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Executive Summary

The research findings reproduced in this paper provide a snapshot of the issues which are at the heart
of the E4E project objectives, i.e. to addréss continuously increasing requirements wittgard to

the engineering profession and the engineering education. This calls for an enforcedtakeétnolder
cooperation between education providers, engineering professionals and the industry.

Challenges for thé’rofession

More young people can battracted to the engineering profession by exposing them at an early stage
to the contributions engineers make to society every day. It is also very important to increase the
number of female engineers and to attract more diverse talent to the profesfiom under
represented groups through scholarships, the development of mentorship and diversity/inclusion
training to existing professionals.

Another crucial issue which was highlighted in this report is the wider set of requirements a modern
engineer mst meet. Despite the main role of an engineer is still finding technical solutions, employers
expect that engineers will also take part in communication with different (often international)
stakeholders, become active team members, show high level o€aititinking, independency in
solving problemsFuture generations of engineers will not only need to be catalysts of technical
innovation, but will also play a leading role in addressing various social issues.

Despite facing challenges such as skiltatsiges, there are numerous opportunities emergifide
engineering profession is going through a phase of rapid evolution, with the development of the virtual
world and Al, which causes the disappearance of old concepts and the appearance of new ones.

When envisioning the evolution of the engineering profession, it's crucial to consider these emerging
trends, advancements in technology and the need for sustainability and energy efficiency.
Interdisciplinary approaches are also rapidly growing in impmeaand high quality engineering
services will play a crucial role in reaching the aims of the European Commissions Green Deal.
Considering this, it is essential to adapt the teaching programs of engineering to the new demands of
the job market. Measuresand activities in schools and neghool areas must be intensified in order

to stimulate technical education and enthusiasm for technology and to increase acceptance of
technology in society. Universities will have to find new ways to attract studentheio technical
studies and to reach out to the amlled Generation Z (born between 1997 and 2012) or, in the future,
Generation Alpha (born between 2010 and 2020). Young people absorb information in a completely
different way and also have completely diftnt expectations and ideas about their work and their
later professional life.

The future of engineers looks nevertheless promising, with significant job growth expected in various
sectors.An increased emphasis on sustainability and environmental concerns, in combination with a
greater use of automation and Al in engineering proesssill become the most important changes in

the engineering profession for the next five years (2@R27). Major areas for innovation and
technological development will be renewable energy and green infrastructdee.technology
continues to advance ariddustries become more complex, the demand for skilled engineers is set to
rise.

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
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Challenges for Education providers and other Stakeholders :

Due to the fast and ongoing technical developments in engineering it is not possible anymore to gather
all the required skills and competences for a professional lifetime during University education alone.
Lifelong learning (LLL) combined with professional experience becomes increasingly important. This
can only be reached by a close cooperation of all stakeholaetie engineering education and
profession.

Nowadays LLL is universal for the majority of professions due to the speed with which modern
technologies are developing. The engineering profession is at the top of the list of important
professional and tdmical skills.Mandatory courses in the formal curriculum for professional
engineers remain critically important for maintaining the high level of our enginBeitsin order to

deal with the complex and global societal challenges, future engineers ndedaguipped with a new

set of competences and upskill themselves all the time. This is what LLL isMisootredentials and
post-graduations are crucial for engineers to quickly get up to speed on the latest trends and
developments, so they can accommyathe evolution of their areas of expertise. Shtatm learning
formats enable the flexible and demaimdiented acquisition of competences. At the same time,
micro-credentials are a solution to the increased demand for shorter courses, both online brid hy
formats (blended learning) and are becoming more important in the context of continuing education
for engineers who are already working.

We must continue to foster and encourage collaboration between engineering professionals,
academia, and industrythrough networking events, conferences, and knowledbaring
platforms.Universities/technical schools and the industry are to develop a formal or informal
curriculum that aligns with the needs of the job market. The role of business in programs dingskil
and upskilling can be to directly drive such efforts and define the apprd@elpective of whether
future engineering curricula are formal, or through instruments that can be plugged into a formal
qualification structure, a significant challengehisw learning is organized to be synergized with
industry requirements. The skills and competences required by engineers are well established, but
they need refinement.

A nonnegligible share of newly created jobs will be in completely new occupatiansxisting
occupations undergoing significant transformations in content and skill requiremeatdnerships
between industry and educational institutions, together with investments and increased funding in
R&D in emerging technologies, are considered tiwvo most effective tools for addressing digital,
green, resilience and entrepreneurship skill shortages in the engineering profession. Modern
employers demand engineers who show a set of high level professional competencies. This trend gives
a great respnsibility to engineering Higher Education Institutions (HEIs), who need to develop the
demanded skillsContinuous professional development (CPD) programs, indastgemia
partnerships and regular skill assessments to identify emerging skill needsssamtial. Additionally,
promoting interdisciplinary education, providing relevant internships and apprenticeships, and
encouraging LLL can help bridge the gap between required skills and available talent.

The people surveyed in this research seem toaekedge that LLL and specialized training is required,
with universities providing the fundamentals and key principles, with technical associations and
professional bodies providing information to engineers on upcoming trends, and other providers such
asVET schools to provide specialized handcourses for specific skilBngineering is experiencing
Funded by the European Union. Views and opinions expressed are however those of the author(s) only
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exciting transformations driven by technological advancements, sustainable goals, and the move
towards digitization.

Educational institutions and engineeg programs should also include soft skill development courses
(proficiency in presentation, organization, leadership, conflict resolution, empathy, social awareness,
etc.) in their curricula. This should be made in a way to combine it with technidalakiliding an
overcrowded curriculumCritical thinking, collaboration and communication skills are considered the
most significant soft skills to work successfully in the engineering profession for making a promising
career. Engineers are best servedwitompetencybased learning and by an assessment of their
learning outcomes as the sum of what he/she is expected to know, understand and be able to
demonstrate after completion of a learning experience, i.e. knowledge, skills and wider competences
(attitudes).It is also widely acknowledged that engineering education should prepare engineering
students by exposing them to emerging technologies and their potential applications and that students
require more practical and handsn experience through interfgps and apprenticeships.

Companies can create a favourable environment for engineering entrepreneurship and startup
ventures. Together with governmental bodies they can provide for financial suppotpseentoring
programs and offer access to networksd resources for aspiring engineering entrepreneurs,
particularly with endeavours focused on sustainabiliastering closer collaboration between
industry and government agencies will ensure policies and regulations are conducive to growth and
that industry focuses on the correct priorities.

Meeting the UN Sustainable Development Goals:

HEIs need to keep up with the societal evolutions and monitor modern engineering trends, because
technologies nowadays are changing very quickly and it is impatagive students knowledge that

will be relevant, not only in the short term, but also in the more distant future. To better prepare
engineers for the challenges of thes2dentury, the incorporation of sustainability principles in formal
engineering education and training courses is considered paramount. This will require changes in
curricula and CPD. Those should provide the means to support the adaptation of the SD&s into
SYaAySSNRa SOSNERF& LINI OGAOSO®

Traditional engineering disciplines such as mechanical, civil, electrical, and chemical engineering will
continue to be vital, but emerging fields like renewable energy, artificial intelligence, data science, and
robotics will become increasingly important. To meet these evolving needs, educational institutions
and training centers will develop programs that cover these emerging areas of engineering, ensuring
that graduates are welbrepared for the challenges and oppornities that lie aheadinterviewees in

this research also expect formal education to set the base line on matters of ethics and sustainability
for the new engineers as well as for professional bodies and technical chambers and associations to
provide follov-up sessions on the matter.

It is important for engineering education to find ways to educate engineers that can incorporate
sustainable values into technology development. Such trends give us hope that future engineers will
actively join the SDGs impientation and development of new sustainable and ecolfsggndly
technologies.The embracement of the SDGs needs to be adopted by higher education providers as
the primary framework steering engineering education, despite the fact that students alreadyts

have a high level of consciousness and understanding of ecological problems

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
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1. The European context

1.1 Analysis by ENGINEERS EUROPE
1. Introduction:

¢CKS 2LISNIGA2YIf 202SO0GAGS 2F GKS a9y3IAYSSNAE F2NJ
education, training and industry, while operationalising EU competence frameworks. In the light
thereof, a European Engineers Skills Council has been isk&hl which aims to become an
international, sustainable and ongoing observatory for the analysis and forecasting of engineering
competences to meet new career profiles and from which lifelong educational needs will emerge.

With the involvement of acadmric authorities, stakeholders and experts from the world of work, the

Council will aim at designing a monitoring methodology to gauge the dynamics, challenges and
opportunities of the engineering profession, presenting and discussing examples of innaradive

effective practices at ha# SI NI @ YSSGAy3ad ¢KNRdAK Ada 22N]Ay3
publish reflections and recommendations on the evolving engineering profession, providing guidance

to local, national and European authorities, as veallto public and private institutions which are
interested.

In Europe, ten thousands of engineering students finish university education every year. They enter
the labour market with sets of competences based on their personal experiences and thadsstudi

This preliminary and first Research Report is an attempt to try to find answers if they are really
prepared for the jobs society needs anifl not - what recommendations can be made? What are the
demands of the employers and are these graduatesytedjuipped to fully engage with these
expectations? Are universities up to speed? Do we have sufficient evidence to answer those questions,
can they be compared and can we identify and formulate solid recommendations? Can we pull
together the requirementérom industry and can we see them reflected back into education? Which
future technologies, according to industry, will be in demand and are likely to be adopted in the years
to come? Which disciplines are likely to decrease or increase in demand aclosisies?

Of course, not all these questions can be answered all at once, but in this paper we have made a first
indicative attempt, based on a survey, three interviews with representatives of respectively research,
business and the academic field, ade@roup meeting, existing literature and publications.

By this research ENGINEERS EUROPE wishes to demonstrate its leading role in the E4E project and to
assist European policy shaping through independent study and engagement as an impartial adviser.

2. Quantitative Research

2.1 HESurvey

From 15 May 2023 till 14 July 2023 ENGINEERS EUROPE launchetineveurweys Europeide,
consisting of 33 closed questions addressing individual engineers. 3045 fully completed answers from

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
and do not necessarily reflect those of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.
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the ENGINEERS EUROPE network were received, of whichned &lie the802 applicable ones for

the 7 countries represented in the Ed4Bnsortium: Belgium, Germany, Greece, Spain, Ireland,
Portugal and SlovakiaBecause some questions occurred in both surveys, we represent herewith the
outcome to 20 of them. This ia small sample and must be considered exploratory, but they do shed

a light on perceptions of the issues in question. The resulting hypotheses from these answers seem to
be validated by research.

