtor is a growing sector within the European
defence sector and therefore relevant as an occupation for this project.

7.2.1 Conclusioron the key occupations for the green transition and the FG meeting

When discussing the key occupations then the general understanding was that the occupations
suggested in the ASSETs+ project were to be considered as key occupations for the green transition in

the defence sector. The FG felt that we were missing out ate8ysimulation engineering as this

occupation has a great importance towards developing the new technics which is used in the defence

sector.

The FG pointed out that we also had to considdvanced manufacturings a key occupation when

GSQNE Gl f1Ay3 +to2dzi GKS RSFSyOS aSOG2NE lFa GKA& |

7.3 Skills for the Green transition in the key occupations

Due to the technological development the defence sector is requesting more and moreqwbitared

220a® ! 002 NRA i@ ddfiegice $eétdB needandfutagediabskills do ensure flexibility, and

a collaborative management to promote the synergic integration across different indestrigs! { { 9 ¢ ab X
November 2022)

laasSaab 02 yehigashéer and thngléd Yechinological development make multidisciplinary
fundamental to manage changes and the unsteady direction of innovation mechanisms, together with
the ability to collaborate will be key competences for emerging challenges. Maralssindicate the
increasing importance of the coexistence in a single profile of competences related to the domains of
Data Science and Project Management, converging towards the figure of thediileda project
manager, who usedata and information of various types and formats to plan and monitor processes,
support decision making, elaborate solutions for problems, and manage complex prDjefetisce
agencies face a growing challenge of effectively processing, exploiting, and disseminating data from
multiple, diverse sensors platforms. Workers need analytical skills and cognitive capabilities to manage
and process the data collected by the mfiation systems, analysing, and evaluating information for

the situational awareness(ASSETs+, 202R)is means that especially the STEM competences and the
ICT-skills are more in demand from both industries and educational programs.

Analysing the occupations mentioned in the Blueprint project Assets usiitgS86€ labelling to identify
the white, brown and green skills. According to the occupations and the sector then the brown skills
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are almost norexistent. The brown skills are mostly related to the sectors suppling the defence sector.
None of the skills and knowledges have been tagged as green by ESCO, but the following list indicates
with an those that are considered as relevant for the green transémhshould embed a sustainability
approach.

Eeceritel el sl Green skills Classifier e Green skills classifier
competences Green | Brown | White knowledge Green| Brown | White
Adjust engineering Aerospace
. e X : : e X
designs engineering
Approve engineering Aircraft
. e X . e X
design mechanics
Ensure aircraft . .
. . Engineering
compliance with e X 0 e X
: principles
regulation
Execute feasibility study X Engineering e X
processes
Perform scientific Industrial
e X . : e X
research engineering
Troubleshoot X Manufacturing e X
processes
Use technical drawing Production
X e X
software processes
Assess financial viability X Quality standards X
Technical
. X
drawings
Essential skills and Green skills Classifier Essential Green skills classifier
competences Green | Brown | White knowledge Green | Brown | White
Analysebusiness " ICT security X
requirements legislation
Business process
Apply ICT systems theo X modeliing X
Assess ICT knowledgeg X Database X
Database
Create data sets e X development X
tools
Create database Database
. X management X
diagrams
systems
Create software design e X Information X
structure
Define technical . OQuery languages «
requirements 'y languag
Resource
Design database schem X description X
framework query
language
Develop automated X Systems e X
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migration methods development life
cycle
Manage database X Systems theory X
Manage standards for « Web e «
data exchange programming
Migrate existing data X
Operate relational
database management X
system
Perform data analysis X
Use markup languages
Write database
) X
documentation
Essential skills and Green skills Classifier Essential Green skills classifier
competences Green | Brown | White knowledge Green| Brown | White
Apply for .research . Data mining «
funding
Apply research ethics
anq sC |ent|_f Ic integrity e X Data models e X
principles in research
activities
Build recommender Information
e X C X
systems categorisation
Collect ICT data X Informa-tlon X
extraction
Communicate with a . Online analytical X
non-scientific audience processing
Conduct research acros e . Query languages X
disciplines
Resource
Deliver visual description
. e X X
presentation of data framework query
language
Demonstrate Q|SC|pI|nary " Statistics e X
expertise
Visual
Design database schem X presentation e X
techniques
Develop data processin "
applications
Develop professional
network with
e X
researchers and
scientists
Disseminate results to
the scientific community X
Draft scientific or
academic papers and e X
technical documentation
Establish data processe X
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Evaluate research
activities

Execute analytical
mathematical
calculations

Handle data samples

Implement dataquality
processes

Increase the impact of
science on policy and
society

Integrate gender
dimension in research

Interact professionally in
research and
professional

environments

Interpret current data

Manage data collection
systems

Manage findable
accessible interoperable
and reusable data

Manage intellectual
property rights

Manage open
publications

Manage personal
professional
development

Manage research data

Mentor individuals

Normalise data

Operate opersource
software

Perform data cleansing

Perform project
management

Perform scientific
research

Promote open
innovation in research

Promote the
participation of citizens
in scientific and research
activities

Promote the transfer of
knowledge

Publish academic
research

Report analysis results
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Speak different «
languages
Synthesise information
Think abstractly X
Use data processing .
techniques
Use databases X
Write scientific
- X
publications
Essential skills and Green skills Classifier Essential Green skills classifier
competences Green | Brown | White knowledge | Green| Brown | White
Align software with X Business process X
system architectures modelling
Analyse business " Objectoriented « «
requirements modelling
Analyse software Systems .
e X development life X X
specifications
cycle
Build business Tools for sof_tware
. . X configuration X
relationships
management
Collect customer Unified modelling
L X X
feedback on applications language
Create flowchart «
diagram
Create software design X
Define software
. X
architecture
Define technical «
requirements
Design process e X
Oversealevelopment of
X
software
Provide cost benefit "
analysis reports
Provide technical
. X
documentation
Use an application "
specific interface

7.3.1Conclusioron the skills for the green transition in the key occupations and the FG meeting
The occupations chosen to present for the FG were Aerospace engineer and Data scientist.

In Aerospacengineeringhey pointed out that they did not think thahere was a compliance with
regulations as a part of green skiRest of the skills and knowledge mentioned they agreed on as
beingcomplainedwith green sHis.

As for the Data scientist the FG agreed with the result of this report.
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7.4 Skills supply for the Green transition

Review of the main trainings allowing to develop these occupations: at least in two of the most relevant

countries for the sector.

The Blueprint project ASSETs+ developed a roadmap that described the evolution of the technological
domains in the near future according to the maturity level of the technologies and the deference related

skills
. Data Lakes
Data collecting “———Seasoe ) Cyber physical syst { = J
St —
and utilization L FEdgecomputing . . Edge Al ( Blockchain ) Federated leaming
Artificial Intelligence |__ Adversarial machine learning |
( Machine learning ] Digital twin
- ( Reinforcement learning ] Frugal Artificial Intelligence
SRS Optimization (____Process Automation, AutoML )
Com put . ng [ Neural network ) Cognitive modelling
uti Fuzzy logic Cloud computing
Support vector machine I Fog computing I
High performance computing l Reasoning network I for “-'"’Iw hardware for the
1= 7 T Smuaton T 7 Sl
l Signal processing ] ' ——————————————————————
12~ Autonomoys vehide — T oot [ Soft robotics ]
Human Machine Interaction Robotics
Voice | _Natural language processing _ | | Image processing |
Voice recognition
and Compule:insion [__Image Semantic Segmentation | Technolgogies to deal with
vision [ r—— s ( Augmented reality ) restricted data
Communication GPS ( 56 ) |
Y A
Manufacturing Automation ) ( 3D printers ]
Structures and Materials |
Outdated Mature Established Emerging To be developed
PRESENT FUTURE

Figure 11 - Artificial Intelligence, Robotics, Autonomous Systems Technology and Applications Roadmap.

Source: (ASSETs+, 2020)

Just as important as the technical skills is the transversal skills. It is important for the employees within
the defence sector to work in different work environments, to communicate and collaborate with

others. Theli NI y & @S N& | €
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I NOSgddz8¥y ¥Pytha2ySRYyRal &

thinking, conflict management, problem solving, collaboration, and scierdifid ICT Literacy.
All skills which are needed in order to meet the need for addressing the demand of innovation,

sustainability and efficiency.

7.4.1Conclusioron the Skills supply for the Green transition and the FG

The FG discussed how the industry and the training providers could collaborate in order to ensure the

green transition. The general opinion was that thdustry should be more involveth the process of
both identifying the green skills and in the development of the educations.
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The FG pointed out that the industry experts should be directly involved in the development for the
education, as well as offer internships and cooperative education. This to ensure that the workers are
prepared to meet the needs of the industry.

This means that there need to be marellaboration between education and the industryalso when

it comes to collaborative research projects and involvement of industry professionals in the educations
e.g., guest lectures.

The FG discussed which training areas that needed the most improvements. Here the measuring and
assessing environmental impact were considered as most important to look into as we need to be aware
oftheconsequenceg ¥ 2 dzNJ A Yy Rdza (i NB $most Kripditahtarehsfar fonsiglétad tobhek S H
integration of sustainability across disciplines and adaptation of rapid technologies changes. This in
order to change the development and adapting the green skills and competences to the educations.

Toaccelerate the green transition, the FG considered the teachers, trainers and intermediated-middle
management needed to be educated in the green transition to improve their green skills and
competences before meeting the students and workers when edugatirgreen transition.

The FG considered the blended educations as the most relevant when talking about adapting the green
skills and competences. They argued that the involvement of the industry needed to be strong in order
for the workers to adapt the green skills and competes. That's why the lif®ong learning is also
considered to be important as the workers in the companies need to bdaigd on the development

within the green transition.

The FG argued that both technical training for the green transition and the awareness raised and the
motivation for the green transition is important when training both students and workers.

7.5 Defence sector results and conclusions

The defence industry covers a lot of different work areas, which all have a crucial impact on our
educational systems and the collaboration between WIET and industrieI.he special characteristic

of the defence sector is that the companies working for the defence sector also produce for the civil
sector. It contains some large multinational companies collaborating with a large range of small
companies all over the EU ishmakes the defence sector important to a lot of European countries, and

A G Q anfluentedl By a fot of educational systems. The defence industry is mostly led by a small number
of companies that have the capacity to design, develop and produce complete systems.

These companies exist alongside small and medium businesses that are specialized in the design and/or
production of various subsystems that are incorporated into the supply chain of the driving forces for
their subsequent integration.

The production of defence materigdpresents a great responsibility and i®gct to strict regulations.
Thismeans that the companies' products have to comply with military standards, which means that
there is a specialized train in the companies or at the VET or HE sector across Europe which has some
similarities Defence industry coversverything from land, sea and air capabilities to huge electronics
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and cybersecurity The Defence sector in Europe is a large and complex joint of industries that provide
a variety of products and services to the military and other government organizations. The Defence
sector in Europe employs thousands of people and generates billiagaf in revenue each year.

Companies who have the necessémow-how and expertise are able to develop and support the
equipment the armed forces need to cope with the threats they may face. Those companies usually
also do business with other sectors, mainly in security, space and aeronautics. All these seetars hav
role to play in sustainability since some of these companies contribute to the green transformation for
example, by monitoring the greenhouse gases emissions, by contributing to digital transformation, by
driving innovaion in technologies required for carbon free emissions, etc.

Defence industry employees work across all the stages of the defence equipment life cycle, but some
of the most relevant stages in relation to the green transition is suggested to be:

9 Naval architects

1 Mechanical engineers

1 Crew members
When engineers are provided with the necessary green skills / knowledge to innovate when designing
ships, then they will be able to improve the sustainability of ships. Naval architects equipped with the
right knowledge and skills for sustainable developiean improve energy efficiency. For example,
creating an efficient desigmodifying a fossil fudbased power generation plant, using renewable
energy adapted to the military environment or using smart energy management systems.

With the correct green skills, mechaniaaigineers can plan and adapt processesensure that
resources are used in the best way possible according to the energy constitliietse changes
incorporated in products can imply that it is necessary to train militaries in the use of this new products.

In the ASSETs+ project the suggestion for the most relevant occupaitbirsthe defence sector is:

1 Aerospace engineer
1 Database designer
M Database scientist
1 Software architect

All align with the Naval architect and/or the Mechanical engineer. All the Essential skills and
competences as well as Essential Knowledge are mostly to be considered as skills. Some of these are

also considered to be transformed to green skills. The rimpgortant skills in this transformation are

the transversal skillsc & Himentury skilg = a4 (GKSasS 200dzLJ ipdudngan I NB Ay
development of new technologies to the defence sector

7.5.1Conclusioron the FG meeting

The FG meeting was an online meeting with participation from 4 different countries. Both industry and

VET were present, in total 5 people participated in the meeting. This is to be considered as too small a

FG in order to make the validation of the repogsult. Afterward we did one interview with a company,

GKAd RARYQUO ONAYy3 lFye ySg AYyTF2NNIGA2Yy (2 GKS NBAd
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This FG result is missing the input from the HE, this is to be considered a weakness according to the
result of the F@Gneeting.
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8. TheEknergy sector

This section addresses the energy industry, in particular the production of electricity from renewable
sources (NACE CODE 35.12), mostly concentrated on solar energy.

Energy is undeniably among the paramount services that profoundly contribute to our overall well
being. Currently, energy production is produced from finite resources such as fossil fuels which release
greenhouse gases and have detrimental effects on dangi. There is an evident need for the
advancement of new energy supply technologies to facilitate the utilization ofdnighgy devices by
humanity[1].

Renewable energy sources harness energy from inexhaustible materials, ensuring a continuous and
sustainable supply. Their usage will significantly reduce carbon dioxide emissions and provide a wider
range of energy supply methods. One of the key technekivolves harnessing light energy from the

sun in a process known as the photovoltaic (PV) effect. PV systems are made of semiconductor materials
and the light energy of the sun to produce electricity. Recent technologies involve rigid materials that
canbe installed on rooftops and land lands while also flexible materials that can be used as fagade
materials for windows in houses. Moreover, solar thermal power plants harness the sun's energy
through an ingenious process involving the use of mirrors twentrate sunlight, generating intense

heat. This intense heat is then utilized to produce hpgéssure steam, which in turn drives turbines to
generate clean and renewable electricity.

As per findings released by the International Energy Agency[@EA)is projected that solar energy
production will achieve a significant milestone in the terawatt (TW) scale, notably around 4.8 TW, by
the year 2026. The EU strategy for solar energy has set an ambitious plan of achieving over 30 GW of
solar PV by 202R]. Solar thermal power production has also seen the installation of approximately
2.3 GW of concentrated solar power capacity since the year 2013 in EU countries. However, in contrast
with PV, most of the concentrated solar power projects have moved to countries outside the EU.
Nevertheless, the high energy supply of solar power systems underscores its pivotal role as a key driver
in the realm of renewable energy supply. The enhanceroétite performance and the lifetime of solar
energy systems would be crucial in achieving the EU goals. Some key technologies, devices and
innovations will include:

Solar system design and installation

As solar systems will be in great demand towards the future and the EU stresses the importance of
dzaAy3a (KS adzyQa LR6SN G2 LINRPRdIzZOS NBySéloftS SySNBE
require designing and installation to increase the renewalslergy supply. Modelling should also be

considered to enable the user to estimate and optimize the power supply by the solar systems according

to the meteorological conditions mentioned. The estimation of the energy supply and demand of each
household woulde crucial in determining the size of the solar power plant required for the house.
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Autonomous failure detection devices and digitalization of the system

A downside of PV systems is the various faults that can be encountered due to exposure of the systems
to different environmental, electrical and structural circumstances. These issues lead to a significant
decrease in the PV performangé]. Using data from electrical and meteorological sensors with
different algorithms could help in the detection of faults such as shibcuit, and opercircuit faults
occurring and notify the operator as fast as possible. This would decrease the logsundue to the

faults caused to the system. Furthermore, using image processing algorithms could also help identify
issues not detected by daidriven processes such as cracks, hotspots, defective bypass diodes and
modulewiring [5].