1. Please select the option that best describes your st

“p

= | am an engineering student = | am an intern

= | am an engineering profession=ll am an engineering academic

2. Which industry or sector do you work in?

Utilities  me——— 10
Structural —— T TE—————————— 3O
Mechanical S — e /()
Manufacturing S (5 )
Local Government s 13
Fire and Safety mmm 4
Environmental m—————— 20
Energy m————— 57
Electrical/Electronic m.—————————————— /0
Education e O
Distribution  m————— 2 (
Construction meee——sssssssssssss———— 37
Consulting e ————
Computing/Software m——————————— /2
o mm I
Chemical and Processmees———————— /|
Building Services m—— )2
Asset Management s 14

0 10 20 30 40 50 60 70 80 90 100
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3. How many years of experience do you have in the engineering profession or related field?

Not applicable . 29

5-10 years - 79
3-5 years - 66
< 3years _ 120

0 100 200 300 400 500 600

4. What is your gender?

= Male =Female = Non- binary

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
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pd 'aAy3a | al0ltS FITNRBY wm (2 pI ¢KSNBA M AS/ER A0S HIlSN

AA3IYATAOL vy thé percdiveddt expdctedpoterBial changes in the engineering profession
over the next five years:

Not answered

5 Extremely significant

4 Very significant

2 Somewhat significant

1 Not very significant r

20 40 60 80 100 120 140 160 180 200

o

More interdisciplinary collaboration between engineering and other fields such as medicine and social
sciences
m Advancements in materials science leading to new products and technologies

m Greater use of automation and artificial intelligence in engineering processes

B Increase emphasis on sustainability and environmental concerns

6. Using a scale from 1 055 g KSNBE ™M AYyRAOIFI(GSa ¢y20 OSNEB aidy;
AAIYATAOLYyGés LI SIAaS NIXGS GKS a2Fid alArfta ySSRSK
to make a promising career.
250
200
150
100
) I I I
1 Not very 2 Somewhat 3 Significant 4 Very significant 5 Extremely Not answered
significant significant significant
® Communication skills m Leadership skills m Collaboration skills

Critical thinking skills m Time management skillm Adaptability skills

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
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T® 'aAy3a I aolfS FNRY m (2 pX 6KSNBE ™M AYyRAOFGS
AAIAYATFTAOIYGeés LI SFAS NIXGS GKS F2ft26Ay3a OKIFffSy
encounters while adapting to the changing demands for skills andhpetencies.

ot answere
5 Extremely significant—_
O S e ———————
e ——
—

2 Somewhat significant g s—
h

-

-

S

0 50 100 150 200 250

1 Not very significant

B Meeting evolving client and stakeholder expectations
Addressing environmental and sustainability concerns
m Adapting to changing global, economic and political conditions
m Keeping up with emerging technologies and their impact on the profession

m Attracting and retaining a diverse workforce

8. Please rank the following initiatives in order of priority for attracting more diverse talent to the
engineering profession:

ot answered
5 Extremely significant g
A ey iGN AN iy
SRL Yy ———————— =
2 Somewhat significant o s
1 Not very significant g
0 20 40 60 80 100 120 140 160

® Reducing implicit bias in the hiring process for engineering positions
Offering diversity and inclusion training for engineering professionals and organizations

m Developing mentorship and networking programs for underrepresented groups in the engineering
profession

m Providing scholarships, fellowships, or other financial incentives to underrepresented groups pursuing
engineering degrees

m Increasing awareness and outreach efforts to underrepresented groups in STEM fields
Funded by the European Union. Views and opinions expressed are however those of the author(s) only
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G 'AAy3I F A0LES FNRBY M (2 pr 6KSNB M AYRAONGS
A& A3y A Feddd rhtd sviiat are the most promising areas for innovation and technological
development in the engineering profession to promote sustainable practices and SDGs.

Not answered

5 Extremely significant

4 Very significant R
3 SN —
1 11 L
2 Somewhat S|gn|f|cant—.
1 Not very significant :_—
0 50 100 150 200 250

® Sustainable manufacturing and materials ® Sustainable agriculture and food systems

m Digital technologies and smart cities Sustainable transportation

m Circular economy and cradle-to- cradle desmiGreen infrastructure

B Renewable energy
me 'aAry3d | ad0rtsS FTNRY WSHR AXIFKBNDL yali A YIRKDL i S
AAIAYATFTAOLYyGésT LIXSHaAaS NradS GKS YFAYy G§SOKyAOF 1
develop to contribute to the transition to a more sustainable economy.

~h
Q¢ S

NOF answirl |
e
5 Extreme|y signiﬁcant_

4 Very significant |t

3 Significant I,

 —

2 Somewhat significant-_
T

1 Not very significant F
—

0 50 100 150 200 250

m Familiarity with sustainable transportation m Ability to develop sustainable supply chain strategies
m Knowledge of sustainable manufacturing techniqumdroficiency in using life cycle assessment tools

B Expertise in environmental impact assessment Understanding of circular economy principles

m Knowledge of green building techniques m Understanding of sustainable design principles

®m Knowledge of renewable energy sources

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
and do not necessarily reflect those of the European Union or the European Education and Culture
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11. Using a scale from 1 to 5, where 1 iddi 4§ S& £éy20G OSNER &aAIYAFAOlIYyGE
AAIAYATFTAOLYyGéT LXSIFaAS NI GS o6KIG a20AS0FKt NRfS Sy13
efficiency.

Not answered

5 Extremely significant
4 Very significant

3 Significant
2 Somewhat significant

1 Not very significant &

0 50 100 150 200 250

m Invest in research and development of sustainable technologies and solutions

m Collaborate with other stakeholders, such as policymakers and NGOs, to promote sustainable practices

® Provide technical expertise and advice to business, especially SMEs to promote sustainable practices

Collaborate with other professionals to develop interdisciplinary solutions that leverage technology

m Influence and informing the public and policymakers on energy efficiency and renewable energy

m Conduct research on energy efficiency and renewable energy

m Demonstrate the implementation of new technologies for energy efficiency and renewable energy
MH® |aAy3a | al0FtS FNRY m (2 pI 6KSNB remelyy RAOI (!
AAIYATAOIYGEéS LI SHaAaS NIGS K2g eé2dz GKAY]l GKS Sy3
digital technologies to support SDGs and promote sustainable practices.

Not answered
5 Extremely significant g
4 Very significant | e
3 significant |
2 Somewhat significant g
1 Not very significant g
0 50 100 150 200 250
By leveraging blockchain technology to enable transparent and sustainable supply chains
m By promoting the use of digital platforms for sustainable collaboration and knowledge-sharing

m By using data analytics and Al to optimize energy and resources

m By developing new software and tools that facilitate sustainable decision- making

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
and do not necessarily reflect those of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.
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AAIAYATFAOLIYGeés LXSIaS NrdS ¢gKIFIG OKIFy3aSa akKz2dZ R o
programs to better prepare students for the evolving nature of the profession.

I
Mot o

5 Extremely significant
4 Very significant
3 Significant

2 Somewhat significant

1 Not very significant ;=

1

20 40 60 80 100 120
H More practical and hands-on experience through internship and apprenticeships

Exposure to emerging technologies and their potential applications in engineering
m Greater focus on soft skills development, such as communication, language skills and management skill
H Integration of sustainable and ethical practices into the curriculum

® More emphasis on interdisciplinary and cross-functional collaboration

Mn ® PaAy3 | alFfS FNRY dak NiIRRép I yoRK SINBY Sal yAdy ReALOH Nit
rate what new approaches to formal engineering education and training are necessary to prepare
engineers for the challenges of the 21st century.

. m Development of flexible, customized
Not answered o
. and short training programs
5 Extremely significantﬁ_ m Integration of emerging technologies
and practices into the engineering
R — curriculum
4 Very significant
ﬁ— ® Emphasis on communication and
e collaboration skills in engineering
N
r Integration of hands-on and
2 Somewhat significant-_ experiential learning opportunities
1 Not very significant [ | _Greater focus on soc_lal ar!d ethical
| issues related to engineering

o
N
o
N
o
(o))
o
(o]
o

100
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15. Please rank the following CPD courses in order of priority, ih@pgour top priority choice:

Not answered
m Innovation and sustainability (SDGS]

5 Extremely significant
Ethics in engineering

4 Very significant
m Soft skills development (language
skills, writing skills and overall

3 Significant communication skills)

m Technical skills development in your
specific field of engineering
2 Somewhat significant

m Entrepreneurship and leadership

(management skills)
1 Not very significant

)i

o
[EEY
o
N
o
w
o
N
o
a1
o
(o2}
o
\‘
o

16. In your opinion, which engineering discipline will have a serious concern due to the future
shortages of skilled engineers (3 options max.)?

Transport mEEEEEEE——————— |3
Process maaeesssssssssssssmmm 19
Pharmaceutical m——— 6
Mechatronics IEEEEEEEEEEEEEEEE——— DD
Mechanical T TS )/
Materials EEEEEEEEESESSSS——— D)
Manufacturing S )/
Geotechnical mS—————————SSSSSS————— 05
Fire and Safety meeeeeeeeeee——————— 13
Environmental . /6
Electrical/Electronic . 4.3
Computing/ICT . 4 7
Civil . 36
Chemical e sessssESSSS—— 0/
Biomedical meeee—eeee—— 0
Agricultural . 4.6
Aeronautical TEEEEEEEEE————— ]S

0 10 20 30 40 50 60
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MT® 'aAy3 | adlfS FNRY m (2 pESKHKSENSSmiMETRIOE (157
please rate how can engineering professionals better collaborate with other stakeholders, such as
policymakers, NGOs, and civil society organizations, to achieve SDGs?

ot answered |
5 Extremely significantt Engagement with _Ioc:_;ll communities an(
civil society organisations
4 Very significant ﬁ B Participation in policy-making and

decision-making processes

3 Significant e — ® Joint initiatives and projects with

stakeholders

2S hat signifi t- . . . .
omewnat signiican m Regular meetings and discussions with

L stakeholders
1 Not very significant h

0 20 40 60 80 100

My® ! AAy3 | &a0FtS FTNRY WMSAERA @S¢ SHOERIBES WSI ERIE G F & i
please rate the following policies and initiatives at regional and national levels to address digital,
green, resilience, and entrepreneurship skills shortages/mismatches in the engineering profession

T —
N O NS e € — fax
e UsSac

S Extremely significant e

1 Not very significant i
0 10 20 30 40 50 60 70 80 90 100

H Collaborate to develop micro-credential with input from universities and the private sector to effectively tackle challenge
related to digital, green, resilience, and entrepreneurship skills shortages/mismatches in the engineering profession

m Increase funding for research and development in emerging technologies that require new skills and competencies
Provide tax incentives for companies that invest in sustainable practices and green technologies

m Encourage universities and technical schools to collaborate with industry to develop a formal or informal curriculum tha
with the needs of the job market

m Establish public-private partnerships to fund and support training programs

m Provide financial incentives for companies to invest in employee training and development programs

UNTUCU Uy OIS U TS oa T o VISV QU DD ITIUIID G/ OO0 U TS TIUTE O VST UIUOS U LTS Gia

T\ Yy

and do not necessarily reflect those of the European Union or the European Education and Culture
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1
ke
1
5 Extremely Significanti

4 Very significant

1
helaly
I
2 Somewhat significant=
|

1 Not very significant fo=
¥y sl .

0 10 20 30 40 50 60 70 80 90 100

m Encourage interdisciplinary collaboration and innovation within the engineering community through workshops
seminars etc.

Develop partnerships with business incubators and accelerators
m Provide advise on funding and startup support for engineering-related ventures
m Creating a network of business and advisors

m Providing short entrepreneurship training and education programs

Hn® aAy3 | &a0FftS FNBY M (2 pX 6KSNB ™M AYRAOIGS3
please rate the specific measures you believe should be taken to encourage an entrepreneurial
mindset among engineers.
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5 Extremely significant_
4 very signifcant | ——
3 signifcant |
2 Somewhat significant=
1 Not very significant r

0 10 20 30 40 50 60 70 80 90

Encourage partnerships between engineering schools and local businesses to foster entrepreneurship
m Create financial incentives, such as tax breaks or grants, for engineering startups
m Offer training programs on entrepreneurship and business management for engineering students

H Provide business incubators and accelerators for engineering startups

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
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2.2 Interviews
2.2.1 Digitalizatio : The Voice of a Researcher on Artificial Intelligence

In this research, we sought guidance and inspiration from forvtlirtking people such as Yoshua
BENGIO, one of the founders of Atrtificial Intelligence. Prof. Yoshua BENGIO is professor of computer
science at the University of Montreal and scientific director of the Montreal Institute for Learning
Algorithms. Back in 2017, he was one of the initiators ofMwomtreal Declarationwhich called for

more ethical artificial intelligence. Along with Geoffrey HINTON and Yann LeCUN, Yoshua BENGIO won
AY Hnamep GKS a¢! wbbD tNATSé¢X LINBlGGEe YdzOK G(KS b2o
developmentoft RS S LJ £ 5| &dCiSofA tNat led to unprecedented breakthroughs since 2010.

In 2022, BENGIO was the most cited scientist in the world

Being one of the founding fathers of Artificial Intelligence, he is today very worried about his invention.

In 10 years, systems caluhlready be smarter than us, he believdsalivays thought we should try to

imitate human intelligence. Now | think that would be a big mistake

GL RARYUdG dGF1S GKS RIFEY3aISNR 2F !'L aASNARA2dzaf @
Interview with Mr Yoshua BENG

How can we understand the radical changes our world is undergoing?

About five years ago, big companies like Facebook and Google started competing with each other in
buying up Al starups. It became clear then that we had to switch tracks. This wdsnger a purely
intellectual exploration for science, we had to really think about how the technology would be used.
But the momentum that the technology has entered in 2023 scares BENGIO outright. "DE STANDAARD"
talked to him via video link about the filing developments in recent months and his growing
concerns.

What is your biggest concern?

The uncertainty and extent of the damage that can be done if we build machines that are smarter than
ourselves. The technology can also be abused or used imaiseiway. Both scenarios could have
catastrophic consequences.

When did you get the feeling that things were going faster than you expected?

It happened gradually, over the past few months, as | became more familiar with Chat GPT and later
GPH4 andthought and talked about it with colleagues from all over the world. BENGIO himself was
the founder of the technology behind language models like -&BT(the Al system that drives
ChatGPT) and its successor @PWhen 20 years ago he started training redunetworks (computer
programs inspired by how brain cells work) by feeding them with &%t started with very small data

sets and very small neural networks, but the results were interesting anyway. In 2014, a new element
was added: an attention mecham, which allows the language model to better take context into

1 We herewith reproduce an Interview by Dominigue DECKMYN with Prof. Yoshua BENGIO, published in the Belgian
YSsaLll LISNE a5S { il sdRibnjoNIR duly 2023. Qrikgirsal xenasSri DEitghR
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account. When we did that at university, it worked just a little better than existing systems, but it
wasn't really impressive. But Google built a bigger neural network, trained it on meaeadd did
some good engineering on it. The result was stunning. Then we started to see the effect ofigzaling
we don't actually need to modify the recipe of those neural networks that much, we just make them
bigger, train them longer and on more datadathey get amazingly better.

So, what exactly was it that you had not seen coming?

| thought the systems, even with so much training data, would fail when faced with new questions. But

that turns out not to be the case. You can still get the systeniaitobut you already have to make a

real effort to do so. Many people would also fail to answer the same questions correctly. So, | realised

that we have reached some really important milestones. We passed the Turing test, the moment when

you can no longr tell humans and machines apart when you interact with them by typing text.
hFFAOALIE @ (GKIFG KFEayQild KIFLIWSYSRE o6dzi Ay LINI OGAOS

In recent months, concerns about developments have been growing. What is currently going wrong?

In fact, something good is just happening: more people are becoming aware of the dangers that may
lie ahead. First it was the people who designed the technology and set up the companies around it.
But politicians have also started getting involved, whickidry important. | am convinced that there

are ways to build secure Al systensystems over which we cannot lose control, and which can really
help humanity. The problem is: if we know how to build safe Al systems, then we also know how to
build the damyerous oneg so, how do we prevent such a thing from happening ? And that is a political
question, not a technical one.

Europe is working on an Al Act. Are we on the right track?

| fear that this is a very cumbersome instrument, wigserything is evolving very fast now. We need

a regulatory body that can quickly update its rules when new potential dangers emerge. There is also
an interesting Canadian bill, which splits the role of the law and of the regulatory body in a flexible
way.But these laws were designed even before ChatGPT and before the current debate about the loss
of control and the threat to democracy. More checks on those potential dangers need to be built in. |
understand that the G7 committee on Al guidelines will co@sall the dangers and that is good.

Several Al industry frontrunners, such as OpenAl boss Mr Sam ALTMAN, openly state that they see
great dangers and are pushing for regulation. How sincere is ALTMAN in this?

| don't know him well enough to answer thatle looks sincere, but on the other hand: declaring that
regulation is needed and then saying that European legislation cannot possibly be respected does not
sound very coherent.

Open Al did not invent the technology behind ChatGPT, but it was thetdinstarket. Was that
irresponsible?

We don't actually know exactly what's in their system. But we have indications that they brought
together several existing elementas happens more oftenand they did that remarkably well. | think
they certainly staed with a strong intention to address the risks, including the risk of loss of control.

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
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| read that they might let that concern wane a bit because of commercial pressures and the race they
are in now, but | cannot say that for sure.

Yann LeCun, that o#n godfather of Al, thinks it is pointless to worry about superintelligence at this
point, because we are still miles away from it.

That's not what he's saying, | think. | think he agrees that we are on a track that will lead to machines
that are smartetthan us. And not just in a century's time. Maybe that horizon is a bit further away for
him than for me, but that's not a fundamental disagreement. As | understand it, LeCUN thinks we need
not worry because we will be able to solve the problem when it gmésitself. | personally think the
stakes are far too high not to be as cautious as possible.

You signed the open letter calling for a-ginnth pause in the development of the most advanced Al
systems in March 2023. Would that help?

Yes, but itvon't happen. Even before the letter was published, | knew it would never happen. But the
letter had a positive impact: it sparked discussion. That's an impressive achievement.

So what should happen now?

Geoff HINTON said a few weeks ago: we need tndspe much on improving algorithms as on making
sure they are safe and that we protect the public. Researchers cannot do that on their own, we need
to work with lawyers, with people who understand ethics, specialists in cybersecurity and in nuclear,
biologcal and chemical weapons.

The big Al systems that are now evolving so fast, like4;Pdn they be made safe?

The problem is not with the architecture, although we can always improve it. It is mainly the way the
systems are trained that needs to changed | have some ideas about that. One way to make systems
secure is to guarantee that they have ragéncy (the ability to take initiative), that they don't even
have a notion of their own purpose or plan. All they do is try to understand how the works and

use that knowledge to help us solve questions.

Systems like GP'seemed to have no "agency", they just answer questions. But suddenly systems like
AutoGPT are coming out, which turns ChatGPT into a kind of autonomous acting assistant.hathat w
you call agency?

Yes, It is very easy to take something that serves as a kind of oracle that only answers questions and
turn it into an agent. After all, the agent only needs to know: of all the possible actions | can take,
which action will help mechieve my goal? And when you have the answer to that question, you take
that action.

So AutoGPT is dangerous?

Not as it is now. Not much work has been put into it to make it right. And ChatGPT is not that smart
yet. But suppose we go one step above @Rt quality, let's say GFTor something, then it could
become dangerous. | regret not to have taken actionngwo| think that there is a psychological
obstacle preventing us from seeing something so contrary to the goal we are working towards. And
Funded by the European Union. Views and opinions expressed are however those of the author(s) only
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that is why | have not done what | had to do. These dangers have been knownZ0rygars, but we

were not taken sriously because people like me thought: ah, that is still far too far in the future, we
don't even have an idea yet of what such Al systems will look like, so how can we do anything about it
today? But now the situation is different, now it is right iarft of us. There are still a lot of technical
obstacles with the current language models, but | believe they can be solved in no time. For instance,
that systems like ChatGPT make up facts every so oftecalta "hallucinations”, for example. That

can ke contained, a lot of people are working on that at the moment. And even in their current state,
with all their flaws, those systems can be useful. All the people | see around me are using them. We
broadly understand what is missing from those systems. WW®munderway on algorithms that can
improve that. Maybe we can solve all the problems in three to five years, and that is what worries me.
Now, it remains possible that something else, something fundamental, is still missing that we don't see
right now. hat would actually be a good thing then, because it would give us more time to adapt. But
what if, on the contrary, things happen faster than expected, as was the case last year?

You believe that superintelligence, an Al system that surpasses humargsbedutre in 10 years?
Yes, as do many of my colleagues.

However, other researchers say there are still too many unresolved issues, that it will take much
longer.

Absolutely. And had you asked me that question a year ago, | would have said 20yeatNow |
say: 5 to 20 years.

So how do you look at your own research now? Do you find it dangerous

My research has certainly helped to bring us where we are today. All those questions | ask myself every
day: what is the best use of my time to mira® the risks and maximize the benefits foralinanity?