Onlinebased algorithms have already been developed to detect faults in photovoltaic systems, as
demonstrated ir{6]. This aligns seamlessly with the EU's overarching vision to revolutionize the energy
grid into a stateof-the-art digital infrastructure.The digitalization of the system would allow a more
automated approach to fault detection where all the electrical, meteorological and imaging data would
be collected for analysis. The detection of issues encountered by the systems would be pivotal in
sushining solar energy production over the years.

Use of energy storage devices

The energy supply of PV systems can vary greatly throughout the day, as the PV power output is mainly
dependent on solar irradiance and temperature. The use of energy storage devices would prevent grid
outages in times of extreme energy supply from thedystems and allow usage of excess energy in
hours when the electricity demand is higher than the electricity supply. The types of energy storage
devices include electrochemical systems (e.g., battery and fuel cells), mechanical systems (e.g.,
flywheel) andhermal systems (e.g., molten salt and heat punigg)A study of the renewable energy
demand and supply of each application would help determine the most suitable energy storage
technology.

Research into new materials

Crystallised Silicon-8i) solar panels have been dominating the market of solar panels. Some of the key
characterisations of silicon that affect panel efficiency include the silicon type, busbar configuration,
junction and passivation type (PERC).

Pagel12of 209



<REEN 9

the Greener European VET Network

GREENI1

CLEAN

J-aee Solar Cell Types and Panel Efficiency  w

Poly PERC Mono PERC Half-cut Mono PERC Shingled Mono PERC
16-17% 17-19% 18 - 20% 19-21.5%

Mono PERC MBB N-Type TOPcon N-Type HIT N-Type Back Contact
20-21.8% 21-22.5% 21-23% 21-24%

www.cleanenergyreviews.info

Figurel: Figure showing all the silicon panel types and their related efficiencies (takefBljom

For example, panels built using Baxntact (IBC) cells are one of the most efficient silicon cells (23.8
%) because of the exceptionaltipe purity and zero no shading issues from busbars. Another type
includes the Niype TOPcon (23.8 %) and complexenefunction cells (22.8 %) that have achieved
efficiencies also close to the 23 [8. All the types and their related efficiencies of silicon cells are
depicted in Figure 1.

However, even the most efficient crystalline Silicon panels (2§9])%ave a relatively low efficiency

and has driven researchers to investigate new combinations of materials involving perovskites. The
combination of tandem cells where silicon and perovskite are utilized with a current record of around
36 % involves one dhe best options for higlefficiency reproducible solar pane]$0]. Another
material utilized for solar panel production is singlaction Gallium Arsenide (GaAs) which has
achievedan efficiency lower than tandem cells but higher than crystalline silicon (30.8 %). The highest
efficiency of all materials is achieved using mjultiction cells that reach a value of 50[208]. On the

other hand, multijunction materials have a very complex process and are very expensive to produce.

Due to the low efficiency or reproducibility of current solar cells, it becomes imperative to explore novel
materials capable of attaining significantly higher efficiencies with reduced manufacturing time.
Furthermore, it is crucial to tackling the chalgge of recycling these materials, as towards the end of
their lifetime, materials would be useless for other applications and thrown into waste.

Smart grid integration
To enable the successful installation of solar systems for energy supply, the configuration of the grid
should enable the usage of smart devices to match the energy supply and demand of the area during
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the day using smart devices. Monitoring the energy demand of each system would be essential in
minimizing the extra energy needed from noenewable sources, especially in times of peak demand.

Developing these technologies through innovation is one of the key tools in achieving the EU goals for
sustainable energy production. The growing demand for solar systems and the enhancement of their
efficiency presents a significant opportunity to acleevcarbomeutral society.

Feedback from 4 experts (see Anigkfor participants) in the energy sector was gained through short
discussions and a voting in Mentimeter. The results for the description of the energy sector are shown
in the Annex8.2.

234 f K2dAK Fff n LINIHAOALI yGa FINBS gAGK GKS Sy SN
and smart grid technologies are chosen as the most likely to be removed. For technologies to be added
to the energy sector, there is a suggestion to inclutdere data on solar thermal systems, since the
energy transition will not be accomplished without addressing thermal requirements. Furthermore,
more information on smart technologies such smmart energy management systenmsnd smart
electrified mobility should be included Taking all thesenputs into consideration, research into new
materials should be excluded from the main technologies, and an attention towards thermal systems
including solar thermal systems and heating devices for households and PV systems should be added.
Additionally,smart electrified mobility that includes electric cars and buses should not be added since

it would be mainly included in the Automotive Focus Sector.

8.1 Sector general overview

Producing energy from renewable sources is one of the key transitions that would enable our transition

to a green economy. Energy is needed for fulfilling the basic needs of modern society including
transportation, heating and cooling and producing elaityi As we can see from Figgit is evident

that more work is essential to meet the EU target of 2030 for renewable energy, as most countries
produce more than 50% of their energy from A@mewable sources. Wind and hydro produce the

greatest share brenewable energy supply (37.5% for wind and 32.1% for hpidk). Furthermore,

solar energy systems have been on the rise in the last decade being one of the-fmeteisig energy
supplies[11]® { 2f I NJ L2 6 SND& AYONBIF aA4SR LINRPRdAzOGAGAGE | YR
20102020) have made solar energy systems one of the most attractive energy supply technologies for

the whole EUS3].
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Figure5: Figure showing the share of energy from renewable sources for each EU country in 2021. Taken from the European
Commissionvebsite[12].

Figure3 shows the top EU countries in solar power production in 2022 and their corresponding increase

from 2021. As reported by Bethany Mebé§l8] solar power has shown an incredible 47% growth
compared to the 2021 production.
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Figure6: Figure depicting the solar power production in GW of the top countries in the EU. The corresponding values are
shown in both 2021 and 2022. Taken frfid].
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Germany and Spain are the EU leaders in solar power production, reaching values very close to 8 GW.
Due to the high amount of daylight, Spain has taken advantage of solar power and has demonstrated
the potential of efficient solar systems. Despite recajvan decreased amount of sunlight per year
(relatively), the Netherlands ranks 4th. The Netherlands has introduced floating solar installations on
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artificial lakes, covering approximately 20% of the country's area with solar panels and generating a
high electricity outpuf15]. Therefore, their innovations and key technologies could position them as
significant contributors to meeting the ambitious solar power goals of the EU.

Figure3 does not consider the population of each country and the solar power production is higher in

countries with increased population and land. Therefore, the solar power per capita is depicted in Figure
4 to account for those discrepancies.

Top 10 EU countries solar capacity per capita 2022

Netherlands Germany Denmark
1,044 (815 816 ( ) 675 (4
Watt/capita Watt/capita Watt/capita
Belgium Luxembourg Estonia Spain Greece Maita Portugal
- s
663 ) 629 (43 596 (40 565 (A 541 536 (467) 416
Watt/capita Watt/capita Watt/capita Watt/capita Watt/capita Watt/capita Watt/capita

Figure7: The top 10 countries with the estimated solar capacity per capita for the year 2022. Picture tak§b6from

The Netherlands and Germany have been clear frontrunners in this category. Additionally, Denmark has
unleased the potential of solar energy, despite having a low solar energy potential. Denmark produces
above average share of its energy from renewable sesir making it a key country in enabling the
green transition in the EU over the next years. Despite its relatively low solar power production per
capita, Spain is still regarded as a significant player in the field, primarily because of its substantial so
energy production and the significant photovoltaic power potential, particularly in the southern regions
(refer to Figureb). Another country that must be taken into consideration is Cyprus. Cyprus has the
highest solar power potential of any country, averaging about 3300 hours of sun peflygaAs
depicted in Figures, Cyprus has one of the highest potentials for PV power production and the
fulfilment of this potential would decrease significantly the carbon emissions. Furthermore, several EU
projects such as PANTERA (CSA, ID: 824389) BERLIN (ENI CBC Med, ID: A_B.4.3_0034), TRUSTPV (IA, ID:
952957), AID4PV (RIF, P2P/SOLAR/1019/0012) and ERIGrid Il (RIA, IDfXBICJ@R)Jor innovation

and research undertaken in Cyprus, therefore in the next years, it is expected that solar energy
production will rise exponentially with the implementation of the knowledge gathered from this
projects.
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Figure8: PV solar power potential of the EU countries. Picture taken [2ain

The key countries for the energy transition were selected due to 2 parameters which were:
1 Highest solar power production, and
1 Hours ofsunlight per calendar Year.

Therefore, taking the parameters and the data found into consideration the top 5 countries that should
be selected for the energy transition are:

Germany,
Spain,
Denmark,
Netherlands,
Cyprus.

= =4 =4 A4 -

The innovation of solar power in all EU countries and their contribution to renewable energy production
will be crucial in achieving carbon neutrality by 2050.

91011The feedback of the energy experts concerning the country selection is depicted in Biguées
8.2.6 (see Annex 8.2There is one disagreement with the selection of countries, howaleexperts
agree that the selected countries are important. The addition of countries for the green transition in
the energy sector include thelediterranean countries(Greece and Italy) which likeyprus have a

high potentialfor producing solar energy. Additionalfrancethat is included in the top 10 countries

for solar power production in years 2021 and 2022 (see Figushould also be considered according

to experts.Latviawas surprisingly included in the selection of key countries since it did not appear in
the top 10 Eu countries of both solar power production and solar power per capita. Although the
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country has fallen behind in solar energy production compared to EU countries, a renewable energy
company (Green Genius) is set to invest a lot of money to build a 100 MW in [R&}viaignificantly
increasing the energy production. Therefore, the selection of countries should expand to include more
than 5 countries and especialifediterranean countries and Latvia that will have huge investments in
the following years should be included in the key countries.

8.2 Key occupations for the Green Transition

To facilitate the green transition, several occupations will experience a surge in demand, and numerous
job opportunities will emerge in connection with sustainability initiatives. As mentioned previously, the
digital transformation of energy would be amportant tool in achieving a sustainable and efficient
system. Resources should be allocated towards energy efficiency, data processing, maintenance of
equipment, distribution and transmission systems to enable digitalization of the grid. The EDDIE project
[23] outlines the importance of the blending of digital and green skills to enable an efficient transition

to a green future. Given the ambitious EU goals set for solar power and the exponential rise of solar
power production over the last year, the followingaupations were considered the most important

for the Green Transition:

Energy systems engineer

The role of an energy systems engineer would be to perform an analysis of the building needs and
enable smart grid integration of renewable energy sources. The knowledge of the energy systems
engineer would prove crucial in modelling the solar panels wdl® having adequate theoretical
knowledge to identify potential faults. Additionally, as mentioned previously, energy storage systems
and grid integration would be paramount in the matching of energy demand and supply at different
times of the day. Forrgl-connected PV systems, energy systems engineers should design systems that
can safely and seamlessly interact with the utility grid. This involves synchronizing the system's AC
output with the grid's voltage and frequency and implementing protection mecsms during grid
outages. They could also be involved in designing heating and cooling systems, performing scientific
research to consult users and designing passive energy measures according to the Electrical Power
Safety Regulations. In the future,emy systems engineers should be able to work with data to enable
efficient use of the grid to maximize its performance.

Solar Energy Technician
Solar Power Installations have never been higher in history. According to SolarPower [Bdtopés
anticipated a global installation of solar power ranging from 341 GW to 402 GW in 2023. The trend of
increased adoption of rooftop solar systems is also projected to persist, with an additional 159 GW
expected to be set up during the same year.sTimeans that experts in installing and maintaining
photovoltaic systems would be in great demand for the operation of all these systems. Solar Energy. As
the number of systems increases, the faults increase, therefore more technicians would be needed to
fix the faults encountered as soon as possible to ensure maximum performance. Technicians would be
more involved with the handen tasks of ensuring the safetyegformance and integration of solar
systems in the grid. Their input and expertise would be important in designing solar energy systems
with reduced probabilities of faults occurring. An additional skill should be the technician's skill to
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acknowledge errors from the digital data acquired and be able to have specialised expertise in solar
systems.

Research Engineer

As photovoltaic solar cell efficiency remains at a relatively low value (the efficiency for tandem cells in
research has reached values greater than 223§, innovation and research into new materials that

with higher efficiency while being also recyclable would allow reduced waste materials and increased
energy production. Additionally, improving existing solar systems, analysing processes and conducting
experiments could prove beneficial in maximizing the potential of solar energy. Additionally, work o
new energy storage systems such as hydrogen could be essential in storing energy at low cost and
enabling its usage at a later stage when the energy supply would be less than the energy demand. As
machine learning and digitization will be key issuedhefftiture, research engineers should be able to
have programming skills and perform data analytic procedures with great accuracy and speed.

ICT Security Engineers

Cybersecurity plays a pivotal role in establishing a sustainable distribution system. With the growing
volume of data processed and accessed digitally by multiple users, it becomes increasingly crucial to
bolster security measures. These safeguards arentiss to foster trust between producers and
consumers as we progress into the future. Skills such as an ICT security technician and ICT networking
hardware would be essential in building a secure network from potential hacking attacks. ICT security
engineers act as the guardians of information within a company or product, holding the responsibility

for safeguarding the associated systems. Their role entails overseeing the security aspects of networks
and systems, as well as devising, strategizing, andeimgiting security architecture, which
encompasses reference models, and solution architectures, as well as security policies and protocols.

Although all 4 experts agreed on the key occupations, the research engineer should be removed from
the key occupations that would enable the green transition. 3 of the experts prefer to aderdject
engineeroccupation instead of the ResearEmgineer, whiclwill be the 4" main occupation for the

green transition.

1213148.3 Skills for the Green transition in the key occupations

After identifying the key occupations that would drive the Green Transition in the Energy sector, it is
important to consider which skills would be important for each occupation. A list of skills and knowledge
is split into the essential and optional. Theeen skills as identified by the ESCO database are given a
Greencolour for distinction. Thenain layers of the skills required for the green transitionlude
communication, creativity, information and working with computers skill&\dditionally, handsn
occupations such as technicians in the field should also work with machinery and specialized
equipment, either connected to the software or the hardware part. Using the ESCO database, the
following skills and knowledge categories were identified fotheaxcupation:

Tablel: Essential and optional skills and knowledges of the key occupations for thetrgnesgtion
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Energy Systems
Engineer

Solar Energy
Technician

T
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= =4

Promote sustainable
energy,

Environmental
engineering,
Renewable energy
technologies,

Energy performance of
buildings,

Solar energy,

Smart gridsystems,
Perform energy
simulations,

Determine appropriate
heating and cooling
system,

Adapt energy distribution
schedules,

Carry out energy
management of facilities,
Identify energy needs,
Promote innovative
infrastructure,

Design electric power
systems,

Adjust engineering
designs,

Approve engineering
design,

Inspect building systems,
Manage engineering
project,

Troubleshoot,

Use technical drawing
software,

Electrical power safety
regulations,

Perform risk analysis,
Perform scientific
research.