It sounds like you are really struggling with that.
You are right. There are no easy answers here.

Your research would make it possible for Al systems to think more like us, but you don'lyaittiol
that's a good idea anymore?

Throughout my career, | have thought we should take inspiration from humans, try to imitate our own
intelligence. Now | think that's a mistake. It is important to understand how the brain works, but
building machineshat are very similar to humans would be a big mistake in many ways. In science
fiction, we see androids and Al systems that are more or less like humans, but mechanical. Like Data
in Star Trek. | don't think that picture is accurate. For a start, mactanesssentially immortal,
because they can copy their program code and state. We are fundamentally different. We design those
machines because we want to build tools that help us. But we may be creating a new species that is
dangerous to us and even to tlsairvival of our own species. In the past, many species went extinct,
usually because a smarter species came along. In the last few centuries, we have caused the extinction
of about a thousand species. Not because we wanted them dead, but because thdysta@en us

and more land or more money.

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
and do not necessarily reflect those of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

18



*

% KR Co-funded by
ENGINEERS4EUROPE **** the European Union

So, you currently believe it is better that we never reach that superintelligence?

I'm not saying that. If we reach that superintelligence safely, it could help us with many of the
challenges facing humanity, su@s disease, climate change, poverty and economic inequality:
problems we are making no or hardly any progress on. But we need to do it in a safe way. And right
now, we don't actually know how to do that. So we need to take it slowly and work on medbkates

can limit the damage. The other problem is: even if I, or someone else in a few countries, decides to
slow down, there are still people in other countries who do not. So, what do we do about that? One of
the things my friend and colleague Yann LeCéjid,sand with which | agree, is that we will probably
YySSR (KS KSfLI 2F a2YS8S 'L &aeadsSvya G2 LINRGISOG dza
those systems, but at the same time we don't want them. And if they do turn up somewhere, we need
them to protect us from them. It's like nuclear weapons, isn't it? Nuclear weapons are dangerous, but
if someone else is going to build them, then we need them too. We have to learn to deal with that.

Should we worry about the future?

Worrying in itself is nouseful. We need to act. Firstly, to understand these issues better, because
there is a lot we don't understand yet. A good indication of this is that there is so much disagreement
among researchers. In addition, we need to provide regulation, internatiagreements, to get on a

path to safety and fairness, with the intention of better protecting the public.

Do governments still have time to act? There are already open source versions that anyone can just
download and further edit. Surely you can't stithyat anymore?

No, current systems are still too stupid to be really dangerous. Yes, they can be used for disinformation.
But the really big dangers are still a few years ahead of us, so it's not too late. But we will have to draft
legislative measures mhdaster than we did, for example, against climate change. In that, we were
far too slow.

2.2.2 Green: The Voice of a Captain of Industry in the Automotive Sector

Luca DE MEO, the new President of the European automotive umbrella organization ACEA, does not
spare his criticism of the EU. While the European Union started to regulate its automotive sector ever
more strictly- just think of the ban on new diesel andtpa cars from 2035, or the tightened emissions
standards since dieselgatenanufacturers stayed on the sidelines for too long, says Luca DE MEO, the
CEO of RENAULT and, since this year, the president of ACEA, the mouthpiece for the European
automotive setor.?

a¢2 YDIBRS ¢S adGAftf ySSR G2 astt | 24 2F A
Interview with Mr Luca DE MEO, CEO RENAULT
We are facing a fundamental transition to la&rbon technology and are coming under pressure from

all sides, says the Itaih CEO of the French carmaker in an interview with some European media,
including De Standaard. DE MEO wants the automotive sector to weigh in more on the debates,

2\We herewith reproduce an Interview by Korneel DELBEKE with RENAULT CEO Mr Luca De MEO, published in
GKS . St3AlYy ySgaLILISNE a5S {dFyRIFINRE 2y MH WdzyS HnaHO
Funded by the European Union. Views and opinions expressed are however those of the author(s) only

and do not necessarily reflect those of the European Union or the European Education and Culture

Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

19



*

% R Co-funded by
ENGINEERS4EUROPE **** the European Union

because if it does not get a hearing in Brussels, billions of investments risk going tige way, it
sounds.

This puts the Eur@ emissions standard, which the Commission wants to introduce from 2025, in the
spotlight. Among other things, this should reduce nitrogen dioxide emissions by 35% and harmful
particulate emissions by 13%. But thegisitEuro 6 cars have already reduced particulate emissions by
80%. With the Euro 7, that would be 84%, says DE MEO. For those limited environmental gains (CO
emissions will even rise, it sounds, ed.), the industry has to invest billions and car pricestiviue

to rise at a time when purchasing power is under pressure. This is all the more true for cheaper entry
level models. DE MEO cites an "independent study" showing that the average new car will increase in
price by some EUR 2,000, which is fourl® times more than the Commission's calculations.
Developing the Euro 7 will only divert manufacturers' attention and resources from the-needed
transition to electric cars, according to DE MEO. However, we can keep the stricter emission standards
for brakes and tyres, as these are also useful in electric cars, he says.

Critics, such as environmental umbrella "Transport & Environment", then point out that while the
industry calls the new standards "unaffordable”, Europe's largest carmakers are pagiowg r
dividends. DE MEO cannot speak for his colleagues, but says that at RENAULT, he has had "no money
to pay dividends" for several yeargartly due to the big losses in Russia after the invasion. But
however, you spin it, money does not grow on tressl what we invest in Euro 7 is not going to
electrification. And that while China is coming on strong with electric cars and is meanwhile a
generation ahead in developing the supply chains for them.

To meet this challenge, Europe must pull together argkatly set out an ambitious strategy, says DE
MEO. Introducing rules and imposing fines if they are not met is not yet a strategy. Regulation is only
one part of the story. The challenges, from infrastructure, to energy provision and data use, are crucial
in this, but go wider than just the car industry. We are not questioning the target and the investments
have already been made. We are just asking for a bit more flexibility, like on emissions standards. It is
a strange paradox: to invest enough moneyhia transition, we will still have to make a lot of money
from the combustion engine.

2.2.3 Knowledge Migration: The Voice of Academia and Business Associations

Too much administration and regulation keep foreign talent away from our country (Bé&lgium
Internationalization policy could be smarfer

As an open economy without natural resources in the heart of Europe, we are by definition heavily
dependent on foreign countries. The international embedding of higher education and scientific

3 We herewith reproduce an article which was-aothored by Jan DANCKAERT (Rector, Flemish University
Brussels, VUB), Hans MAERTENS (Deputy Director, Flemish Network of Companies, VOKA), Luc SELS (Rector,
Katholieke Universiteit Leuven, KUL), Pieter TIMMER®@®irector, Federation of Belgian Enterprises, FEB), Rik

VAN DE WALLE (Rector, Ghent University, UGent), Jan VAN DER GOTEN (Head of Strategic Partnerships, J&J),
Herman VAN GOETHEM (Rector, Antwerp University), Bernard VANHEUSDEN (Rector, Has#gl, Kioeers
VERLAECKT (Secretary General, Flemish Interuniversity Council, VLIR) and published in the Belgian newspaper,
458 {dFyRFFNREéE 2y Hp WdzyS HnHod® hNARIAYLE GSEG 61 & Ay
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research atour universities is a conditio sine qua non to maintain prosperity and welfare and
strengthen our innovative power. The same goes for our companies, which are strongly committed to
exports and attracting foreign direct investment.

The need for highly quified employees at universities and knowledgénsive companies has long
been unable to be met by domestic supply. The increasing tightness in the labour market, with a
scarcity of STEM profiles in particular, is assuming the proportions of a reabmwealdnt, which
according to all forecasts will drag on for years.

Our country urgently needs to become more attractive to foreign talent. The legislative framework
and related administrative processes are in some cases more of an inhibitingtfaraan incentive

for internationalization. Government departments are often too out of touch with the needs of
knowledge actors. Transposition of European regulations is often late, leading to avoidable woeful
mistakes.

Our internationalization policy regls to be smarter. This requires a joining of forces between
governments, knowledge institutions and companies: consistent, predictable, aligned across levels of
competence and based on-@peation. To this end, we formulate a number of concrete taskedor
governments at federal and state level and call on all public and private knowledge actors in Flanders
and Brussels to endorse this plea.

A first yardstick is the regulation of knowledge migration. The procedures for attracting knowledge
workers fromoutside the EU were recently adjusted in a positive direction, but we continue to run
into obstacles. Not surprisingly, foreign knowledge workers opt for our neighbouring countries.
Administrative processing times for dealing with combined residemoe permits and visa
applications are too long, and digital processes are not aligned enough. Family reunification is
sometimes difficult. A "fast track" procedure for highly skilled profiles could provide relief.

Knowledge security is a second yardstick. nmétional cooperation requires universities and
companies to be able to reliably assess potential risks. Think of unwanted technology transfer or
human rights violations. We therefore call for the federal and regional governments to work together
to create a knowledge security desk that provides validated advice within realistic deadlines.
Protecting and safeguarding our knowledge potential must be an essential part of our economic
security policy.

A third yardstick is the language regime in higher edocatlt hinders the influx of foreign talent,
among teachers, students and researchers. We call for the necessary flexibility, without questioning
its basic principles. This can be perfectly achieved through a number direalgilot projects for
coursesand personnel categories to be defined in consultation between universities, the business
world and the government.

Taxation is the fourth yard. The federal partial exemption from {lassugh withholding tax for
researchers is an important lever for stilating innovation and attracting foreign investment. We call

for this measure to be at least consolidated and extended where possible as part of the announced
fiscal reforms. Moreover, some counterproductive rules in the reformed expatriate tax bergifitee

for incoming researchers should be axed.
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Finally, we call for the government to be more active in ensuring a warm welcome (soft landing) for
incoming knowledge workers. It would be advisable to develop a network-céléed expat centers,
which, asa single point of contact, would be the direct point of contact for knowledge workers and
their families, without them having to figure out for themselves which service to turn to. It is also
important to have sufficient capacity and a good spread of imdéonal schools across Flanders. We
call on our policymakers to join us in working on these yards that remove barriers to knowledge
migration and strengthen our competitive position-@iwis neighbouring countries.

Transversal: The Voice ofCaptain of Industry in the Aerospace Sector

hy y WdzyS wnuHoX G GKS 9bDLb99w{ 9! wht9 bliAz2yl
Plant Director alTHALES Alenia Spatecused in his presentation on Corporate Social Responsibility
(CSR) and the gmeering competences for the future. The THALES Grouth 77.000 employees
(approx. 50% in France) in 68 countries worldwide and EUR 17,6 billion of sales-ipla@g2o recruit

4.000 students as interns with a potential conversion intotfaie cntracts. In 2018, one third of new

hires at THALES were women. In France every year some 40% of interns in engineering are converted
into unlimited employment contracts.