Install concentrated solar
power systems,

Install electrical and
electronic equipment,
Install photovoltaic
systems,

Mount photovoltaic

=A =4 =8 =9

= =4 =4 =8 =9
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Design passive energy measures,
Use data processing techniques,
Analyse big data,

Work with computers.

Determine the suitability of materials,
Install automation components,
Maintain solar energy systems,
Analyse big data,

Work with computers.
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panels work
ergonomically,

Solar energy,

Types of photovoltaic
panels,

Provide information on
solar panels,

Follow health and safety
procedures in
construction,

Use measurement
instruments,

Check compatibility of
materials,

Comply with legal
regulations,

Follow safety procedures
when working at heights,
Inspect construction
supplies,

Inspect electrical supplies
Install circuit breakers,
Interpret 2D plans,
Interpret 3D plans,

Test procedures in
electricity transmission.

Execute feasibility study, q
Collect samples for i
analysis, i
Gather experimental data Ll
Use technicadlrawing q
software, q
Engineering processes,

Define technical Ll
requirements, q
Interpret technical
requirements,

Manage engineering

project,

Scientific research
methodology,

Perform scientific

research.

Ensure information 1
security, i
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Use data processing techniques,
Usenon-destructive testing equipment,
Analyse big data,

Run laboratory simulations,

Assist scientific research,

Apply safety procedures in the
laboratory,

Materials science,

Physics.

Optimise choice of ICT solution,
Implement antivirus software,
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Manage I'Becurity
compliances,

Monitor system
performance,

Perform data analysis,
Perform risk analysis,
Report test findings,
Troubleshoot,

Verify formal ICT
specifications,

ICT security legislation,
ICT security standards,
Attack vectors,
Business analysis,
Cyberattack
countermeasures,
Information architecture,
Information security
strategy,

Unstructured data,
Manage digital identity,
Keep up with the latest
information systems
solutions,

Keep task records,
Analyse ICT system,
Define data quality
criteria,

Define technical
requirements,

Define security policies,
Operating systems,
Organisational resilience,
Risk management,
Develop information
security strategy,
Educate on data
confidentiality,

Identify ICT security risks,

Identify ICT system
weaknesses,
Implement ICT risk
management,

Manage disaster recovery

plans,
Execute ICT audits,
Execute software tests,

=8 =4 =4 =8 =4 -4 -8 -4 9
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Implement a firewall,

Implement a virtual private network,
Implement spam protection,
Safeguard online privacy and identity,
Internet of Things,

Cloud Technologies,

Cloud monitoring and reporting,

ICT encryption,

Web application security threats.
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1 Provide ICT consulting
advice,

Cyber security,
Emergent technologies.

=a =

For the Energy systems engineer, a lot of suggestions for additional skills to be added were made. This
includedpower electronics, big data analysis, energy market analysis, energy storage, automotive

and hydrogen technologie® ¢ KA a Aa Ay fAYS gAGK (GKS ada3asSaidizy
where most attention should be paid toward electrifying transportation and include power electronics

to enable a better integration of smart technologies into the grid. For ther glargy technician, the

expats seem to agree with the skills and knowledges proposed, but would inchadket analysis,

legal, data qualityandanalysis skillsn the list. This would enable the solar energy technicians to be in

line with the current market demands and regulations, installing solar systems up to current EU
standards. For the other 2 occupations, energy experts agreed and did not propose amskithew

knowledge to be added.

15161718192021228.4 Skills supply for the Green transition

Training should update and cover the most important skills discussed in the previous section. As
previously identified, working with data, specialized equipment knowledge as well and strong
communication would be crucial in ensuring the green transitiadme $taff were divided into 3
categories:

1 managers/administration

1 engineers/researchers

1 technicians/specialists

Further information about the occupations that fall into each category can be found into Annex 1 of the

EDDIE projeg23l.wS 3+ NRAYy 3 | 3ASYSNIf 20SNBASg 2F GKS Sy3ary:
gl a F2dzyR GKIFIG GKSNB Aa I+ adNBy3 RSYIFYR FT2NJ a! O«
agreeing with the aforementioned significant skills for the energgditzon. For technicians, it is highly
RSYlIyRSR GKIG GKS& KI @S GKS a! RYAYAAUN) Gfd2y 2F K
operation of hardware devices and allowing a safer transition to the digitalized energy grid.
Cybersecurity has depicted a strong demand by companies, as data protection would be essential in a
digitalized system. Regardingansversal skillswhich include problem-solving, communication,

planning and organizationit was found that managers and engineers should have higher skills

O2YLI NBR (2 (GSOKYyAOAlyad {1 Affa adzOK & da[ SI RSNEK
for managers, whereas f@y 3IAYSSNAE a9l asS 2F [SIENYyAy3IE YR 4GLYY:?
GKS Y2ai ONMzOALFf FoAfAGASAE G2 KIFI@Se® C2NJ it OFGS3
be included in all learning institutions. The results of the demand and pw@bphe skills for each job

category are summarized in Figure8.6
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Managers/Administration - Skill sets demand vs offer

Data Capture and Management -
Intermediate

100%

Programming, Development and
Technology related - Basic

100%

Analytical methods - Basic

100%
Computing tools and platforms -
Basic

e=wDemand emems Offer

Figure23: The skill demand and supply (offer) of different skill set categories for Managers/Adminisfzajon

Engineers/Researchers- Skill sets demand vs offer

Data Capture and Management -
Expert

: 65%
Programming, Development and 65%

Technology related - 8% Analytical methods - Expert
Intermediate

24%

49%

Computing tools and platforms -
Expert

o==Demand ==e==Offer

Figure24: The skill demand and supply (offer) of different skill set categories for Engineers/ResdaBihers

Technicials/Specialists- Skill sets demand vs offer

Data Capture and Management -
Expert

47%
80%

Programming, Development and Analytical methods -

402 7%

Technology related - Expert ; 73% Intermediate

Computing tools and platforms -
Expert

o==Demand ==s==Offer

Figure25: Theskill demand and supply (offer) of different skill set categories for Technicians/Spel@a]ists
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An important conclusion of the interviews conducted as part of the EDDIE Project is the high value given
to resilience and adaptability in the curricula of both education and training providers. In addition,

educational programs should be repurposed togyeNB f F G SR YIF a0 SND&a LINRPINF Yax
SySNEHe OKIfftSyasSa gAtf 06S RAAOdzAASRO® -basedor OKI y3IS

challengebased learning that works on economic, business and social issues should be one of the key
strategies ofthe future. There is also a recommendation to create more specialist programs (80/20

6KSY O2YLI NBR (2 3ISySNROU (G2 SylrofS GKS LINRPINIY

Some of the main topics that should be discussed in the program sheutthdrgy efficiency, smart

grid and renewable energy systems. Furthermore, energy economics should also play a pivotal role in
enabling students to identify market needs and understand the regulatory costs. Postdoctoral programs
should be mainly focused ogenerating new knowledge and providing innovative solutions to the
unsustainable society we are currently living in. They should mainly focus on renewables while also
including longterm implementations in the Smart Grids section.

The findings of the EDDIE proj§28] show a great review of the training programs available in 2 of the
key countries discussed before (Germany and Spain). Regarding Germany, it has conveyed the lowest

l.fl

SELISNIAAS RSYIYyRad ¢KS KAIKSal RSYIYR AgctoDSNXYI yeé

which includes skills to evaluate and manage data, information and digital content. It was also
considered as one of the highest skill demands in all 5 countries examined by the project. Germany has
shown a greaaissessment of its learning sector, having a high ranking between Level 6 and Level 8 in
the European Qualifications Framework (EQF) (ranges from 1 to 8 with 8 being the highest level). Many
programs exist already in both Bachelor and Master levels thegrca wide range of topics such as
energy engineering, the Internet of Things (10T), renewable energy, and smart energy. All courses have
laboratories and projects that would be important in the understanding of the material from the
student. A focus on ditalization includes courses on machine learning, data analytics, intelligent
energy systems and cybersecurity. DUAL vocational education and training systems are noticed in
German education systems, where students choose a practical or vocational pathdapt the
OdzNNA Odzf I G2 UGUKS AYRAQGARIA f Qa 202S0GA@0Sad ¢KS
assembling connections and distribution boards, and carrying out maintenance.

Spain, on the other hand, has depicted the greatest demand for skills compared to the countries studied
in EDDIE. One of the highest demands was regarding the programming and technology skills of the
individual. At the Bachelor level, specialized coursesemergy engineering with less focus on
automation are seen in Spain, providing students with mathematical and methodological knowledge
with corresponding programming laboratories. On the master level, some courses focus on smart grids,
thermal energy, andenewable energy. It should be noted that the prestige of the program plays a big
role in hiring a candidate for companies which is mainly dependent on the quality and ranking of the
university. A great coverage of digitalization techniques, like Gernmngticed in Spanish universities.
In Spain, DUAL programs are also noticed which focus on getting the theoretical knowledge first and
applying the knowledge to company programs in the following years. Moreover, attending daily classes
both in person ananline helps professionals gain the knowledge required for learners. Skills that are
seen in Spanish programs include assembling and maintaining telecommunication hardware in
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buildings, electrical installations, and automated systems, following standards and regulations, and
ensuring the operation of electrical systems while having respect for the environment.

The concept of nano degrees is explored by some departments. Nanodegrees compose a specialization
towards technologies such as machine learning, data science and blockchain in about 6 months. Online
courses have also been a point of interest for educatiamstitutions after the COVHD9 pandemic. 15
courses tackled the issues of smart grids, smart energy systems and cybersecurity. They are mostly
highly focused and oriented towards individuals with higher level education, except 2 which had a level

of4of GKS 9vC a0lfSo {2YS aiAtfa (KIG akKz2dZ R 06S Y
odzaAySaa fFyRaOlFILISae¢sr awS3dAFdAz2y FyR LRfAOe I
BAIAGIEATFGAZ2YE D | RRAGAZY ! f d&covarSdbmeidh thedcurticlldR | RY Ay
of the different universities and organizations due to the path towards digitalization of the grid that

g2dZ R 0SS F2fft26SR Ay (GKS ySEG @SIFINa® {{Aff 3l LA
Information and Digi € / 2y Sy (¢ FyR Ay NBflIGAGSte |ff GKS |
Fyrfearagegdsr a! LIX AOFGAR2Y 2F adGliArAadAolrt YSGK2R&A£0C

of high-performance computing resources and highly available systeibsta access, analysis, and
visualization," and "Data access, analysis, and visualization on cloud infrastructures" exhibit limited
AyOtdzaazy YR NBLINBaSyl aiAaftt RSTAOASYOASa Y2y
al yII 3SYSy ¢ A afulftlgtSkillge in allkc@untrié® exdept Germany. The least offered
methods are summarized in the following table which is taken from the EDDIE report. In addition, you
can see in Figure 9 the discrepancy between the demand and supply for each codiegpgechnology
dSO0G2NY ¢KS Y2ad &AAIYyAFAOFLYG 3II LA FNB SELINBaa
G/ f2dzR { SNBDAOSa¢ d
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Table2: Table showing the least offered skills from Educational Providers. The table is taken from the EDDIE project report
[23].

Analytical Methods Application of data mining approaches
Perform big data analysis
Accessing, analysis and visualization of data
Managing security and privacy issues on dic
Computing tools anglatforms platforms

Administration of hardware infrastructure (we
servers, workstations, etc.)
Development of web applications
Query data from the database
Programming development antechnology  System Design competence
related Blockchain skills
Understanding of cybersecurity
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Technologies Demand vs Offer

Artificial Intelligence

Communication technologies

(e.g. 5G) Blockchain
-5 20

66%

88% A : :
Energy management systef%s Gl P Big Data/Data Analytics

Digital asset management . 4 F 58% Cybersecurity

Virtual product development

3 73%igital Platforms
and testing

0,
Cloud sel\/icgsl/o Internet of Things(loT)

emgus Offer ==e==Demand

Figure26: Figure showing the difference between technology demand and what the institutions offer. The graph is taken
from the EDDIE project repd2a3].

Concerning the skills supply, energy experts provided valuable input into the teaching methods and the
lack of skills of the labour market including students. . Areas that need more improvement included the
awareness of current environmental issues, communication skills and integration of sustainability
across disciplines. Therefore, more work should beeddibwards making individuals aware of the
current environmental issues and integrating the green technologies into the industry while also
working towards better communication within and outside of organizations. Adaptation of rapid
technological changesnd promotion of innovation is also another topic that experts wanted training
institutions to give more attention.

2728The topics that should be discussed more according to energy experts imehegable energy
systems, energy storage systerandAl technologiesAl systems seem to be covered in most curricula,
according to the results of the EDDIE project, howenegrewable energy systemandenergy storage
systemswere topics that needed further discussion in training programs. These results also agree with
the results of the previous question (Fig@.2.18). As for the aspects that students lack, experts saw a
lack d transversal skills and practical skills. More attention should be paid to providing students with
more practical experience and communication skills that would enable better teamwork and results.
For the better collaboration of industry and academia, internships and active participation of
companies in the educational curricuke effective methods to enable a better preparation of workers
and students for the green transition. Additionally, experts depicted tt@taborative research
projects between academia and industry could be one of the most effective methods to increase
collaboration between academia and industry. Visits and guest lectures were also voted but were less
effective collaboration methods according to the voting results. The traifungat that was most

voted for by energy sector participants includiglong learning and on the job trainingo allow a

faster incorporation of students into the workplace. Blended apprenticeships were also selected as a
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2930318.5 Energy sector results and conclusions

Energy would be one of the fundamental sectors in ensuring the green transition and reducing

KdzYtr yaAteQa OFNb2y F220LINAyiod® 9! KIFa | 1Sé& 202S00A
transition to renewable energy technologiesuch as wind, water and solar are the main tools for this

green transition. Almost all countries of the EU produce more than half of their energy from non
renewable sources, therefore innovation and awareness are important to reduce the detrimental

effects of greenhouseases.

While wind and hydro are regarded as the most fruitful energy sources, solar has gained attention in

GKS F2tt26Ay3 &SI N &aK26Ay3d |y SELRYSYGAL NA a s
reduction in cost, flexibility and clean production woudtbve crucial in the following years. After
consultation with energy experts, heating and cooling should play a significant partin the energy sector,
helping produce better solar thermal systems and increase their productivity. Solar energy produces
eledricity through light energy (photovoltaic effect) and thermal energy (concentrated thermal

energy). Considering the amount of sunlight each country experiences and the amount of solar energy

it produces annually, the key EU countries for solar energy e@msidered:

Germany,
Spain,
Netherlands,
Denmark,
Cyprus.

= =4 -8 -8 -9

Energy experts pointed out that more countries should be considered inclidedjterranean
countries (Italy, Greece) antlatviawhere major investments are expected in the near future. Each
EU country should play their role in this sustainable transition to green energy. Europe has set a goal
of digitalizing the energygrid to enable a more sustainable and efficient energy network. The
installation and maintenance of solar systems are expected to increase in the following years.
Furthermore, security procedures should be followed to enable the protection of data pratbgse

the grid. The key occupations for the solar energy sector were:

1 Energy systems engine¢o consult and aid individuals in the solar energy systems according
to the standards and regulations of the EU,

1 Solar energy techniciafor maintaining, installing, and allowing safe operation of solar energy
systems,

1 Research enginedo increase innovation and the understanding of renewable energy sources
and smart grid technologies,

1 ICT security engineeto enable better security of the grid and administration of hardware
devices.
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After review from the energy experts, research engineer was considered as a secondary occupation
and a more managerial role like the one ofpeoject engineershould be included in the key
occupations. Using the ESCO database, the skills for each occupation were extracted and categorized
into green skills. Future skills for the occupations to be ready for the digitalization of the system were
also included. Carerning the skills for each occupation, theanagerial skills, marketing, power
electronicsandenergy storage systemshould be included in the Energy systems engineer, whereas
for the solar energy technician it is very important to kndata quality and processing skillsAfter
identifying the skills and occupations necessary for the green transition in the Energy sector, an
overlook of the skills supplied by different educational institutions in academia and VET was conducted
for Germany and Spain. Germany was found dgenhthe least skill deficiencies, while Spain had the
largest skill deficiencie®oth educational and VET programs provide a good theoretical background
of both green and digital skills required for a carbwutral future. This is done through both-in
person and online courses while also a variety of practical exercises is pravitedearner through
assignments and projects. However, skills that should be more covered by institutions include
G/ KFry3aay3a odzaAySaa €FyRaoOlLISaés awS3dzZ FdAzy
GKNRAZAK 5A3FAG1 AT ltyadd adhinidiratiorRdRuesishodilgdiso He adbBresied @ateNA
in the curricula of the different universities and organizations due to the path towards digitalization of
the grid that would be followed in the next years. The summary of skill gaps and a sahefrtae

supply and demand of each skill and different technology sectors can be found in Fi§uxed G able

2. Energy experts have identifigchnsversaland practical skills as the main skill gapd current
graduates. To facilitate thibetter cooperation between academia and industry is needdllat can
happen more effectively through collaborative research projects, internships as part of the curriculum,
active participation of industries in educational material and joint meetings between the 2 types of
institutions. The topics of renewable ey systems, energy storage systems and Al should be
discussed further, while also better awareness of the current environmental issues and integration of
sustainability across disciplines should be includeéducational curricula. Finally, energy experts
supportlife-long learningand on-job training as methods of better incorporation of students into
industry. Addressing the skill gaps will be crucial for a sustainable and digital transition in the coming
years, aimed at mitigating the adverse human impacts on the planet.
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9. The maritime technologies sector

This section addresses maritime industry, in particst@pbuilding (NACE CODE 30.ahy offshore
renewable energy (NACE CODE 35.4jich are strongly linked and require of new capacities built to
succeed in an increasingly digital, green and knowledge driven economy.

/| dZNNByGte | NRBdzyR (KS dpm>r 2F GKS g2NI RQa (GNIX RS Aa
Although ships are pollutant, theepresentthe most efficient transport in terms of carbon emissions

per transported ton. Despite of this fact, the size of the ship themselves and of global fleets as a whole,

make vessels and maritime transport one of the sectors upon which we have to act in@meddrieve

a greener future. A major part of the solution will be increasing ship efficiency through the new

maritime technologies. These maritime technologies include:

9 The use of alternative fuels
The use of alternative marine fuels such as liquefied natural gas (LNG), biofuels, hydrogen, and
ammoniaarel Y AYLR2 NIy G &adNr G§S3eé G2 NBRdAzOS GKS OFNb2y
on fossil fuels.

1 On shore power supply
While in port, ships keep their auxiliary engines running to have the power needed to operate their
systems. Auxiliary engines usually consume diesel or heavy oil, and generates both, exhaust gases and
noise. Shore power is a key factor in green shipgannecting the ships to eshore power supply at
berth reduces significantly the emissions of air pollutants from auxiliary engines.

91 Ship Design and shiquilding
Improved design and operation can help to reduce greenhouse emissions from Bagbsiological
solutionsthat improve energy efficiency, both in machinery (such as propulsion systems) and on board
vessels (including lighting and other appliances), are being explored.
The International Maritime Organization IMO introduced two mandatory energy efficiency standards
for ships: an energy efficiency design index EEDI for new ships (technical measure) [1] and a ship energy
efficiency management plan (SEEMP) for all shipsréipeal measure) [1]. The index gives a ship's
estimated emissions of CO2 per unit of traffic work.
In addition, since January 2023, the IMO has introduced the Energy Efficiency Existing ShigE{§tex (
measurement, which will be mandatory for each ship, as part of the yearly assessment of their carbon
intensity indicator CI) [2]. Both aim at promoting more sustainable and eneefficient practices.
Also,the development of hull coatings can all help to reduce fuel consumption and pollutant emissions.

1 SCR system for ships
SCR catalysts help to reduce the concentration of nitrogen oxide in the exhaust gases of diesel engines
below the limits set by IMO Tier Ill. SCR is an available technology which has been successfully applied
to a great range of engine and vessel typesngiglifferent fuels and in different ranges of engine
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conditions.

1 Scrubbers for ships
Scrubbers remove SOx and reduce the harmful emissions generated by burning fuel. As regulations
become more restrictive regarding SOx emissions, the demand of scrubbers is expected to increase.

1 Autonomous ships
Using sensors, cameras, and advanced algorithms, vessels can operate and navigate without human
intervention. Throughhese technologiess possible not only to improve safety but also reduce fuel
consumption.

Offshore Renewable Energy (ORE) constitutes a clean and inexhaustible source of energy, capable of
reducing greenhouse gas emissions and creating less damage to the environment, in comparison to
traditional fossdbased energy. Offshore wind energy is @asingly gaining ground as one of the best
sources of renewable energy in Europe and the European Union. The EU strategy for Offshore
Renewable Energy sets the objective of increasing offshore wind energy production capacity from 12
GW to at least 60 GW 3030 and 200 GW by 2050. This development would be complemented by 40
GW of Ocean Energy and other emerging technologies by 2050.

The demand for offshore structures, equipment, and zenaission specialised vessels represents a
great opportunity for the industrial value chains, clusters and ecosysté&msseen, the maritime
technologies sector has become an innovation driven and advanced sector which requires skilled
technical people.

9.1 Sector general overview
9.1.1 Shipbuilding

The shipbuilding sector is defined as a synthetic industry, producing a unique product, rarely in series,
with a high unit value (usuallgxceeding the financial capacity of the shipbuilding companies), long
production periods, very sensitive to economic cycles, with almost permanent worlecapacity, and
strongly exposed to international competition.

The European maritime technology sector consists not only of shipyards or marine equipment
manufacturers, but also maritime consultancy and engineering companies. The continuous
fragmentation (e.g. through outsourcingihdinternationalisation of the supply chain results in varying
distribution of production values between the different steps of the value chain. The distribution of the
workload in the supply chain can be roughly assigned as30fb6 to the shipyards, +40% to the
material suppliers (inclling components and systems) and 30% to subcontractorfs].
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Figure9.1: The shipbuilding value chairkey phases and processes [4].

Nowadays European market consist of high technology products and services where value is obtained
through knowledge, innovation and technology. That is the only way to compete in the global market.
Generallygach vessel built is a unique prototype. For each new project, each company designs a unique
product adapted to the needs of the customer.

One of the consequences of developing high technology and unique products is that the sector requires
high skilled technical people. Companiesist adapt the knowhow of their workers to the new
technological advances in order to compete successfully.

Also, EU is investing in sustainable new technologies, adopting digital solutions and automation
processes to reduce pollution and remain competitive.

Based on the 2019 order book data expressed in Compensated Gross Tonnage (CGT) for each country,
together with the number of employees in that industry and the value added at factor cost, a scale has
been established to rank the most representative cowggrin the Shipbuilding and repair industry. As
shown in Figure 2, the most important group of countries are Italy (17%), Germany (16%) France (14%)
and UK (13%), followed by Spain (6%) and the Netherlands (5%).
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Figure9.2: Importance of Shipbuilding sector in the EU and UK, considering the added value generated, the employment and
prospects for future contracts. Based on the gross value added at factor cost{@wé employment from 2018, and the
order book 2020 [4].

Results of GREEN Focus group:

A discussion was held on the shipbuilding sector main features across EU. The aim of this discussion
was to validate the sectoral boundariaadto confirm the criteria for selecting countries relevant for
the analysis. The following questions were addressed in this section:
1 Do you agree with the selected descriptors for the shipbuilding sector?
1 Do you think the shipbuilding sector should be considered as critical for achieving a
greener and more sustainable future?
1 Do you agree on the selection of most relevant countries for the analysis of the Green
Transition in this sector?

All experts agreed with the selected descriptors for the shipbuilgétgor andconsidered it should be
considered as critical for achieving a greener and more sustainable future.

Most of the experts indicated thdtK, Spairand theNetherlandsshould be included in the selection
of most relevant countries for the shipbuilding sector. It was also highlighted that in terms of capacity,
specially related to ship sections construction and merchant ships building, Romania is one of the

54 GVA: Gross income from operating activities after adjusting to operating subsidies and indirect taxes, obtained from the
European Commission, Directorate General for Maritime Affairs and Fisheries( 2020 & 2021)
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largest ship constructors even though the type of ships they are building are not greenAbips.
Finland in terms of innovation should be taken into consideration.

9.1.2 Offshore Renewable energy

The main forms of offshore renewable energy systems are categorized into two main groups, according
to the maturity of the technology employé&t Fixed Offshore Wind is the most mature sdgtor,

whilst Floating Offshore Wind and Ocean energy hdifferent degrees of readiness: Wave, Floating
Offshore Wind and Tidal are progressing fast, of which the latter is closer to commercial exploitation,
and Offshore Solar is under development.

Most of the offshore wind industry in Europe is dominated by a small number of key playgtAll
new wind farms have been led bgur wind farm manufacturersSiemens Gamesa Renewable Energy
(SGRE), MHI Vestas Offshore Wind, GE Renewable Energy and S¥itiviegard to the situation of

the wind turbine component manufacturing in Europe, a small number of companies likewise have
the majority of the market share The Sif Group dominates the mepide foundations, followed by
Bladt and EEW. Lamprer arftetNavantiawWindar Consortium specialize in jacket manufacturirige
export and array cable market in Europe has more variety than that of wind turbiaad foundations.
Finally,the service providers and specialist suppliers in th& 8er of the value chain include a
significant number of smaller supplienwho can adapt very quickly to the market and offer solutions
for the industry[6].

Offshore Renewable Energy Value Chain

Decommissioning/

Site Planning Manufacturing Construction & Operation & asiais
Recommissioning

Installation Maintenance
Specialised Transport

Research & Development

Other Supporting Services

Figure9.4: The ORE value chajrkey phases and processes [4].

Regarding the geographic spread of the Offshore Renewable Energy sector in Europe (see Figure 4),
there are two different landscapes depending on the type of energy technology:

In the more mature sector of fixed offshore wind energy, the UK isEilm®pean country with the
largest installed capacity (%) followed by Germany (34%), ribeark (8%), Belgium (7%) and the
Netherlands (5.5%). A nascent industry is present in Finland, Sweden, France, Spain, Ireland and

55 This categorisation and terms used to describe the technologies employed to extract energy from the oceans follow the
lexis employed by the European Commission, Directe@eeral for Maritime Affairs and Fisherieglie EU Blue Economy

Report 203.

Pagel34of 209


https://op.europa.eu/en/publication-detail/-/publication/676bbd4a-7dd9-11e9-9f05-01aa75ed71a1/language-en/
https://op.europa.eu/en/publication-detail/-/publication/676bbd4a-7dd9-11e9-9f05-01aa75ed71a1/language-en/

<,REEN

the Greener European VET Network
GREENI1

Portugal.

Considering ocean energy technologies and floating offshore wind projects, France leads the ranking
(51%), followed by the UK (20%), leading the promising tidal and wave energy sector, then Norway
(14%), Spain (10%and Portugal (4%). The Netherlands represents less than 1%.

] Fixed Offshore
Wind Energy
(%)

“IE
o o
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No data

Emerging
marine energy
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on country.
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Figure9.5: Importance of offshore wind energy sector in the European courtfidmsed on the fixed offshore wind
installed capacity. The icons show the installed capacity share of the emerging marine energies in the European countries
(floating windenergy projects + ocean energy (i.e. wave & tide) [4].

Results of GREEN Focus group:

A discussion was held on the sector main features across EU. The aim of this discussion was to validate
the sectoral boundarieandto confirm the criteria for selecting countries relevant for the analysis. The
following questions were addressed in this section:

1 Do you agree with the selected descriptors for the ORE sector?
1 Do you think the ORE sector should be considered as critical for achieving a greener
and more sustainable future?

56 EU Member States, UK and Norway data are included in these figures
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1 Do you agree on the selection of most relevant countries for the analysis on the sector
of ORE?

All experts agreed with the selected descriptors for the ORE sdetan though almost all experts
agreed ORE sector is important for the Green transition, it was stated that there aretradit@nal
sectors that should be studied, for example maritime transport, ports or any other sector important for
energy transition. To open an overall vision on the sectors, some experts consider that the efforts
should be joint.

All the experts agreed with the selection of the most relevant countries for the ORE in Europe, but
almost the half indicated thanore countries should be considered

Some of the countries considered relevant by éxperts were:
1 Denmark
Denmark is a pioneer of the development of offshore wind power. The world's first offshore
wind farm was established in 1991 in Denmark. The installed capacity is not as big compared to
Germany and France because it is a small country, but it is necéssanysider that Denmark
had by far the highest share of wind power in its gross final electricity consumption.

1 Portugal
Portugal is a key player. They were the first ones installing floating wind and everything has
been done between Spain and Portugal. The couhtrtg set ambitious energy transition
targetsand aims foB0% of the country's generation to be renewable by 2026. The favourable
wind conditions made offshore wind energy technology play a key role.