In the Q&A which followed with the representatives of the Engineering Professiogahi2ations of

33 countries, it was acknowledged that a good technical engineering education (hard skills) will still be
the backbone of the competence of future engineers, but that the technical abilities and capabilities
need to be completed with othe(soft) skills which impossibly can all be part of the academic
engineering curricula : from creativity, communication and foreign language skills to digital and Al
competences, data literacy, sustainability, entrepreneurship, etc. Therefore, anifgleaning (LLL),
Continuous Professional Development (CPD) anthefjob training are paramount in enhancing
these competences after entering the labour market, especially as industry is apart from hiring
specialists, also increasingly searching to recruitoaihd graduates.

As to the question how the engineering profession will evolve over the next 5 to 10 years, he
acknowledged the opinion of the National Professional Engineering Organizations, i.e. National
Members of ENGINEERS EUR@RE& identified thefollowing major challenges :

- The formation of an engineer is and will be changing ever more : this requissgugation,
up-skilling, reskilling of currently professionally active engineers especially in the field of green
energy, Al, cybersecurity arsdistainability.

- Enhance and promote the image of the profession to attract more young people (STEM) in
order to better meet the market demand for engineers.

- Soft skills to become a method in the way hard skills are being taught wigholdgnging the
duration of the formal engineering education.

3. Qualitative Research

3.1. Image and Standing

4 https://www.engineerseurope.com/membershijst
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Engineers dream about making things better, they see possibilities; they are curious and ask questions
ikeaK2g R2Sa Al 62 NJ § &tc.; théyKate icreativk probleolversladdyhava F £
passionate vision on how something should work; theykntogether with other smart people such as

chemists, physicians, astonomers, etc. to design and create new things. From researchntorictal
applications, engineers constantly discover how to improve our lives by creating new solutions that
connect s@nce to life in unexpected, forwadtthinking ways. Few professions turn so many ideas into

a2 Ylyeée NBFItAGASAT F¥S¢6 KIF@PS &dzOK | RANBOG FyR L
counts on them and their imagination to help us meet the neefdhe 21 century. Yet, until a few

years ago, this does not seem to be reflected in the overall general perception society has of who
engineers are.

From Current Perception To a New Perception

Builders, operators, planners Designerscreators and inventors

Computer people Many types of engineers

Geeks and nerds Creative professionals, imagineers

White males People of all backgrounds

Boring Dynamic and exciting work, that makes a difference
Too difficult to learn Challenging but worth the effort

A man's job Engineering is a field for men and women

Not as prestigious as a scientist A prestigious job that makes the world a better place
Less lucrative than law or medicine Supports a very comfortabldestyle

A strong positioning statement like this one is required for all public communications, be it in
advertising, recruitment, presentations, etc. and should be shared with the public at large in order to

set engineers apart from other professiomsd to make a clear case why engineering matters.

2 KSNBIFa GKA& 2LIAYA2Y 61+ a SELINBaAASR o0& (°%e8en! { abl
Europeans will acknowledge 15 years later that a longer term imaffget is required, if in the future

Europe wishes to have a sufficient number of engineers.

Engineers are seen &ading figures in the modern worlds they are constantly pushing boundaries
with creative solutions to difficult questions. They are also highly sought after forgteditem-solving
skills, making their skillset invaluable to many industri&e may conclude that though the overall
image of the engineer is not entirely negative, there is a lack of understanding of the contribution of
engineers in the public perceptio@omparedo other professiondmedicine law, architecture etc.),
engineeringis held in high regard by the public. Publicpolling over the yearshas also consistently
revealedthat the publicconsidersengineergo be ethical- yet, there remainsa knowledgegapabout

the profession.Thepublicperceptionof engineerss positive,but mostindividualsare not completely
aware of how engineeringaffectstheir lives.In addition, engineersdon't get much coveragein the
mediaunlessthere is a catastrophicinfrastructurefailure. Sowhat's the problem?Engineersaren't
doing enoughto educatethe public® Albeit that this observation is beyond the scope of the E4E

5 @&Changing the Conversation : Messages for Improving Public Understanding of Engin&erifg G A 2y £ | Ol F
of Engineering, Washington DC, 2008

8 hitps://www.nspe.org/resources/pemagazine/may2013
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project, it may be one of the reasons why there is a shortage of engineering graduates yn man
European countries as related to all the engineering work that can or needs to be done.

3.2. Education and Competences

9RdzOF GA2Y | € AyailNdzySyita G2 YSFadaNBE aOF LI oAfAlecE
students, are often restricted and limited to verifying the evidence of what is learned and at what level.

It is process oriented, but in this sense, thesdrimaents are more backwardhan forward looking :

they lack the focus on future needs of both society and the graduated engineer in that society. Peer
review can be a helpfubut can also be a doubtful model, since peers may not be well informed about
modern methods and approaches in examining the variation of requirements over time.

Present instruments for measuring quality offer limited evidence about the real quality and relevance
of degree programmes and their performance. However, if academic awfégzional experts can
agree on a set of required learning outcomes, they should also be able to measure performance in a
comparative perspective and in international contexts.

In this perspective reference can be made to TR&NING Academgnd in partcular to CALOHEE, the
&Comparable Achievements of Learning Outcomes in Higher Education inéEutopas, amongst
20KSN) RAaOALX AySax RSTAYSR (GKS O2NB O02YLISi{iSyoOSa
engineering programs for first and secooygkles of higher education, based on a merger of the EQF

for LifeLongLearning and the QF for the EHEA in terms of dimensions. Learning outcomes are defined

in that document as statements of what a learner is expected to know, understand and be able to
demonstrate after completion of a learning experience. These learning outcomes are grouped in terms

of knowledge, skills and wider competences (attitudes). Some competences are sarbjgcelated

(specific to a subject area), while others are generiepaht for many degree programmes).

Most institutions of higher education measure learning in credit hours, meaning that they are very

good at telling how long a student sat in a particular class, but not what the student actually learned.

The timing is fi@d, but the learning can be variable. A report from the Carnegie Foundationttmik
FOly26ft SRISR GKIFIG GKS ONBRAG K2dz2NE +faz2 (yz2s6y |
a0 dzRSy i °€Conpertlicibgsadéedrning flips timbased learningn its head, and centres on

mastery of a subject, regardless of the time it takes to get there. From a debate held in the light of the
AGPLYGSNYFGA2Y It /2yFSNBYOS 2F GKS tofblluyzacesasS { 2

" The Tuning Acadenittp://tuningacademy.orq is aninternational Higher Education and Research Cefure

the development and enhancement of the quality of learning, teaching and assessment in higher education,
focusing on the competences for intellectual development, employability and citizenshiglwbal context. It

had its origin in successful large scale innovative projects carried out under the direction hitlegsity of

Deusto BilbaqSpain) and th&niversity of Groninge(iThe Netherlands) since 2000. The aim of the Tuning
Academy is tdve an organisation which is permanently aware of social demands and future needs, playing a key

role in Higher Education through research, experimentation, educational innovation and support for decision
making in policy on education and employmeRef. : Prof. Robert Wagenaarw9 Chwa H ¢} bLbD
Modernisation Process of Higher Education in Europe : A Blueprint for SCeleméd LearningZ  H A M P

8 https://www.calohee.eu

%ElenaSilvz ¢ &f 2 NJ 2 KA (i ShelCyriregigni: A TantaryOll Sténidaxd inda Changing Education
Landscape = { GF yF2NRZ /!Y [/ FNYyS3IAS C2dzyRIGA2y F2NJ G6KS ! R@I
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engineering students§ felt that engineering programs do not address sufficiently the sustainability
issues, theories, concepts, case studies, problem approaches and desired necessary competences.
None of the students said they were aware of the GreenComp Sustainability Feakeand that
teachers did not present, nor had themselves, any formal training on sustainability. In addition,
students outside the related engineering programs stated there was not any training or education
concerning artificial intelligence or automaii in the curriculum.

In the European Commissidd @& / 2 YYdzy AOF GA 2y 2y | 9dzNR RSy { NI
explicitly stated that universities have a key role to play in preventing skills mismatches and
0200Gf SySO1a GKI G NRvary, and ineiasingithé SeveogeneBt loiSe@riiers® O 2
creative and critical thinkers, problems solvers and active and responsible citizens equipped for lifelong
fSENYAY3 O0[[[0VD 0X0O ¢KS RAIAGEE GNI yauwénsand IABSa
researchers with the digital skills and competences needed in the new reality and in the promotion of
innovation and new technologies. Subsequently, in 2022, faropean Councilmade a
GwSO2YYSYyRIGA2Y 2y | 9 doksBeni@ls 2 NI LJLINER | DK RS 8 Y LA 208
Therefore, Continuing Professional Development (CPD) is critical in maintaining engineering
O2YLISGSYyOS GKNRdAdAK2dzi GKS Sy3aiySSNDa OF NESN® ¢ 2
provides an ideal means to support thdaptation of the United National Sustainable Development

Goals (UN SDGS) into everyday practice.

A key component in establishing the qualifications is the European Engineering Education Database
(EEED), listing the institutions of engineering highewcation in European countries represented

within ENGINEERS EUROPE and their engineering progrdmwieish are all recognized by
ENGINEERS EUROPE as fulfilling the typical education requirements for the EURCINGetil&ED

is an authoritative sourceof information about national engineering education systems and
educational institutions and it is used by major European industries in aeronautics, automotive; power
FYR AYF2NXYIGAZ2Y GSOKy2f23ASasz SGO0O® T2 NJbyONR & a
international/regional membership/registration bodies to check the status of European degrees.
ENGINEERS EUROPE will continue to develop these offerings to inform and enhance the standing and
reputation of the professional engineer in Europe and beedtibas a role to play in communicating

the importance of the role of engineers for the development of European economic and industrial
activities.

3.3. Opportunities

¢CKS 9dzNBLISIFY 902y2YAO FyR {20AFf /2YYA(lGSSQa 069
work programme for 2028 describes the challenges and opportunities in the European arena,
including:

10 https://cispee2023.uminho.pt

11 https://joint -researchcentre.eceuropa.eu/greencomgeuropeansustainabilitycompetenceframework _en
12 https://education.ec.europa.eldocument/commissiorcommunicatioron-a-europeanstrategyfor-
universities 18 January 2022.

13 https://www.consilium.europa.eu/en/press/preseeleases/2022/06/16/councitecommendseuropearn
approachto-micro-credentials/ ,16 June 2022.