A special comment was made regarding regulation laws. Offshore wind projects can be slower to get
going than their onshore equivalen&nddepending on the country it could be easier or faster to build
offshore wind farms. For example, wind farmist be located in the territorial waters (14 nautical
miles) or exclusive economic zones (200 nautical miles) of their host country. They must go through a
complicated approval process, including environmental impact assessments that consider their effect
on marine habitats, migrating birds, etc.
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9.2 Key occupations for the Green transition

The MATES blueprint projegt] identified 105 occupations involved in the maritime technologies,
including primary and supporting occupations. Those occupations are either related to the shipbuilding
value chain, the ORE value chain, or to both, as shown in table 1:

Table 9.1: Quantitative summary of occupational profiles in the maritime
technologies distinguishing the primary occupations from the secondary ones.

e Shipbuilding
Shipbuilding ORE + ORE TOTAL
Primary 28 21 7 56
Supporting 1 22 26 49
TOTAL 29 43 33 105

The complete list of occupations per sector is available in annex 9.1

9.2.1 Shipbuilding

Taking MATES foresidBt as our guidance document for this analysis, we can see that the occupations
deemed to be the most affected by future green trends are grouped around the two technologies which
are supposed to have more impact in the next years in the maritime industishipbuilding. Those
two technologies are:

1 Exploitation of alternative fuels and renewable energy sources

1 Green retrofitting

As previously explained, exploitation of alternative fuels implies moving from fossil téossih fuels,

being these fuelproduced with renewable or zero carbon energy resources. Green retrofitting consists
of installing orboard ships innovative elements or systems to meet the new regulatory emission
standards.The occupations considered to be most affected by these trends as proposed by MATES are
presented in table 9.2

Table 9.2 List of the most relevant trends for the green transition in the shipbuilding sector, and
occupations considered to be most affected by them. (Source: ATES fof@pight

Green trend Occupation

Marine Engineer

Naval architect

Marine Engineer drafter
Marine Engineering Technician
Vessel engine assembler
Alternative fuels engineer

Exploitation of alternative fuels

Pagel37of 209



the Greener European VET Network

GREENI1

Marine Engineer
Green retrofitting Naval architect
Marine Engineering Technician

From all these occupations, only those with higher demand inrtheketplaceare going to be studied

further. This analysis was also developed in MATES [9]. 160 job advertisements postedvawer a
month period (May¢ June 2019) were analysed in various major employment websites addressing 6
European countries (i.e. Germany, France, Italy, Spain, Netherlands and UK). After the analysis, it was
concluded:

1 Engineers was the occupational group that most advertisements addressed (i.e. 37% of total).
Naval architects, marine engineers, design engineers and project engineers proved to be in the
highest demand.

9 Technicians were the second occupational group most addressed (i.e. 26% of totalitiétimpe
welders and shipwrights were the main occupational profiles in demand.

1 Managers also received the same attention (i.e. 26% of total), and especially managers &
directors of facilities and departments, project managers, consultants and other occupational
profiles dealing with the planning and management of operations, fasilénd personnel.

91 Drafters, who work closely with engineers in design departments, were addressed by 8% of the
collected advertisements.

1 Engineering technicians and especially those with elettechanical background were also
targeted by 3% of the collected advertisements.

Taking into account theccupations deemed to be most affected by the green transition, together with

the demand at the job market, we selected tree occupations from the shipbuilding value chain for the

present analysis: two occupations from the engineering graugphe one in hitpest demand,
NBLINBaSylGAy3d GKS a@andidnd fio® Rhe mexhanids §roup af foccliphtibing,
NELINB&aSYyliAy3a GKS aofdzS O2fftl NERE 200dzZLJ GAz2ya GKIF
transition.

1 Naval Architect:
In accordancevith ESCO description, Naval Architects design, build, maintain and repair all types of
boats from pleasure crafts to naval vessels, including submarines. They analyse floating structures and
take various features into account for their designs such as thme,fstructure, stability, resistance,
access and propulsion of hulls. World maritime innovation is expected to minimise the impact of
shipping on the environment. Ship designs are expected to comply against demanding environmental
standards, requirements for new equipment and for sustainability within the context of lifecycle.
¢CKS aKALIQa Sy3aiayS Nr2Y Aa (GKS 3ANBIFGSadG O2y i NROdzi
engines and other machinery present in the engine room consume fuebtk andgenerates carbon
dioxide and other poisonous gases in return. The key to reduce this poisonous emission is to improve
the design of these machines and also of the ship. The ships should be designed in such a way that it
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poses least threat to the environment. Thus, better the design, greener is the ship.

Hull design ismportant for the overall efficiency of the ship. Optimization of hull lines of the ship
increases the speed of the ship, saves &ralimproves the economic efficiency.

Also, the machinery fitted in the ship can improve its environmental impact. The less energy it
consumes, the less it pollutes and the more efficient it is, the better.

Therefore, the better way to ensure a ship is green is from the beginning of its conception, and that is
the Naval Architect’s job. So, providing them with the appropriate green skills will improve the impact
of shipping in the environment.

1 Alternative fuel engineer:
According to ESCO description, alternative fuel engineers design and develop systems, components,
motors, and equipment which replace the use of conventional fossil fuels as main power source for
propulsion and power generation with the feature of usingee/able energies and nefossil fuels.
They strive to optimise energy production from renewable sources and reduce production expenses
and environmental strain. The alternative fuels employed mainly include Liquefied Natural Gas (LNG),
Liquefied Petroleunas (LPG), biodiesel, aitrohol as well as electricity (i.e., batteries and fuel cells),
hydrogen and fuels produced from biomass.
Reducing emissions to air and introducing new propulsion technologies are key challenges for the
worldwide shipping sector. The high technology, the complex products, the need of most advanced
vessels and technologies) and the innovative manufacturinggssss will require for more and more
highly skilled technical people and d fewer less qualified people. This occupation is born of the necessity
to fill the skills gap in alternative fuels.

1 Vessel enginassembler:
As per ESCO description, a vessel engine assemblers build and install prefabricated parts to form
engines used for all types of vessels such as electric motors, nuclear reactors, gas turbine engines,
outboard motors, twestroke or fourstroke diesel engireand, in some cases, marine steam engines.
They review specifications and technical drawings to determine materials and assembly instructions.
They inspect and test the engines and reject malfunctioning components.
Due to the changes the sector is undergoing: decarbonisation of shipping, automated ships, alternative
FdzSt axs @SaaSsSt SyaayS | aaSyof SNa gAff KIS G2
necessities of the sector. All these changes supposiatiagluction of new and innovative equipment
that fulfils the new characteristics of the sector.

Results of GREEN Focus group:

A discussion was held on the sector main occupations. The aim of this discussion was to validate which
are the most affected and/or most demanded sectoral occupations and also to confirm the criteria for
selecting them for the analysis. The following qims were addressed in this section:
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1 Do you consider this selection of occupations is adequate (naval architect, vessel engine
assembler, alternative fuel engineer)?

1 Would you eliminate or add any further occupation?

1 If your answer is yes, which one would you include?

1 And would you eliminate any of the 3 proposed occupations?

As result of the discussion held about the selected key occupations for the green transition and the
main reasons for their relevance in this procesgmegts proposed to modify the proposed list. For some
experts,Marine Engineemvas considered a much better profile than a Naval Architect as the overall
ship design should be more efficient and would comply with the current or upcoming regulations. But
in the opposite, other experts considered that both occupational profiles aa#lyréinked, either in

terms of the use of space (equipment arrangement in the vessel) as in terms of the use of new fuels,
batteries, etc. Besides, the relative importance of the Marine engineer versus the Naval architect may
vary depending on the type of vessel. It was also psepao addviarine Engineer Techniciaas we
should focus not only on profiles with high level of education and also add up another vocational
training which is aligned with the Marine Engineer, but this proposal was less seconded by the group.

Most of them mentioned that they would add some other occupations.

And, regardingdding some occupations, the occupation considered to be more relevant to be included
is marine engineer, since they will be the ones to operate the new types of engines with their new
characteristics, and marine engineering technicians, since they witiebenes to maintain those new
engines.

On the other hand, regarding if any of the mentioned occupations should be eliminated, vessel engine
assembler was proposed to be eliminated since, despite some new engines could appeatr, as far as they
are internal combustion engines, their building wohklsimilar to the existing ones (not their operation

and maintenance). Anyway, most experts considered the three proposed occupations should be
included.

As a result, we conclude that the Marine Engineer wilhfided to the list of selected occupations for
this analysis.

9.2.2 Offshore Renewable Energy (ORE)

Offshore renewable energis increasingly gaining ground in Europe and the European Union. In
consequence, not only the occupations of this value chain are being more demanded, but also new
occupational profiles are being created. In particular, the following ones were identifdATES and
updated in ESCO database:

ORE engineer
ORE technician
ORE Plant Operator

Drone Pilot
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Marine renewable energy systems require energy storage capabilities, and these technologies are
evolving to reduce their environmental impact. The MATES forefghidentified the occupations
considered to be the most affected by the evolution of the energy storage technology
Power distribution engineer
Energy storage Electric power generation engineer
Maintenance and repair engineer

Solar power plant operator
Power production plant operato

As in the Shipbuilding sector, the occupations being studied are those with high demand in the
marketplace The analysis of the current job vacancies is included in the report Baseline Report on
present skills needs in shipbuilding and offshore renewables value chains from MATES [9]. 99 job
advertisements posted over a foamonth period35 (Marclg June 2019)n various major employment
websites addressing three European countries (i.e. the UK, France and the Netherlands) were collected
and reviewed.

Managers and engineers proved to be in greater demand i.e. were requested in 52% and 27% of all
identified advertisements respectively. Smaller was the demand for technicians, analysts, consultants
and designers. At this point, it should be stressed tlampared to the advertisements for the
shipbuilding sector, in those for ORE no specific occupational profile was requested, but the
aforementioned broader groups were addressed instead, with different specializations being in
demand. The ORE industry igrrently in greater need of (a) managers specializing in the overall
planning and development of ORE projects as well as in specific processes such as construction and
installation and operation and maintenance, (b) wind turbine technicians, and (c) engisgecializing

in electrical engineering, structural and geotechnical engineering, and design processes. [9]

The following managing occupations have been identified as supporting occupations for the ORE value
chain (in bold are marked those that also are relevant for the shipbuilding value chain).

Managers Policy manager
Projectmanager
Operation manager

Industrial maintenance supervisor
Construction safety manager

Considering all this information, we selected one occupation from the ORE value chain for the present
analysis:

1 ORE engineer

As per ESCO description, offshore renewable energy engineers design and supervise the installation of
offshore energy farms and equipment. They research and test locations to find the most productive
location, ensure the successful execution of the depign and make any necessary modifications or
provide targeted advice. Offshore renewable energy engineers test equipment such atuxiine

blades, tidal stream and wave generators. They develop strategies for more efficient energy production,
and envionmental sustainability.
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Results of GREEN Focus group:

A discussion was held on the sector most affected occupation. The aim of this discussion was to validate
which are the most affected and/or most demanded sectoral occupatmto confirm the criteria
for selecting them for the analysis. The following questions were addressed in this section:

1 Do you consider this selection of the most affected occupations is adequate (ORE engineer)?

Allthe experts considered the selected occupation to be adequate, so no further debate seemed to
be needed.

9.3 Skills for the Green transition in the key occupations

For each occupational profile identified, the associated skills and competences, as listed in ESCO [10]
are summarized in Tab®.3. It has been highlighted in blue all those skills and competences and
knowledge which are considered green skills according to ESCO. Additionally, some of the skills and
competences that are not yet labelled as green by the ESCO team, but that coultstikeoed as such,

have been highlighted.
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Naval
architect

assess financial viability

engineering principles

| ensure vessel compliance with regulations engineering processes
execute analytical mathematical calculatior maritime law

execute feasibility study
use maritime English

mathematics
mechanical engineering
mechanics of vessels

adjust engineering designs
analyse big data
analyse energy consumption

analyse production processes for
improvement

analyse stress resistance of products
analyse test data
assemble mechatronic units

assemble sensors

assess environmental impact
conduct energy audit
conduct performance tests

CAE software
automation technology
battery chemistry

battery components
battery fluids
business intelligence
chemical products

cloud technologies
composite materials
control engineering
data analytics

control production data mining
create technical plans data storage
design automation components defencesystem

design prototypes

develop energy saving concepts
develop wastemanagement processes
draft design specifications

ensure compliance with environmental
legislation

identify energy needs
installautomation components

install mechatronic equipment
integrate new products in manufacturir
maintain robotic equipment

operate battery test equipment
perform data mining

perform scientific research

perform test run

promote innovative infrastructure
design

promote sustainable energy
record test data
simulate mechatronic design concepts

design principles
energy efficiency
environmental legislation
fluid mechanics

fuel gas

guidance, navigation and control
information extraction
information structure
manufacturing processes
material mechanics
mechatronics

physics

quality standards

renewable energy technologies

robotic components
robotics

sensors

solar energy
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align components

apply health and safety standards

apply preliminary treatment to workpieces
bolt engine parts

ensure equipment availability
ensurevessel compliance with regulations
fasten components

read engineering drawings

read standard blueprints

troubleshoot

engine components
mechanics

mechanics of vessels
operation of different engines
quality standards

use power tools
use technical documentation
wear appropriate protective gear

test mechatronic units

test sensors

use CAD software

use CAM software

use specific data analysis software
utilise machine learning

analyseenergy consumption
calibrate electronic instruments
clean components during assembly
conduct energy audit

conduct performance tests

develop energy saving concepts
diagnose defective engines
disassemble engines

inspect quality of products

keep records of work progress
liaise with engineers

operate battery test equipment
operate handheld riveting equipment
operate lifting equipment

operate soldering equipment
operate welding equipment

position engine on test stand
re-assemble engines

recognise signs of corrosion

record test data

i€

statistical analysis

system software

stealth technology

synthetic natural environment
types of maritime vessels
unstructured data

vessel fuels

visual presentation techniques
battery chemistry

battery components

battery fluids

chemical products
electromechanics

electronics

energy efficiency

engineering principles
engineering processes

fuel gas

renewable energy technologies
rivet types

solar energy

vessel fuels
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repair engines
send faulty equipment back to assemb
line

set upautomotive robot
tend riveting machine
use CAM software

use testing equipment
write records for repairs
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' promote sustainable energy
provide information on hydrogen
use sustainable materials and components
usetechnical drawing software
use testing equipment
use thermal management

adjust engineering designs

approve engineering design

ensure vessel compliance with regulations
execute analytical mathematical calculatio
perform scientific research

use maritime English

use technical drawing software

power electronics

record test data

renewable energy technologies train employees

smart grids systems
statistics

systems development lifeycle
technical drawings
thermodynamics

engineeringprinciples
engineering processes
maritime law
mathematics
mechanics

mechanics of vessels
technical drawings

use maritime English

analyse big data

analyse energy consumption

analyse production processes for impt
analyse stress resistance of products
analyse test data

apply medical first aid on board ship
assemble mechatronic units
assemble sensors

assess environmental impact

assess financial viability
communicate using the global maritim
conduct energy audit

conduct performance tests

control production

coordinate fire fighting

create technical plans

design automation components
design prototypes

develop energysaving concepts
develop waste management processe
disassemble engines draft

i€

CAE software

Global Maritime Distress and Safety System
International Convention for the Prevention
of Pollution from Ships

assessment of risks and threats
automation technology
battery chemistry
battery components
battery fluids

business intelligence
chemical products
cloud technologies
composite materials
control engineering
data analytics

data mining

data storage

design principles
electrical engineering
electromechanics
electronics
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design specifications
ensure compliance with environmenta
legislation

execute feasibility study

extinguish fires

identify energy needs

inspect engine rooms

install automation components
install mechatronic equipment
install transport equipment engines
integrate new products in manufacturi
lead a team in fishery services
lubricate engines

maintain electrical equipment
maintain electronic equipment
maintain robotic equipment
maintain safe engineering watches
maintain shipboard machinery
manage engingéoom resources
manage ship emergency plans
manage the operation of propulsion pl
operate battery test equipment
operate controlsystems

operate lifesaving appliances
operate marine machinery systems
operate pumping systems

operate ship propulsion system
operate ship rescue machinery

energy efficiency

environmental legislation

fire-fighting systems

fisheries legislation

fisheries management

fishing vessels

fluid mechanics

fuel gas guidance, navigation and control
information extraction

information structure

international regulations for preventing collisi
material mechanics

mechanical engineering

mechatronics pollution prevention precision
mechanics quality of fish products
renewable energy technologies
risksassociated with undertaking fishing oper
robotic components

robotics sensors

ship related legislative requirements

solar energy

statistical analysis

system software

stealth technology

synthetic natural environment

unstructured data

vessel fuels
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address problems critically