1 https://www.engineerseurope.com/whaengineerseurope-eeed

15 hitps://www.engineerseurope.com/whatur-ing-certificate

16 https://www.eesc.europa.eu/en/owmwork/publicationsother-work/publications/europeareconomicandc-
sociatcommitteescontribution-2023-europeancommissionsvork-programme
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The spike in energy costs and economic uncertainty make addressing these matters even more
necessary and challenging. The EESC calls fandhiisation d both public and private financing to
facilitate investments in research and innovation, education, training and technical infrastructure. Also
entrepreneurship represents a key competence for improving our European competitiveness and our
innovation willhave to focus on the development of a social and green economy, even more so in the
context of a post pandemic recovery.

Engineers need not just be the creators of things but also creators of employment and economic
activity. To do this requires aqmsitioning of how engineers think about their role in society and how
society thinks about engineers. The decreasing lifecycle of ever more complex technologies
emphasises the need for tgkilling engineering talent, using a combination of academic and-work
based training for the entire career of the engineer, including commitment tessedfy. Governments

need to ensure that legal, commercial and employment supports, are flexible to facilitate greater
entrepreneurial and technology driven activities.

3.4Challenges

Corporate leaders are prone to suggest that academic or institutional inertia isarehlthat
educational infrastructure fails to keep pace with the technological transformation of the economy,
but the onus is on companies just as much as it is on higher education to respond more rapidly and
urgently to the changing nature of work.

As the Massachusetts Institute of TechnolodiIT), economist EBRYNJOLFSS®N A IRvesting &

in new technology can often be easier for companies than negotiating the organizational challenges

that come with reskilling workei$¥whereas Mike DEREZIN, Vitresident ofLinkedIn states that

companies can stay ahead in the talent war by recruiting from wittiltne companyutureFitworks

with the OECD (Organization for Economic Cooperation and Development) and McKinsey to help
people, companies and govermmts leverage intelligence to identify transition pathwa$aVith
recommendation and matchmaking algorithms, FutureFit has a personality profiler as well as a profile

LI NESNJ G2 YI1S aSyasS 2F OFyYyRARIFIOSAaQ NB.AEtdtsoSa | yR
layers on a skills gap analyser and learning recommendation app, so that users can access filtered

f SENYAYy3a O2yiGaSyd FNBY ondnnn AyaildAaddziaizya Ay 2NJ
hLISNI GAy3 {eadSYé¢ Ot faAo0RAAI FMLINRBAOKE Glji @l By OF LA

[ FdzNBy 2Véhg &&rig@hiestAre Failing at Reskiflily ¢ KS 2 ff {GNBSG W2dzNy I
https://www.wsj.com/articles/theanswerto-your-companyshiring-problemmight-be-right-underyour-nose

11555689542

18 Fast Company, 14 June 201ftps://www.fastcompany.com/90363915/companiesnstay-aheadin-the-
talent-war-by-recruitingfrom-within-saysthis-linkedirvp.

19C dzii dzNBAT forithe Futuke ofdNork & Skill€  vhitps: iwkvw.futurefit.ai/
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analyzing a workforce at its most granular l1e¥%et S2 LJX S R2y Qi 1y2¢ GKSANI 24y
R2y Qi 1y2¢ (GKS alArftta 2F GKSANI 62NJ TZNIHSSLant KSe& |
HINTONfounder and CEO &ky Hived Théy may not even understand how the skills required for a

certain role are changirgg®

Over the past five years, th&orld Economic Foruid (WEF) has tracked the arrival of the future of

work, identifying he potential scale of worker displacement due to technological automation and
augmentation, alongside effective strategies for empowering job transitions, from declining to
SYSNHAYy3 220ad ! (GKS O2NB Rutlire of JosSumNgy BB L2 NAf & |j 28 R
which assesses the shernd longterm trends and impact of technological adoption on labour

markets.

The data outlined in the following pages tracks technological adoption among firms alongside changing
job requirements and skd demand. These qualitative survey responses were further complemented
by granular data from new sources derived from private®yd data that tracks key jobs and skills
trends. Together, these two types of sources provide a comprehensive overview ohtblging

labour market trends, as well as an opportunity to plan and strategize towards a better future of work.

The past years have seen a clear acceleration in the adoption of new technologies among the
companies surveyed. Figure 1 below presents actiele of technologies organized according to
O2YLI yASaQ ftA1StAK22R (2 | R2LI {-6o8Merce Emainmightr @ / 2
priorities, following a trend established in previous years. However, there has also been a significant

rise in nterest in encryption, reflecting the new vulnerabilities of the digital age, and a significant
increase in the number of firms expecting to adopt AamMmanoid robots and artificial intelligence (Al),

with both technologies slowly becoming a mainstay ofrkvacross industries. These patterns of
technological adoption vary according to industry.

Figure 1 Technology adoption 2023027: Technologies ranked by the share of organizations surveyed
who are likely to adopt this technology over the next 5 year

0018 1CKBS2 20T RQA &35 & fhiips: Wi SRyhigeViofeod/énterprise

Ar1@ 1AGS GSFYZ AYUGSNBASG 2F wmH Lan§ biftlbearNd : RProparimg fos A 0 K a
wz2oa (GKIG R2¢XQD0GHB08Yy 9EAAG &S

2 2 2 NI R 9 02y 2 YheO Futube2 Nbz\IGbs Repbrk hOG2060SNI wHy1 023, | YR a
https:// www3.weforum.org/docs/WEF_Future_of Jobs 2023.pdf
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As demonstrated in Figure 2, Al is finding the most broad adaptation among the Digital Information
and Communications, Financial Services, Healthcare, and Transportation industries. Big data, the
Internet of Things and NeHumanoid Robotics are seeing sigpadoption in Mining and Metals, while

the Government and the Public Sector industry shows a distinctive focus on encryption. These new
technologies are set to drive future growth across industries, as well as to increase the demand for
new job roles anakill sets.

Such positive effects may be countmmlanced by workforce disruptions. A substantial amount of

f AGSNI GdzNB KFa AYRAOFGSR GKIFIG GSOKy2ft23A0Ff FR2L
performed by humans into the realm of work performed itmachines. The extent of disruption will

G NB RSLISYRAY3 2y | g2N]JSNRaE 200dzLJ A2y FyR aiAif

5FaF FTNRBY GKS C2NMzYQa aCdzidzZNBE 27F Watudure{trENIIS & ¢ 2
workforce in response to new technologies. In particular, theganies surveyed indicate that they

are also looking to transform the composition of their value chain (55%), introduce further automation,

reduce the current workforce (43%) or expand their workforce as a result of deeper technological
integration (34%)and expand their use of contractors for tagecialized work (41%).

A new wave of Al systems may also have a major impact on employment markets around the world.
Shifts in workflows triggered by these advances could expose the equivalent of 300 millimeu

jobs worldwide to automationGoldman Sachsays (Briggs and Kodnani). They further estimate that,

of those occupations that are exposed, roughly a quarter to as much as half of their workload could be
replaced. But not all that automated work WillNJ} yaf F G S Ay G2 f Ahaughfie (KS
impact of Al on the labour market is likely to be significant, most jobs and industries are only partially
exposed to automation and are thus more likely to be complemented rather than substitutdid®by

2 https://www.goldmansachs.com/intelligence/pages/generatigecould-raiseglobatgdp-by-7-percent.html
Thisarticle is beingprovidedfor educationalpurposesonly. Theinformation containedin this article doesnot
constitute a recommendationfrom any Goldman Sachsentity to the recipient, and Goldman Sachsis not
providing any financial, economic,legal, investment, accounting,or tax advicethrough this article or to its
recipient. Neither GoldmanSachsnor any of its affiliates makesany representationor warranty, expressor
implied, asto the accuracyor completenesf the statementsor any information containedin this article and
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In addition, jobs displaced by automation have historically been offset by the creation of new jobs, and
the emergence of new occupations following technological innovations accounts for the vast majority
of longrun employment growth. For exampleyformation-technology innovations introduced new
occupations such as webpage designers, software developers and digital marketing professionals.

A recent study by economist David Autor, Professor at’®T2 dzy R G KF G cm> 2F G2RIF
employedy 2 00dzLJt §A2y & G(KIFIG RARYQG SEA&G AYy mMdbdnnd ¢ K
growth over the last 80 years is explained by the technoldgyen creation of new

positions. Generative Al can streamline business workflows, automate routine taskgiae rise to a

new generation of business applications, says Kash Rangan, senior U.S. software aGalgisham
SachsResearch. The technology is making inroads in business applications, improving the-day

efficiency of knowledge workers, héfmg scientists develop drugs faster and accelerating the
development of software codes, among other things. As more generative Al tools are developed and
layered into existing software packages and technology platforms, Goldman Sachs sees businesses
acrossthe economy benefiting, from enhancing office productivity and sales efforts, to the design of
buildings and manufactured parts and detecting cyber fraud. While much is unknown about how
generative Al will influence the world economy and society, andllitake time to play out, there are

clear signs that the effects could be profound.

Figure 2:Share of organizations surveyed by the WEF which consider skills to be increasing or
decreasing in importance, ordered by the net difference.

any liability therefore (includingin respectof direct, indirect, or consequentialloss or damage)is expressly

disclaimed.

24 8How Al could help rebuild the middle clkass GaegRosalskyMolly Messick andlaveblanchard 17 may
2023.https://www.npr.org/2023/05/16/1176516094/artificialintelligencedavid-autor-chatgptlabor

%5 ¢Are we on the cusp of a generative ai revoluod = D2f RY Il y {21 GdbraryRE®% S| NOK >
https://www.goldmansachs.com/intelligence/podcasts/episodes/@2-2023-sheridanrangan.html
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Job disruptionisounterd I f  YOSR 6& 2206 ONBIlIUA2Y Ay ySé FTASERA
the coming decade, a nemegligible share of newly created jobs will be in wholly new occupations, or

existing occupations undergoing significant transformations imgermf their content and skills
NBIljdZANBYSyiad ¢KS 22NIR 902y2YA0O C2NMzyua awz2oa 2
data scientists at partner companies LinkedIn and Coufseueesented in 2020 for the first time a

way to measure and track the emergence of a set of new jobs across the economy usiimeeal

labour market data.

The data from this collaboration identified 99 jobs that are consistently growing in demand a6ross
economies. Those jobs were then organized into distinct professional clusters according to their skills
similarity. This resulting set of emerging professions reflects the adoption of new technologies and
increasing demand for new products and servioshjch are driving greater demand for Green
Economy jobs, roles at the forefront of the data and Al economy, as well as new roles in engineering,
cloud computing and product development (Figure 3).