Offshore g gjust engineering designs
(@8 Renewable .
T Energy adjust voltage

Engineer

approve engineering design
conduct engineering site audits

automation technology
data storage
electrical engineering

electrical power safety
regulations

energy

perform data mining

perform small vessel safety measures
perform small vessel safeprocedures
perform test run prevent fires on boarc

prevent sea pollution
promote innovative infrastructure
design

promote sustainable energy
re-assemble engines

record test data

repair engines

simulate mechatronic design concepts
survive atsea in the event of ship abar
swim test mechatronic units

test sensors

train employees

use CAD software

use CAM software

use specific data analysis software
use tools for construction and repair
utilise machine learning work infeshery

work in outdoor conditions

advise on offshore renewable energies
subjects electricity market

analyse big data
assess financial viability

maritime law
mechatronics

conduct underwater surveys unstructured data

coordinate electricity generation

visual presentation techniques
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Table 9.3 Skills and competences associated to the maritime occupations selected due to their relevance in the Green Transitih,ireE8CO [10Bkills and
competences highlighted in blue are those labelled as GREEN by ESCO. Those highlighted in orange are not yet cld&&&Netdwsv@Rd be further analysed to propose
their green labelling to the ESCO team.
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Results of GREEN Focus group:

A discussion was held on each occupational profile identified and their associated skills and
competences, as listed in ESCO, highlighting the ones considegedesss The aim of this discussion

was to validate the listed ones for some of the occupations analysed in presgctisns anduggest

some that might be missing for each occupation, according to the experts. The following questions were
addressed in this section:

1 Do youconsider the green skills and knowledge presented are relevant for this occupation
(naval architect)?
o] Do you find a skill or knowledge missing? Which one?
1 Do you consider the green skills and knowledge presented are relevant for this occupation
(vessel engine assembler)?
0 Do you find a skill or knowledge missing? Which one?
1 Do you consider the green skills and knowledge presented are relevant for this occupation
(alternative fuels engineer)?
o] Do you find a skill or knowledge missing? Which one?
1 Do youconsider the green skills and knowledge presented are relevant for this occupation (ORE
engineer)?
o] Do you find a skill or knowledge missing? Which one?

No skill or knowledgevere considered to be missing for navalNJO K Acéss. Inifdeti most of the
experts considered that the green skills presented are relevant for this occupation.

Plants integration and fuel consumption knowledgere suggested as relevant knowledge for vessel

engineer assembler. This case is quite more heterogeneous from the point of view of the experts.
tfryda AYyadSaANIGA2y O2dAd R 0S NBtSOlIyd 0SOlFdzasS GKS
new propulsion solutions could imply hybrid systems, greener fuels or a combination of different
sources that can be coexisting at the same time onssele and they can be of different natures, some

being green and some other being brown. There is where the importance of plant integration in the

green transition may lie.

Knowledge on energy storage/batteries was considered to be missing for alternative fuels engjineer.

the experts, as expected, considered green skills are relevant for this occupation.

Knowledge on energy storage, new materials and offshore maintenance were considered to be missing
for ORE engineer. All of the experts but one, considered all green skills are relevant for this occupation.
Hat one considered that they are relevant, howevaot all of the presented skills or knowledge
considered by ESCO: knowledge on solar was suggested to be considered as optional by ESCO, and not
essential.
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9.4 Skills supply for the Green transition

Table9.4 shows which are the minimum levels of education required for each of the occupational
profiles identified as relevant for the green transition:

Table9.4: Minimum levels of education required, own research §jd

Minimum level of education required
A/A|  Occupational profile General Education VET Higher educatior
EQF 4 EQF & EQF &
1 | Naval architect X
2 | Vessel engine assemble X X
3 | Alternative fuels engineg X
4 | ORE Engineer X

9.4.1 Shipbuilding

In MATES project, a thorough review of relevant educational and training (E&T) programs was
undertaken. In total, 482 E&T programs provided in 17 EU countries were identified for the academic
year 20182019. They mostly spread between the 3rd and 7th EQél,l while several professional
certificates and noracademic training offers were also found to exist (Figuid).

UK [ L W eoFLeveis
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Figure9.11: Distribution of E&T programs per EU country and EQF level [9]

The large majority (48%) consisted of Vocational Education and Training (VET) programs addressing
mainly technical occupational profiles specializing in metalworking (e.g. welders, shipwrights). Under
and postgraduate programs also accounted for a coasadble share (37%) oriented mainly towards
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engineering fields (i.e. naval architecture, marine engineering). Most of these programs however do

not provide direct specializations applicable to the shipbuilding sector, but more general qualifications

that can be applied to several different sectofss a result, oithe-job training is regarded as a
LINENBIljdzA aAGSsS gKAES GKSNB A& | ySSR F2NJ I OSNI
providing added value to their company. [9]

As expected, given their distribution per type and European Qualifications Framework (EQF) level,
most of the identified E&T programs are offered only in the national language of each respective
country. Just 17% of all programs are offered in Englismeobifingual, and these are mostly under

and postgraduate programs. To this end, international participation opportunities are scarce, and
may also not be attractive enough because of the lack, in several cases, of BinlepEccreditation

and recognitn. [9]

Annex9.2 provides more details on the analysis of the training offer in the three countries ranked as
more relevant for the shipbuilding industry, as shown in figure 2: Italy, Germany and France.

9.2.2 Offshore Renewable Energy (ORE)

In MATES project, a thorough review of relevant educational and training (E&T) programs was
undertaken. 551 relevant E&T programs in total were identified, offered in 12 different EU Member
States. Though only a few directly address the ORE sector, muptaprs do include, within the
overall framework of renewable energies, some courses specifically targeting offshore projects. [9]

Although they cover all EQF levels, the majority of consist of M.Sc. (43%) and B.Sc. (24%) programs,
indicating that specialization in ORE is mostly provided atg@stuate level. VET programs (EQF 3,

4 and 5) accounted for approximately 10% of all paogg. Noracademic programs and programs
providing professional certificates accounted for a significant share (21%). Bifjateelow presents

the distribution of the available E&T programs per country and EQF level. [9]
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Figure9.12 Distribution of E&T programs per EU country and EQF Ie]/el [9

Annex9.3 provides more details on the analysis of the training offer in the three European countries
ranked as more relevant for the offshore renewable energies, as shown in 8gurélK, Germany
and France.

Results of GREEN Focus group:

A discussion was held on the two sectors training trends and initiatives across the EU. The aim of this
discussion was to assess those trends and initiatives and their strengths and weaknesses regarding
green transition. The following questions were added in this section:

o] Which areas do you think need more improvements in the training programs? (choose
3)

o] How can the industry and the training providers joint efforts to ensure the preparation
of the workers and students for the green transitiosAdose3)

o] In order to accelerate the green transition, which group of occupations do you
consider that should be trained before to improve their green skills? (prioritise)

0 Type or training format would be better to ensure a timely preparation of the industry

for the green transition for Managers and Heads of Education.
A What type of approach would you look for in training for this group?
(prioritise)
o] Type or training format would be better to ensure a timely preparation of the industry
for the green transition for Teachers and Middi@nagement, positions ind.
A What type of approach would you look for in training for this group?
(prioritise)
o] Type or training format would be better to ensure a timely preparation of the industry
for the green transition for Workers and Students.
A What type of approach would you look for in training for this group?
(prioritise)
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Integration of sustainability across disciplineand Adaptation to rapid changes in technologies
where considered the two main areas in which more improvements in the training programs are
needed. Following them in importance, the following four areas were highlightecmotion of
innovation measuring and assessing environmental impacvironmental issuesand legislation
Communication skills and waste management were not considered relevant for this purpose.

The experts agreed on three methods to joint efforts from the industry and the training providers in
the preparation of the workers and students for the green transition: cblaboration of industry
experts in the elaboration of the curricula, the organisatiorindéérnships the apprenticeshipsor
cooperative educational programsand the implementation ottollaborative projects between
educational institutions and industry

The group of occupations considered as priority to be trained to accelerate the green transition are
the Industry Managersand Heads of Educationfollowed by middlemanagement positions and
teachers. Workers and students are considered in the last priority.

Regarding the identification of the best training format to ensure a timely preparation to the green
transition, On the job traininghas been ranked first for all the groups of occupations considered. In
the case of the Managers and Heads of Education, the second, third and fourth types of training format
get similar rankings and includ&ebinarscombined withon the job trainingand MOOCS, Blended
apprenticeships (orsite and inclass),and Life long learning.

In the case of the Middienanagement positions and Teachers, the second and third types of training
format get similar rankings to the first one, and includkelonglearningandWebinars combined with

on the job training and MOOCS

As for the Workers and Students, the second, third and fourth training format identified/abénars
combined withon-the-job training and MOOCS, Blended apprenticeshipssifenand inaclass),and
Regular educational programs.

9.5 Maritime Technologies sector results and conclusions

The maritime technologies sector includdspbuilding (NACE CODE 30.11) and offshore renewable
energy (NACE CODE 35.1These sufsectors are strongly linked and require new capacities to
succeed in an increasingly digital, green, and knowlattyen economy. Even though almost all
experts participating in the Focus Groagreed that both sectors are important for the Green
transition, it was stated that there are morteaditional sectors than the offshore renewable energy
that should be studied, for example maritime transport, ports or any other sector important for energy
transition.

The shipbuilding sector issynthetic industry, producing a unique produgctarely in series, with a

high unit value, long production periods, very sensitive to economic cycles, with almost permanent
world overcapacity, and strongly exposed to international competition. The three most
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representative countries in the Shipbuilding and repair industry in Europe are ltaly (17%), Germany
(16%), France (14%), bubst of the consulted experts considered that UK, Spain and the Netherlands
should be included in the selection of most relevant countries for the shipbuilding sector. It was also
highlighted that Finland should be taken into consideration in terms of iati@v, and also Romania

as one of the largest ship constructors with possibilities for improvement in relation to green practices.

The main trends for the green transition in shipbuilding are related tdek@oitation of alternative

fuels and Green retrofitting Exploitation of alternative fuels implies moving from fossil to-fassil

fuels, being these fuels produced with renewable or zero carbon energy resources. Green retrofitting
consists of installing ehoard ships innovative elements or systems to mdet hew regulatory
emission standards.

The offshore renewable energy sector inclufi@ed offshore wind the most mature sutsector, as

well asfloating offshore wind and ocean energwith different degrees of readiness. The main
countries for offshore renewable energy vary depending on the type of technology. For fixed offshore
wind energy, the UK has the largest installed capacity, followed by Germany. For ocean energy
technologiesand floating offshore wind projects, France leads the ranking, followed by th&héK.
consulted experts pointéthatDenmark, pioneer of the development of offshore wind power, should
also be included, together with Portugal, due to @sbitious energy transition targetsstalling
floating wind renewables.

Taking into account the occupations deemed to be most affected by the green transition and the
demand in the job markefpur occupations from the shipbuilding value chain were selected for the
analysis, together with one occupation from the ORE

- Naval architect

- Marine Engineer

- Alternative fuel engineer

- Vessel engine assembler

- ORE engineer

For each one of those occupational profiles, the associated skills, competences and knowledge, as
listed in ESCO, have been summarised. All of them have a set of green skills and knowledges in their
description,which can be categorised in the following groups
- Energy: energy efficiency, analyse energy consumption, promote sustainable energy, design
offshore energy systems, renewable energy technologies, solar energy, identify energy needs,
conduct energy audit develop energy saving concepts.
- Waste managementdevelop waste management processdgpose hazardous materials,
prevent marine pollution, circular economy.
- Design: promote innovative infrastructure design, use sustainable materials and
O2YLRYySyilax
- Legislation:maritime law, environmental legislation, ensure compliance with environmental
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legislation, International Convention for the Prevention of Pollution from Ships, ship related
legislative requirements.

- Environment: assess environmental impact, research locations for offshore farms,
oceanographyprevent sea pollution

However, theNaval architect, the Marine engineer and the Vessel engine assembler have most of
the green skills as optional, while the alternative fuel engineer and the ORE engineer have also
essential green skills and knowledg&his could be related with the fact that they have been more
recently included in ESCO database, but also that they have emerged as new occupations in the
context of the green transition.

Additionally, the consulted experts proposed to add several green skills and knowledges in some of
the occupations analysedPlants integrationand fuelconsumption knowledgewere suggested as
relevant knowledge for vessel engineer assembikarowledge on energy storage/batteriesvas
considered to be missing for alternative fuels engin&growledge on energy storagaew materials
andoffshore maintenancewere considered to be missing for ORE engineer.

Four of the occupations selectedNaval architect, Marine engineer Alternative fuel engineer and
ORE engineer are considered as white collars» and requirehavinghigher educatioras minimum

level (EQF-8). Most of the available programs do not provide direct specializatioagplicable to

the maritime technologies, but more general qualifications that can be applied to several different
sectors. As a resulgn-the-job training is regarded as a prerequisitavhile there is a need for a
OSNI I AlyA 2B0NI YJSINRA 2R 0 STF2NB ySg SyLi 2eS8Sa OFy aidl N
The vessel engineer assemblds the «blue collars occupation selected for the analysis. The
minimum level of education required ranges from 1 to 5, being either included in the general
education (EQF 1 to 4), or more specialised in the VET BRHAt3enerally requires on the job
specialisation. The expected innovations in the automated ships and the use of alternative fuels will
require to update their skills in order to cope with the new necessities of the sector.

During the focus group discussions, experts delved into the training trends and initiatives within the
two targeted sectors across the EU. The objective was to evaluate their effectiveness and identify
areas for improvement in the context of the green tsition.

Integration of sustainability across disciplirse®l Adaptation to rapid changes in technologigsere
considered the most critical areas for improvements in the training programs. Following them in
importance, the following focus areas were highlightelromotion of innovationmeasuring and
assessing environmental impaetvironmental issugesandlegislation

Experts advocated for three collaborative methods between industry and educational institutions: the
collaboration of industry experts in the elaboration of the curricula, the organisation of internships,
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the apprenticeships or cooperative educational programs, and the implementation of collaborative
projects between educational institutions and industry.

Industry Managers and Heads of Education were identified as the highest priority group for training,
reflecting their influential roles in shaping industry practices and educational progsiaisle-
Management Positions and Teachers followed closely in priority, recognizing their pivotal roles in
disseminating knowledge and practices. Workers and students earsidered in the last priority.

Regarding the optimal training formats to ensure a timely preparation to the green transiiothe

job training has been universally acknowledged as the most effective format across all groups of
occupations. The following types of training format selected inciyddinars combined witbn-the-
jobtraining and MOOCS, Blended apprenticeshipsiierand inclass)andLifelonglearning. Regular
educational programmeare only considered relevant to prepare students and workers.
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10. General esults andconclusions

The GREEN project report directs its focus on six industrial sectors pivotal for steering the green
transition. These sectors, categorized by their maturity, encompassestblished fields likeefence

and automotiverequirea shift to more sustainable practices. Conversely, emerging sectors, such as
batteries and additive manufacturing, present opportunities to embed sustainability from their
inception, impacting diverse areas lidefence energy, and transportation.

In the green transition journey, the energy and marine technologies sectors form a hybrid category,
amalgamating both traditional and emerging ssictors. This amalgamation demands a skilled
workforce capable of orchestrating a seamless transition toasnable practices. Across all these
sectors, a unified effort from policymakers, educators, and employers is imperative to equip the
workforce with the requisite skills for the challenges ahead.

Brief Descriptions of the Sectors:

Additive manufacturingis a new approach to industrial manufacturing where a physical object is
created by overlaying layers of material. Although there are different 3D printing technologies and
materials, all are based on the same principle: a digital model is turned imtiide8® physical object

by adding material layer by layer. Additive Manufacturing emerges as a versatile tool with applications
acrossdefence energy, and transportation sectors. Key players include Germany, Spain, France, UK,
Italy, and Belgium.

Automotive Industry:A substantial economic force, the automotive sector is undergoing

The Automotive Industryncludesa broad range of companies and organizations involved in the
design, development, manufacturing, marketing, and selling of motor vehicles. It is one largest
economicsectorin terms of revenue.

As part of the Mobility industrial ecosystem, the automotive industry is undergoimgnsformative

shift driven by electric vehicles, connected and autonomous vehicles, armtemand mobility
services. Key employment hubs include Slovakia, Romania, Sweden, Czech Republic, Hungary, and
Germany.

Lithium-based batteriespower our daily lives from consumer electronics to natiotkeflence They
enable electrification of the transportation sector and provide stationary grid storage, critical to
developing the cleargnergy economyBattery production itself is not without environmental impact,

the battery production uses rare metals and significant energy and water resources during the
manufacturing processit the moment the main trend in the green transition is to gain maximum
use of existing batteeis through circular value chain, especially through second life and recycling.
Sweden and Spain are identified as primary advanced battery countries, with Germany anticipated to
lead in this field.

Defence:Encompassing the design, construction, and maintenance of military systendeféece
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sector adheres to rigorousilitary standardsThe sector includes some large multinational companies
collaborating with a large range of small companies all over the EU, and all of them usually also
produce for the civil sector. Major players in Europe are distributed across Germany, the Czech
Republc, Austria, UK, Sweden, and Poland.

EnergyA linchpin for the green transition, the energy sector embraces wind, hydro, and solar energy
sourcesSolar energyrs showing an exponential rise in its usage over the last decade, comprising both
the production of electricity through light energy and thermal energy. Leading countries include
Germany, Spain, Netherlands, Denmark, and Cyprus, with emerging investexpstsed in Italy,
Greece, and Latvia.

Maritime Technologies:Intertwining shipbuilding and offshore renewable energythis sector
demands new capacities for success in a digital, green, and knowdieiga economy. Key trends

for the green transition in shipbuildingiwvolve the exploitation of alternative fuels and green
retrofitting. Leading countries are Italy, Germany, and France, with the UK, Spain, the Netherlands,
Finlandand Romania The offshore renewable energy sector includes fixed offshore wind, the most
mature subsector, as well & floating offshore wind and ocean energy with different degrees of
readiness. For fixed offshore wind energy, the major players are the UK, Germany and Denmark. For
ocean energy technologies and floating offshore wind projects, France leads the rdakavged by

the UK, and the emerging Portugal.

Considering ageographic crossectoral approach the leadership and contributions of specific
countries stand outGermanyconsistently emerges as a key player, notably in additive manufacturing
and the automotive industry, reflecting its robustmmitment to sustainable technologies. Spain and
Sweden take the lead in advanced battery technologies, while the United Kingdom, with its expertise
in offshore renewable energy, contributes significantly to the green landscape. France, renowned for
its prowess indefenceand offshore renewable energy, demonstrates a multifaceted approach to
sustainability.

Moreover, Italy, Belgium, and the Netherlands feature prominently in the additive manufactumthg
maritime technologies sectors, illustrating a collaborative European effort in the green transition.
Eastern European countries, including the Czech Republic, Romania, and Poland, play pivotal roles in
defence and automotive, underlining the distributed nature of sustainable practices across the
continent.

Key occupations for the green transition

In each sector, the key occupations crucial for the green transition have been discerned through a
comprehensive analysis of both the outcomes of previous blueprint projects and the insights gathered
from the GREEN focus groups. The identification praesssted in the recognition af5occupations,
with engineering positioneemerging as the predominant category, closely followedranagerial
roles. Notably, only ae occupatiort naval architect in defence and maritime technologiesas
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A deliberate consideration has been given to roles that can significantly drive the green transition.
Designersholding responsibility for material selection, manufacturing processes, and product design,
emerged as pivotal contributor€Engineers pivotal in assessing material suitability and devising
solutions for environmental sustainability, also assumed crucial rélesearch and development
roles are anticipated to wield substantial impact, particularly in emerging sectors, focusing on
recycling forcircular economy objectives and fostering innovation processes.
Digital and data specialistare identified as contributors, integrating digital solutions for efficient data
management and ensuring the cybersecurity of green technologies and practices. Although in the
most automated sectors it is considered that thygerational employee I y Q (i
environment, this group including assemblers and other operational roldsas been included in
additive manufacturingdefence and maritime technologies, emphasizing their role in ensuring both
efficiency and environmental consciousness in production processes. However, it's worth noting that
training roles have been recognized as relevant only in the automotive sector, but their potential
significance across sectors warrants consideration.

AAIYATFAON yit

Table 10.1List of most relevant occupations for the green transition in the six targeted sectors.
Repeated occupns aremarkedwith *

Sector

Occupations

Additive Manufacturing

AM Designer

Metal AM Process Engineer

Automotive

Advanced powertrairengineer

ECQA Certified Innovation AgerRroduct Innovation

e-powertrain engineer

Innovation Manager

Lean Manager

[ATS /e80ts ! a

a8aavYSyi

al

Logistics and Supply Chain

Machine Operator

Powertrain Engineers

Production Manager

Quality Manager

Recicling specialist

Sustainability Managers

Training Manager

Batteries

Battery System Engineer

Chemical metallurgist

Chemical process engineer

Embedded system designer

Energy systems engineer
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Environmental miningngineer

HV Battery Engineer

ICT system integration consultant

Industrial engineer

Manufacturing Engineer

Mine planning engineer

Mining engineer

Defence

Aerospace engineer

Crew members

Database designer

Database scientist

Mechanical engineer

Naval architects*

Software architect

Energy

Energy systems engineer

ICT security engineer

project engineer

Research engineer

Solar energy technician

Maritime technologies

Alternative fuel engineer

Marine Engineer

Naval architect*

ORE engineer

Vessel engine assembler

Out of the 45 occupationgwo were highlighted for their crossectoral contribution to the Green
Transition:Thelnnovation Manager and the Training Manager. A wide agreement was achieved when
consulting the experts during the cressctoral focus group. Besides, a list of cresstoral
occupations was proposed to be taken into considergtiomcluding data scientists andl,
sustainability and environmental managers, reliability engineer, designers and repair and

maintenance occupations

Innovation Manager

Training Manager

Strongly disagree

Human Resources Mcsger

Strongly agree
agree

designer

data scientists and ai
life cycle assessment
repair maintenance data engineers

reliability engineer

Figure 10.1Degree of agreement of the crassectoral focus groupxperts withthe three pre selected crossectoral
occupations with major contributions to (ranked from 1, strongly disagree to 5 strongly agreg)ist of suggested

occupations to be considered.
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The occupationsvere grouped according timeir main roles in the value chaimndthree groupswere
pointed for their cross sectoral contributions to the GREEN transismstainability and Environment
Management,InnovationManagement and Research. The experts in the esestoral focus group
agreed with this selection, and also pointed the relevance of the digital rifiessycleand waste
management, as well as operational processes.

Skills for the green transition
While specific skill needs for the green transition can be identified and anticipated, it is imperative to
emphasize the necessity for an attitudinal abdhaviouralshift that complements the already
identified skills within different qualification frameworks, as outlined in the GREENCOMP. The ESCO
labelling framework emerges as a pivotal tool in this landscape, providing a standardized and
comprehensive approach to recognizing and assessing individuals' proficiency in these critical fields.
It is noteworhy, however, that not all selected occupations are encompassed within the ESCO
database.
For certain sectors, diverse sources of information have been considered to delineate the skills for
each occupation:

1 Additive Manufacturing:2 occupations from IAMQS + 2 occupations from ESCO

1 Automotive: 3 occupations described by DRIVES + 1 occupation from ESCO

{1 Batteries:3 occupations from real job descriptions + 7 occupations from ESCO

Each occupational profile's associated skills, competencies, and knowledge have been summarized.
The skilldabelledas GREEN in ESCO underwent thorough review, and discussions in the focus group
led to the identification of new green skills proposed for addition to the selected occupations.
Furthermore, there's a proposal to augment the list of ESCO green skillsedmaad by including

new terms, and on the other by infusing a green approach into certain skills related to the selected
occupations. Thisdzomes particularly pertinent when addressing research and development roles.
Finally, in the sectoral analyses for additive manufacturing, automotive, batteries and defence, a
classification has been suggested, categorizing the remaining skills and #gevds white and
brown.

Additive Manufacturing (AM):

In the realm of Additive Manufacturing, the ES@@abase initially tagged only two skills as green
"Ensure compliance with environmental legislation" and "Waste management," both corresponding
to the AM Operator occupation. However, a comprehensive analysis identified a broader set of skills
essentialfor embedding a green approach across the sector. A total of 20 skills and 16 knowledge
areas have been identified as pertinent for the green transition. Notably, transversal skills such as
creativity, critical thinking, and green thinking are deemed @ilueicross all AM occupations.
Additionally, for whitecollar positions, a focus on life cycle analysis and resource efficiency
management is recommended.

Pagel62of 209



<REEN

the Greener European VET Network

GREENZ1

Table 10.2 List of skills selected for their contributions to the Green Transition in Additive
Manufacturingjndicating if theyexistin ESCO tagged as gre#énhey are not considereth ESCOut
couldbe tagged as green, or if they should embed a green approach.

SKILLS/ KNOWLEDGE title SKILL/KNOWLED(
Existing in Ensurecompliance with environmental legislatior SKill
ESCO, tagge( Waste management Knowledge
green
Not ESCO, | Resource efficiency management Skill
could be Reuse/recycling AM materials and products Skill
tagged green
Adjust engineeringlesigns Skill
Advise client on technical possibilities Skill
AM materials and properties Skill
AM processes Skill
Create solution to problems Skill
Creativity Skill
Critical Thinking Skill
Design principles for AM Skill
Determine suitability of materials Skill
Draft design specifications Skill
Engineering principles Skill
Ensure conformity to specifications Skill
Identify customer's needs Skill
Should embed Maintain additive manufacturing systems Skill
Green Managecorrective actions Skill
approach Perform machine maintenance Skill
Post Processing Skill
Set quality assurance objectives Skill
Simulation Analysis Skill
Simulation tools Skill
Think Additively Skill
Work safely with machines Skill
Create new oredesign existing 3D models using Knowledge
CAD tools taking advantage of AM
Design AM parts Knowledge
engineering principles Knowledge
Interpret process specific part or assembly Knowledge
requirements
Liaise with other technical areas Knowledge
Life cycle analysis Knowledge
Maintenance of printing machines Knowledge
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Maintenance operations Knowledge
manufacturing processes Knowledge
metal joining technologies Knowledge
metalworking Knowledge

processes and parts

Providesolution-based approaches to redefine | Knowledge
design problems (Design thinking) within AM

Quiality assurance procedures

Knowledge

processes to design considerations

Relate the capabilities and limitations of AM Knowledge

Select simulation tools to be used in the Design| Knowledge

AM parts
supply chain management Knowledge
types of metal manufacturing processes Knowledge

Automotive:

In the Automotive sector, theFEO database identifies 47 skills andkB®wledge descriptors for the

selected occupations. Moreover, a detailed examination led to the identification of 29 skills crucial for
the green transition. These include skills not explicitly categorized as green in ESCO but are undeniably
green in natue. The skills span various domains such as air and water pollution analysis, energy
management, electronics recycling, and sustainability in the design process. The integration of these

skills aligns with the sector's shift toward environmentally respdagioactices, particularly in roles
like sustainability managers, recycling specialists, powertrain engineers, and lean managers.

Table 10.3 List of skills selected for their contributions to the Green Transition in Automotive,
indicating if they exist in ESCO tagged as green, if they are not considered in ESCO but could be tagged

as green, or if they should embed a green approach.

SKILLS/ KNOWLEDGE

SKILL/KNOWLEDGE

Existing in
ESCO, tagge
green

advise on corporate social responsibility

advise on sustainability solutions

advise on sustainable management policies

advise on waste management procedures

analyse environmental data

assess environmental impact

assess the lifeycle of resources

carry out environmental audits

carry out training in environmental matters

compare alternative vehicles

conduct research on food waste prevention

coordinate environmental efforts

coordinate shipments afecycling materials

Skill
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describe electric drive system

design hybrid operating strategies
design indicators for food waste reduction

develop food waste reduction strategies

develop recycling programs

educate on recyclingegulations
Ensure compliance with environmental legislatic

evaluate vehicle ecological footprint

follow procedures to control substances
hazardous to health

follow recycling collection schedules
identify new recyclingpportunities
inspect recycling procedures

maintain recycling records

manage environmental management system

manage recycling program budget
measure company's sustainability performance

mitigate waste of resources

operaterecycling processing equipment

promote environmental awareness
research recycling grant opportunities
train staff on recycling programs

train staff to reduce food waste

use sustainable materials and components

biodiesel

circular economy

climate change impact
corporate social responsibility

electric motors
emission standards

energy efficiency

energy saving potential of automated shift

systems Knowledge
energy storage systems

environmental legislation

environmental management monitors

environmental policy
fuel cell types

global standards for sustainability reporting

green computing

hazardous waste storage
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hazardous waste types

hybrid vehiclearchitecture

Waste management

lean manufacturing

sustainable finance

waste management

Not ESCO, | analyse environmental data Skill
could be Leather Recycling
tagged green| Life Cycle Management
Paper Recycling

Plastic Recycling
Sustainability in Design Process

Sustainability Management
Sustainable Design

Air and Water Pollution Knowledge
Electronics Recycling

energy management

Should Battery Outlook SKkill
embed Innovation Vision 2030
Green Product Lifecycle Management
approach Textile Recycling
Advanced Powertrains Knowledge

Battery Management Systems
Battery Systems

Electric Powertrain

Electrical Energy Storage
Energy Transformation Systems
Environment and Society

Fuel Cell Powertrain

Fuel Cell Vehicles

Fuel Cells

hybrid control systems

Lion Batteries

New Upcoming Vehicle Technologies
teamwork principles

Batteries:

The Batteries sector faces a unique challenge where certain key occupations lack explicit green skills
in the ESCO database, possibly due to their primary existence in research and development. Emphasis
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on practical environmental topics, especially recycling and setifngrocesses, is recommended
during training. A meticulous analysis identified 29 skills and knowledge areas vital for the green
transition. While 15 skills and 7 knowledge areas are doimthe ESCO database, there are two
additional skills which are not included as such in ESCO, but that are clearly green skills, and five more
for which we would recommendmbeddinga green approach.

Table 10.4List of skills selected for their contributions to the Green Transition in Batteries, indicating
if they exist in ESCO tagged as green, if they are not considered in ESCO but could be tagged as green,
or if they should embed a green approach.