Figure 3: Top 20 job roles in increasing and decreasimand across industries

26 https://www.coursera.org
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Although a minority of companies believe that Al and big data has been overemphasized as a core skill
and will decline in importance to workers, a net 59% of companies predict it will grow in importance,
and many companies seeds a strategic priority. Though generative Al has the potential to displace
jobs, the focus placed on training workforces to exploit Al and big data indicates the opportunities for
new roles which harness its potential to help achieve business goals.

Figue 4: Reskilling and upskilling, 202027 - Aggregated rankings of reskilling and upskilling
priorities reported by WEF surveyed organizations. The ranking differences is relative to the ranking of
skill importance in 2023. The graph also shows the shiaterapanies which include each skill in their
reskilling and upskilling strategies for 2023 to 2027.
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Ranking Reskilling focus,
difference 2023-2027

1.1 Analytical thinking - I [ [
2. Il Creative thinking - | [ [
3.1l Al and big data +12 | | |
4, Leadership and social influence +5 ] | |
5.l Resilience, flexibility and agility -2 I | |
6. ll Curiosity and lifelong leaming I | | [
7.1l Technological literacy ] | [ [
8.l Design and user experience +9 ] | | |
9. Il Motivation and self-awareness -5 ] [ [ [
10. Empathy and active listening =2 ] | | |
11. lalent management +1 ] | | |
12, Service orientation and customer service +1 ] | | |
13. Il Ernvironmental stewardship +10 ] | | |
14. Resource management and operations - | | | [
15. Marketing and media +6 0} | | |
16. Il Qusality control -6 [ | [ [ [
17. 8 Metworks and cybersecurity +5 I | | | |
18. lll Dependability and attention to detail -11 I | [ [
19. Il Systemns thinking -8 I [ [ [
20. Il Programming - I [ [ [
21. Teaching and mentoring = I | [ [ |
22. Il Multi-lingualism - I [ [ [ [
23. Il Manual dexterity, endurance and precision +1 | | | | |
24. Il Global citizenship +1 I [ [ [ [
25. Il Reading, writing and mathematics =) [ ] | | | |
26. Il Sensory-processing abilities - | [ [ [ [

Share of companies (%)

it skills

A third dimension of the reskilling and upskilling landscqpesides the skills needed for work and

the training strategies identified by employerss the range of upskilling and reskilling choices, made

by individual learners. Research conducted by Coursera for the 2023 WEF Future of Jobs Report
suggests that these choices often differ from business priorities. Individual learners on Coursera have
mainly focused on building technical skills such as programming, resource management and
operations, networks and cybersecurity. These choices sometimes align with the skills businesses seek

but many of these skills are foundational to achieving higherigmfcies in soughkafter skills such as

'L FYR 06A3 RFEGIZ fSFRSNEKALI F'yR &2 OAdeekersgad f dzSy O
more effectively use online learning platforms to close skill gaps and meet employer requirements,
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especially astraditional qualifications become less importaiit Historically, individuals on the

/ 2dzNBSNI LI FOGF2NY KIFEFS LINA2NAGAASR RS@St2LAy3a i
careers in programming and data analytics. Increasingly, however, ergetgghnologies such as
ISYSNIGAGS 'L INB NBakKFLAYy3a g2N] F2NOS RSYlIyRaz
skills. These skills allow companies to respond to change and are resistant to automation.

The ability of global companies to hassethe growth potential of hew technological adoption is
hindered by skills shortages. Figure 5 shows that skills gaps in the labour market and the inability to
attract the right talent, remain among the leading barriers to the adoption of new technologies

Figure 5: Perceived barriers to the adoption of new technologies

Skills gaps in the local labour market | S S S 5.4
Inability to attract specialized talent [ INNEEEGEGNGEGNEENNENE N 6.7
Skills gaps amang organization’s leadership I GGG 1.4
Insufficient understanding of opportunities | GGG :c.9
Lack of flexibility of the regulatory framework I NN -3
Shortage of investment capital [ I ENEGINGEGEEEENENENEE 2 3
Lack of flexibility in hiring and firing | N MMM 26.3
Lack of interest among leadership I NN 17.9
Other I 53

Share of companies surveyad (%)

Source
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on average, they provide access to reskilling and upskilling to 62% of their worlkfoccthat by 2025

they will expand that provision to a further 11% of their workforce. However, employee engagement

into those courses is lagging, with only 42% of employees taking up emyslayeorted reskilling and

upskilling opportunities.

Skill shortages are more acute in emerging professions. Asked to rate the ease of finding skilled
employees across a range of new, strategic roles, business leaders consistently cite difficulties when
hiring for Data Analysts and Scientists, Al and Mach@sning Specialists as well as Software and
Application Developers, among other emerging roles. While an exact skills match is not a prerequisite
to making a job transition, the loAgrm productivity of employees is determined by their mastery of

key canpetencies. The WEF report takes stock of the types of skills that are currently in demand as
well as the efforts underway to fill that demand through appropriate reskilling and upskilling. The
report also tracked the crodsinctional skills which are imereasing demand. Figure 6 shows the top
skills and skill groups which employers see as rising in prominence in the lead up to 2025. These include
groups such as critical thinking and analysis, as well as predménmg, which have stayed at the top

of the agenda with yeaon-year consistency.

27World Economic Forurihe Future of Jobs Repavtay 2023, pp. 424.
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Figure 6: Perceived skills and skills groups with growing demand by 2025, by share of companies
surveyed

A. Relative importance of different skill groups
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B. Top 15 skills for 2025
| 1 Analytical thinking and innovation ] Resllience, stress tolerance and flexiollity
| 2 Actlve learning and learning strategles 10 Reasoning, problem-solving and (deation
| | Complex problam-solving 1 Emational intelligence
i Critical thinking and analysis 12 Troubleshooting and user experience
5 Creativity, oiginality and initiathe 13 Sarvice orlentation
i Leadership and octal influsnce 14 Syatema analysis and evaluation
7 Technalogy use, monitoring and contro 15 Perauasion and negotiation
B Technology design and programming

Source

Future of Jobs Survey 2020, World Economic Forum.

Newly emerging are skills in saelianagement such as active learning, resilience, stress tolerance and
flexibility.

A number of companies have in recent years experimented with a range of approaches to reskilling
and upskilling. The role of business in such a programme can be to directly drive such efforts and define
the approach to reskilling and upskilling. dther cases, businesses can be in a supporting role,
agreeing to redefine their approach to hiring and accept candidates who have been reskilled through
new types of credentials.

In one example, telecommunication company AT&T has worked with Udacitye#de 50 training
programmes designed to prepare individuals for the technical careers of the future which are
Funded by the European Union. Views and opinions expressed are however those of the author(s) only
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distinctively relevant to AT&Ts future workforce and digital stratediéis particular, these strategies

include courses focused on skillssiieb and mobile development, data science and machine learning.

To date AT&T has spent over $200 million per year to design this internal training curriculum, known

Fa a¢ | YAOGSNEAGE:EET YR KIFa It NBIFRe | OterBahySR 2 @S|
by those that were reskilled. In a similar effort, SHELL launched an online education effort titled the

G{ KStf ®F A 5SS @33% @Hidv ®eluses onN@achiNg aftificial intelligence skills to its
employees.

The below Figure 7 shoviisat 60% of businesses believe they can see return on investment within
one year of funding reskilling for the average employee.

Figure 7 Probability distributions for the expected duration of upskilling or reskilling training programs
from 2023 to 2027and how long organizations surveyed expect to subsequently wait for a return on

this investment.

Share of responses (%)

Within Within Within Within Maore than Difficult
1 month 1 to 3 months 3 to 6 months 6 to 12 months 1 year to assess
Bl Expected duration Il Expected ROI

Source

orld Economic Forum, Future of Jobs Survey 2023.

Figure 8:Expected composition of Training Providers 2QR27

Employer-sponsored apprenticeships Licensed training from professional associations Private-sector

15.4% 12.5% online-leamning platforms

11.5%
On-the-job training and coaching

Intemal training departments 26.7%

23.5%
Universities and other
educational institutions
9.5%

Source

28 https://www.udacity.com/gethired/att

2 https://www.shell.com/energyand-innovation/digitalisation/digitattechnologies/shethi.html
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Figure 9Barriers to Business Transformation 26Z®7- Share of organizations surveyedpexting
these factors will limit the transformation of their business.

1. Skills gaps in the local labour market 59.7%
2. Inability to atiract talent 53.4%
3. Qutdated or inflexible regulatory framework 41.9%
4. Ekills gaps among the crganization’s leadership 37.3%
5. Shortage of investment capital 37.2%
6. Insufficient understanding of opportunities 32.6%

Skills gaps in the local labour market are seen as a greater barrier to business transformation (60%)
than a shortage of investment capital (37%), by companies in virtually everstiptiu

4. Conclusions and Recommendations:

ENGINEERS EUROPE conducted-ineosurvey between 15 May and 15 July 2023. For the seven
countries being part of the E4E consortium, 802 answers were collected of which 75% were filled out
by malerespondents. A large majority (88%) of respondents were professionally active and 65% of
respondents had acquired more than 10 years of professional experience, be it in the industry or
educational sector. The outcome of the survey seems to be congrudntarsistent with the research
conducted. Following conclusions can be drawn:

1. A strong positioning statementabout the profession of engineer is required for all public
communications to make a clear case why engineering mati@&ntice youngpeopleto
learnmore aboutengineeringijt's goingto take more engagemenfrom engineers.