SKILLS/ KNOWLEDtlE SKILL/KNOWLED(
Already adapt energydistribution schedules
existing In advise on heating systems energy efficienc
ESCO and : -
advise on safety improvements
tagged as i
green analyse energy consumption

assess environmental impact
assess the life cycle of resources
carry out energy management of facilities

communicate on the environmental impact
of mining

develop environmental policy

Ensure compliance with environmental
legislation

identify energy needs

manage environmental impact

mine dump design

promote innovativeinfrastructure design
promote sustainable energy

biology

electricity consumption

energy performance of buildings
environmental engineering Knowledge
geology

renewable energy technologies
solar energy

Not ESCO, Design battery recycling systems

could be Improve processing routes for battery Skill
tagged green | primary resource extraction

adhere to safety procedures
ensure compliance with legislation

Skill
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Should embed ensure compliance witkafety legislation

Green maintain standard specification documents
approach

Prevent safety hazards

Defence

In the Defence sector, the review focused on essential skills and competencies, none of which were
initially tagged as green in the ES@&tabase. However, an analysis revealed 18 skills and 11
knowledge areas that would benefit from embedding a sustainability approach to better address the
green transition. Notably, two skitisAdjust engineering designs and manufacturing procassesre
identified as common between the AM and Defence sectors. The transformation in Defence
underscores the significance of transversal skills, often referred to as-t2hsiry skills,” given the
sector's focus on innovation and the development of new technekgi

Table 10.5List of skills selected for their contributions to the Green Transition in Defence, indicating
if they exist in ESCO tagged as green, if they are not considered in ESCO but could be tagged as green,
or if they should embed a green approach.

SKILLS/ KNOWLEDGE SKILL/KNOWLEDG
Adjust engineering designs

Apply research ethics and scientific integrity
principles in research activities

Approve engineering design

Build recommender systems
Conduct research across disciplines
Create data sets

Create software design

Deliver visual presentation of data

Develop professional network with researchers
and scientists

Draft scientific or academic papers and technicd
documentation

Ensure aircraft compliance with regulation
Implement data quality processes
Manage intellectual property rights
Manage research data

Mentor individuals

Skill

Performscientific research
Promote open innovation in research

Promote the participation of citizens in scientific
and research activities

Aerospace engineering Knowledge
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Aircraft mechanics

Data models

Engineering principles
Industrial engineering
manufacturing processes
Production processes
Statistics

Systems development lfeycle
Visual presentation techniques
Web programming

Energy:

The Solar Energy sector, using the ESCO database, identified 2Xkjilseand 6 green knowledge
areas. information and working with computers skills. Additionally, hammdsccupations such as
technicians in the field should also work with machinery and specialized equipment, either connected
to the software or the hardwee part.

Concerning the skills for each occupation, the managerial skills, marketing, power electronics and
energy storage systems should be included in the Energy systems engineer, whereas for the solar
energy technician it is very important to know data qualitylgrocessing skills.

Table 10.6 List of skills selected for their contributions to the Green Transition in Solar Energy. All of
them are issued from ESCO and tagged as green in the database.

SKILLS/ KNOWLEDGE

adapt energy distribution schedules
Analyse big data

carry out energy management of facilities
Design passive energy measures
Determine appropriate heating and cooling
system

Determine the suitability ofmaterials
Execute feasibility study Skill
Follow health and safety procedures in
construction

identify energy needs

Install automation components

Install concentrated solar power systems
Install electrical and electronic equipment
Install photovoltaic systems

Maintain solar energy systems

Already
existing in
ESCO an
tagged as

green
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Mount photovoltaic panels work
ergonomically

Perform energy simulations
Promote innovative infrastructure
promote sustainable energy
Provide information on solar panels
Usedata processing techniques
Use measurement instruments
energy performance of buildings
environmental engineering
renewable energy technologies
Smart grid systems

solar energy

Types of photovoltaic panels

Knowledge

Maritime technologies

Maritime Technologies encompass a diverse set of skills, competencies, and knowledge areas listed in
ESCO, emphasizing energy efficiency, waste management, design, legislation, and environmental
impact assessment. Notably, while the Naaadhitect, Marine engineer, and Vessel engine assembler
have green skills listed as optional, the Alternative fuel engineer and ORE engineer have essential
green skills and knowledge. Expert recommendations further suggested adding specific skills and
knowledge, such as plant integration and fuel consumption for the Vessel engine assembler and
knowledge on energy storage and new materials for the Alternative fuels engineer and ORE engineer.

Table 10.7 List of skills selected for thegontributions to the Green Transition in the Maritime
Technologies, indicating if they exist in ESCO tagged as green, if they are not considered in ESCO but
could be tagged as green, or if they should embed a green approach.

SKILLS/ KNOWLEDGE SKILL/KNOWLEDC
advise on offshore renewable energies Skill
subjects

analyse energy consumption

Already assess environmental impact
existing in | @ssess hydrogen production technologies
ESCO and | conduct energy audit

tagged as | coordinate electricity generation

green design offshore energy systems

develop energy saving concepts
develop waste management processes
dispose of hazardous waste
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Ensure compliance with environmental
legislation

executefeasibility study on hydrogen
identify energy needs

inspect offshore constructions

perform project management

prevent marine pollution

prevent sea pollution

promote innovative infrastructure design
promote sustainable energy

provide information on hydrogen
research locations for offshore farms
research ocean energy projects

use sustainable materials and components
circular economy

energy efficiency

energy storage systems

environmental legislation

fuel cell types

International Convention for the Prevention
of Pollution from Ships
marine technology

maritime law

oceanography

offshore constructions and facilities
offshore renewable energgechnologies
renewable energy technologies
ship related legislative requirements
Smart grid systems

solar energy

Types of photovoltaic panels

types of tidal stream generators
types of wave energy converters
types of wind turbines

Could be ensure vessel compliance with regulations | Skill
tagged green
Should embed synthetic natural environment Knowledge

Green fuel gas Knowledge
approach

Knowledge

In total, 228 skills for the Green Transition have been identif&@i:skills and 25 knowledge areas
labelledas green by ESCO have been identified as relevant for the selected occupations. An additional
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list of 13 skills and 4 knowledge areas deemed critical for the green transition, though not yet classified
as green in the ESCO taxonomy, has been compiled. Moreover, a comprehensive list of 49 skills and
42 knowledge areas not tagged as green has beepqsed for embedding a sustainability approach.
Batteries, Energy, and Maritime Technologies emerge as sectors sharing significant commonalities in
green skills and knowledge.
Only a group o$ixskills and knowledges have been identified as relevant for at least three sectors

- Asses&nvironmental impact

- Ensure compliance with environmental legislation

- Identify energy needs

- Promote sustainable energy, and knowledge of renewable energy technologies

- Renewableenergy technologies

- Solar energy
The transversal skills arldhowledgefrom this list have been analysed in the cregstoral focus
group. From the six prselected, the experts highlighted the relevanc&oticalandGREEN thinki,
and also proposed to expand the list of transversal skills by addimgnunication skills, leadership,
teamwork, sustainability literacyand project management.

Creativity
o
Critical Thinking project management
46 [0} o
)
Green Thinking 2 ‘ Feamwork
a5 > talent expert  aisolutions
Innovation Vision 2030 2
39 o
Think Additively 3
38 leadership
Design thinking
37

Figure 10.Degree of agreement of the crassectoral focus group experts with the relevancé
green transition of the six transversal skills identified (ranked from 1, strongly disagree to 5 strongly
agree), and list of suggested transversal skills to be considered.

Skills supply for the green transition

The skills supply analysis integrated an examination of existing training provisions for selected
occupations, emphasizing the coverage of green skills. Specialized providers, particularly blueprint
projects and sectoral alliances, played a key role imitig for sectors like Additive Manufacturing,
Automotive, and BatteriesSustainability integration across disciplinesnerged as a crucial area for
improvement in regular training programs, with an emphasis on practical experiences fostering
transversalskills. During the crosssectoral focus group two other areas were also highlighted:
Measuring and assessing environmental impaandAdaptation of rapid technologies changes

In fostering collaboration between industry and educational institutionsthree methods were
endorsed: collaborative projects, involvement of industry experts in curriculum development, and the
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organization of internships, apprenticeships, or cooperative educational programs.

Across all sectors, there was consensus on prioritizing the trainiMpoégersin the indugry and

Heads of Educationto enhance their green skills and accelerate the transition. Recommendations
included adual focus on raising awarenessidmotivation along with technical training for the green
transition. ¢ KS aSOG2 NI f T2 Odzionsgndis drh ¥ae optin& raning farkasg S R
Blended apprenticeships, dhe-job training, webinars, and MOOCs were among the most
recommended to ensure timelpdustry preparationWhen discussing this point in the cresesctoral

focus group, webinars combined with training on the job and MOOCs were ranked as the two
preferredoptions.
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shipbuilding and marine supplies: consequences for European industrial and trade2palicy.

Maritime Technologies Skills StrategyATES Projecfpril 2022. DOI: 10.5281/zenodo.6676557

European Commission y Directord®eneral for Maritime Affairs and Fisherighe EU Blue

Economy Report 2012019.

Wind EuropeQffshore wind in Europekey trends and statisticZ019

M. Whitmarsh, C. Canning, T. Ellson, V. Sinclair, M. ThorogbedJK Offshore Wind Industry:

Supply Chain Revie®ffshore 2019 A report by Martin Whitmarsh into the UK Offshore Wind

Supply Chain.
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Ergas, loannis, Smyrnakis, G. Foresight scenarios identifying future skills needs and trends. Results of

the MATES projectMvw.projectmates.ell 2020

Sdoukopoulos, E. et al. Baseline Report on present skills needs in shipbuilding and offshore

renewables value chains. Results of the MATES Praject.projectmates.el 2020

ESCO databas$#tps://esco.ec.europa.eu

12. Annexes

12.4 Additive ManufacturingAnnexes

- Annex4.1 ¢ Occupation Skills

GREEN SKILLS CLASSIFIER
GREEN BROWN R'Vh14

GREEN SKILLS CLASSIFIER
GREEN | BROWN R, T113

ESSENTIAL SKILLS AND COMPETENCES ESSENTIAL KNOWLEDGE

Ensure compliance with environmental legislation Functionalities of machinery

Apply health and safety standards Machines tools

Follow work schedulle
Liaise with engineers
Liaise with managers

Maintenaince operations X
Quality assurance procedures X
Waste management

x [x | x| x

Manufacture metal additive manufacturing parts

Maintain additive manufacturing systems X

Operate precision measuring equipment

Perform machine maintenance X

Prepare parts for post processing
Remove processed workpiece
Set up additive manufacturing systems

AM OPERATOR

Troubleshoot

Use personal protection equipment
Work safely with machines X
Write production reports
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METAL AM PROCESS

3D PRINTING TECHNICIAN

<REEN

the Greener European VET Network

ESSENTIAL SKILLS AND COMPETENCES

AM materials and properties

AM processes X
Think Additively X
Design principles for AM X

Simulation tools

Post Processing x

AM DESIGNER

Engineering principles x

Simulation Analysis

GREEN SKILLS CLASSIFIER
GREEN BROWN RV 111

ESSENTIAL SKILLS

Estimate duration of work

‘GREEN SKILLS CLASSIFIER
GREEN BROWN WULINS

ESSENTIAL KNOWLEDGE

GREENI1

GREEN SKILLS CLASSIFIER

GREEN | BROWN RV
Design AM parts
Interpret process specific part or assembly requirements X
Create new or redesign existing 3D models using CAD tools
taking advantage of AM X
Associate the degrees of freedom of AM machines to the x
possibilities in terms of design
Relate the capabilities and limitations of AM processes to
design considerations X
Determine dimensional constraints and geometric X
tolerances required for AM parts design
Provide solution-based approaches to redefine design
problems (Design thinking) within AM processes and parts X
Select simulation tools to be used in the Design of AM
parts X
Liaise with other technical areas X X
Analyse simulation results X

ESSENTIAL KNOWLEDGE

types of metal manufacturing processes

GREEN SKILLS CLASSIFIER
GREEN 'BROWN WV 113

Analyse test data

metalworking

Ensure conformity to specifications

supply chain management

Set quality assurance objectives

manufacturing processes

Manage corrective actions

quality assurance procedures

ENGINEER

Determine suitability of materials

engineering principles

Draft design specifications

engineering processes

Create solutions to problems

metal joining technologies

X | x| x| x|x|x]|x

x| x| % || x|x|x

Identify customer's needs

ESSENTIAL SKILLS AND COMPETENCES

Adjust engineering designs

GREEN SKILLS CLASSIFIER
GREEN BROWN W' 11I3

ESSENTIAL KNOWLEDGE

3d modelling

GREEN 'BROWN m"'1.1113

GREEN SKILLS CLASSIFIER

Advise client on technical possibilities X 3d printing process

Create solution to problems X X Cad software X
Draft design specifications X Ict software specifications X
Identify customer's needs X Maintenance of printing machines X

Operate 3D computer graphics software X Maintenance operations X

Operate printing machinery Printing materials

Use CAD software X Printing on large scale machines

Use technical drawing software

Printing techniques

- Annex 42 Additive Manufacturingector FGparticipantorgansations

Position

Project manager
Doctoral Researcher

Researcher

Head of Technology & Skills and
Head of AMUK

Researche
Researcher

Chief Technologist

rganisation Country
EWF Standardisation Body  Belgium
Brunel University HIGH EDUCATION UK
IDONIAL ResearclCentre Spain
MTA UK Industry Representative UK
IMR VET PROVIDER IRELAND
IDONIAL ResearctCentre Spain
MTC VET PROVIDER UK
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GREENZ1
Project manager MERCANTEC Denmark
Professor LAK VET PROVIDER Germany

Head of project and development = Dansk AM Hub

- Annex4.3 ¢ Focus GroupMentimeter Results

IndustryRepresentative Denmark

Do you agree with the selected descriptors for
AM sector?

0 (o]
yes, the main yes, but should no, | don't
characteristics be improved agree
are the most
relevant

3D\

Do you think the AM sector should be considered as
critical for achieving a greener and more sustainable
future?

5
2
0

Yes, is one of Yes, but there No, | think it
the most are sectors shouldn't be
important ones with more considered as
for the green relevance than relevant.
transition. this one.

i

/3DN

Do you agree on the selection of most relevant
materials for the analysis of the Green Transition?

6

0 0
Yes, | think the Yes, but | would Idon't agree.
most relevant like also to
materials are consider in the
metal and analysis,
polymers. additional
materials.

/3DN
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GREENI1

Please prioritize for one to six the most relevant
segment of the AM value chain to be considered for
the Green Transition

Materials

_
4th Post-Processes
5th _ Allare equally relevant
7th _ End-of-Life

3D

Do you agree on the selection of most relevant

countries for the analysis of the Green Transition in
this sector?

2]
Yes, | think the Yes, but | would I dent agree.
most relevant like also to
countries to consider in the
analyze are analysis,
covered additional
countries.

5

o)
-

Do you consider this selection of occupations is
adequate, concerning the Green Transition?

Z

0 (0]

Yes, | think the Yes. but would make No

affected of the AM by adding other
™
Operator, AM
Engineer, AM
Designer & 30 printing

Technician
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