2. Engineers are best served witlompetencybased learningand by an assessment of their
learning outcomesas the sum of what he/she is expected to know, understand and be able to
demonstrate after completion of a learning experience, i.e. knowledge, skills and wider
competences (attitudes).

ody AYONBIASRIABYLKY RAKRt RYye | YRAPYODAXNBYYSgaAY 51
INBIl G§SNUzdza $F e FX Yy WRIARYSSNAYy I LINRPOS&asSa ogAff
OKFy3aSa Ay (KS SyaaySSNAy3d LNBRSadAZY 27F AN R
AYyy2@la2y FTYR (SOKy2t{23A0F8 BEFSSH2LIWFERIDABEY
GKSNBoe (KS Y2ad AYLRNIIYy(d G§SOKyAOFf O2YLISGS)
GKS (NI}yaiszy 2F | YaKB dgRSENAVI gREYySO02¥2&8z0
OANDdzE  NJ SO2y2Ye LINAYyOALX Sa

30World Economic Fam,The Future of Jobs Repavtay 2023, p. 49.
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nat2SHSNI LINBLI NB Sy3IAySSNE @8 NI deiSzOdNER NEg A g &
ddzadrAyroAftAGe LINAYOALX SAYyR Yl NI2ZNYWA Y I SYARNISSA.
LJ- NJ Y Z£haggésdin education curricula and CRl provide the means to saport the
adaptation of the SDGs into everyday practiteli A& 2@0SNIff 6ARSte& |
SYIAYSSNAyYy3I SRdzOl a2y YR GNIAYAYy3 LINPINFIYE &
SELR&AYI GKSY G2 SYSNBAYy3 GSOmy 2fy? By yISYSRA i/
GKIG &aiGdzRSyda NBIj dzai NB2 yY 2 NB LIS NG Syayii St NKaNRRIYIE |
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5. ! YAOSNEAaSAKUSOKYAOIf aAO0OKR2FBNNYR GKBAYFROENDG S
GKIFG FEATya ¢AbK Y difle SoleDoBsinesif pragréngs of@ekilling and
upskilling can be to directly drive such efforts and define the approach.
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M nAMonnegligible share afewly created jobswill be in completely new occupations, or existing
occupations undenging significant transformations in content and skills requirements.
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M HSRills gaps in the local labour market are seen as a grbatger to business transformation
(60%) than a shortage of investment capital (37%), by companies in virtually every iddustry
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M nEhtrepreneurshiprepresents a key competence for improving the European competitiveness
and R&D will have to focus on the development of a social and green econoMP. FS&a a A 2y | €
OYIAYSSNAYI hNBIYAT | oRIMBY OtziMRA ISy OFHMNREAS G 1 KE2 B!
& dzLJLJ2 NIi VA= LINBY20G S SYGNBLNBYSdZNAEKAL] I Y2y:
AYGSNRAAOALI AVIKNER dzBDRf G2 N3 MIK223A YR &ASYAYIl NA
SYGNBLINBYSdzZNAKALI GNY¥AYyAYy3d O2dzNESE D
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1.2 Analysis byAssociation of European Civil Engineering Faculties (AECEF)

1. Introduction

oDefinition of SDGsand GreenDealimplementationlandscapein your country acrossthe VETand
busines®cosystera ®

AECEIK an Europeanssaciatiorof CivilEngineerind-aculties (www.aecef.net) Therefore the scope

of thistext Isto addressHigherEducatiorof CivilEngineersThetext waspreparedto presentadvances
in the adaptationof CivilEngineeringundergraduateand graduateeducationand of the continuing

professionaldevelopmenttraining programsto the consequencesf the United NationsSustainable
DevelopmentGoalsinitiative. Severakventstook placeand AECEwaspromoter of the conference
on12November2021entitled & ¢ R&eof Educatiorof CivilEngineersn the Implementationof SDGs
(Sustainabl®evelopmenD 2 | £ a0 € &

The topics mostly addressedof the set of SDGsvere SDG6- Cleanwater and sanitation, SDG7-
Affordableandcleanenergy,SDG& Decentwork andeconomicgrowth, SDGY; Industry,innovation
and infrastructure,SDG1L, Sustainableitiesandcommunities SDG13 Climateaction,SDG14; Life
below water and SDG1%;, Life on land. Theseimportant issueswere investigatedto underlinethe
relevanceandimpactof the qualificationof CivilEngineergfuture and active)in the developmentof
asustainablevorld.

Anotherrelevantinitiative wasthe associatiorparticipationin the projectsof the TUNINGacademy
(www.academy.or}jin the areaof definingnecessaryjualificationframeworksof the competenceof
the Civil Engineers to handle the UNSDG&nd the Green Deal implicationsfor society and for
professionalsRelatedwith the EUGreenDealthe strategywasto considerthe Green Competence
Frameworkfor Sustainability(GreenComp https://joint -researchcentre.ec.europa.eu/greencomp
europeansustainabilitycompeterce-framework _er) and the possible changesin the existing
competenceframework for CivilEngineersn the bachelorand masterlevels(levels6 and 7 of the
EuropearQualificationFramework).

Asaresultof the workinggroup activitiesof the AECEmembersin the projectthree - nonexclusive
optionsto proceedwere:

a) Incorporate GreenComgequirementswhile adaptingits descriptorsin the CivilEngineering CE)
framework;

b) Createspecificnew competence(sto add to the existing CEframework (possiblyadding new
dimensions);

c¢) Join GreenCompwith the existing CEframework by emphasizingvhere to incorporate learning
outcomeswhendesigningspecificorogrammes.

Thethird option waschosenandsomeof the competencedescriptorsthat were adaptedwere Critical
Reflection, Judgements, Synthesising,Design, Creativity, Knowledge, Ethics, Decsion Making,
Communication,TeamWorking, Leadershipand ProfessionalDevelopment.Civil Engineeringwill

probablyneedto focusonthe wayin whichthe disciplineandits practiceis adaptingto changingsocial

needs,new knowledge/awarenessandtheoreticalunderpinningsof valueframeworks.
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A concreteexamplefor CHs, from the CEcompetenceframework,the Dimension3: Design Subsef

L6_3.2Safe, sustainableand of low impact designsa 5 S Fahd/d8scribe key aspectsof safety,
sustainabilityand impact on societyand environmentrelated to civil engineeringphenomenaandto

the ethical obligation and socialresponsibilityof professionalS y 3 A y'rBefrisfhat the designer
shouldreconsiderhis priorities: valuingsustainabilityand critical thinking. Thisexistsin the example
of GreenConon its page39.

2. Quantitative indicatorson the evolvingnature of the engineeringprofession
Most significantonesfor AECE CivilEngineeringre for the lastfive years:

- Numberof programsof CEbachelor masteranddoctoral)

- Numberof graduates

- Numberof CDRprogramsincludingonline

- Numberof registeredprofessionalshationaland European

- Numberof CEEURNGcertificates

- Numberof non-EuropearCEregisteredprofessionals

- Numberof CEconferences,nationaland European

- Numberof CEundedprojectsby EU

- Salarieof CEprofessionalspationaland European

3. Qualitative descriptionsof the evolvingnature of the engineeringprofession

Qualityof CEmedianews

Promotionof Rehabilitationprojeds

Eventscreatedby CErelatedinitiativeslike the NewBauhaus

Mediarelatedwith CBEmpactwith Sustainability

Associationsndorganisationgledicatedto CEand Sustainability

4. Opportunities

Theintroduction of educationalprogrammesdocusingon the protection of the environmentandthe
sustainabledevelopmentin the CEcurriculais a verychallengingproceduredueto two mainfactors:

a) Thefactthat, historically,engineerglayeda veryactiverole in economicdevelopment,and
duringsomeperiodsthey actuallyformed the leadingforce, without althoughequallydeveloping
their socialstructureaswell.
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b) It isnowadayslemandedby CEo havebroaderknowledge skillsandattitudesthanthe traditional

ones,whichusedto focusmainlyonthe constructionsector.Thereis anintensedemandfor engineers
to provide sustainableand environmentallyfriendly solutionsunder the conceptof EUAgenda2030
andthe GreenDeal.

Thenext stageneedsthe ¢ 2 NJeriRjieringexpertson power generationandtransmissionglectric
vehicles hydrogenfuel cells,artificial intelligencefor energysystemsmanagementurban designfor
energyefficiencyand publictransport,andrelated specialistsDiplomats rather than engineershave
been at the forefront at UN climate summitsfor the past 24 years.Thetime for engineersto take
centrestagehasarrived.

Moreover, the importance of educating engineers,to successfullydeliver on the UNSDGsjs

highlightedin the recentUNESC@port onengineeing:& 9 y 3 A ye8uSahdkpfagsa crucialrole in

overcomingthe challengegosedin achievingthe SDGsAchievingthese goalsnecessitates shift in

engineeringeducationawayfrom a focuson academidechnicalknowledgetowardsa muchbroader
interdisciplinary and complex problemsolving approach that combines societal and sustainable
problemanalysesvith academidechnicalknowledgeandd 2 £ dzii A 2 y & ® ¢

5. Needs

Thepromotionof interdisciplinaryjknowledgeandresearchin the field of environmentandsustainable
developmentfor CEare:

wTheprovisionof a high-quality educationandtrainingto promote a positiveattitude and behaviour
regardingthe sensitiveissuesof environmentalprotection and sustainabledevelopmentfor CE.

wThetrainingof newgraduatesandprofessionalg@imingat the upgradeof the humanpotential of the
CEin the contextof a dynamiceconomicandtechnologicablevelopmentpolicy.

wTheintensivespecialisationn the relevantvital issuesaiming at the formation of well-equipped
graduatedrom the CEprogrammeand providingthem with suitablemeansfor professionatareersin
the publicor privatesectoror for the continuationof their postgraduatestudiesat the doctoratelevel
andmostlyfor CPDof activeCE.

6. Challenges

CEEngineeringeducation(EE)and CEContinuingEngineeringeducation(CEEgare crucialin handling
the scaleand complexityof the gapbetweenexistingsolutionsand the needsfacingour planet. Civil
engineersare uniquely placedto act on this opportunity. Lifelonglearninghas developedand can
continueto developglobalinitiativesto addresghosetwenty-first centurychallengeghreateningthe
survival of human kind through collaboration, design, creative thinking and engineering. The
implementation has shown that it may motivate the CEengineeringcommunity and influence a
majority of stakeholdergo engagewith a frameworkof globalsustainabledevelopment.
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CEEEand CEEcaninfluencein the short term the involvementof the engineeringcommunity and
related sectorsto a global commitment in implementing this call to service. This change and
improvementcanbe mostlyachievedviaeducationandtrainingof the engineeringcommunityaround
the world, as CEand related stakeholdershave a major influencein the g 2 NXdé&v€lagpment.lt is
crucialthat within aglobalandinternationalarenathat CEengagesn sustainableneasurego ensure
afuture for the world. Someinitiatives,like SERINAndthe Porto Declarationcanact asbeaconand
motivation for all and especiallyfor active engineersand for future engineers.The contribution of
these initiatives can arise from examplesof related activities,the role of online learningin CECEE
sustainablecoursessomeguidelinesor CEonline sustainablecoursesandthe provisionof CEraining
andeducationfor a sustainableworld.

CEin somecountrieshave compulsoryperiodic CEEand continuingprofessionadevelopment(CPD)
to keeptheir statusasengineers Professionabrganizationsgovernmentagenciescompanies,non-

governmental organizationsand policy makers can transform the competencesof active Civil

EngineershroughCPDand CEEo includethoserelatedwith sustainability Thetransformationcanbe

achievedby legislation,by incentives(time or money), by awarenesscampaignsor by creation of

availablemodules.Civil Engineersare usedto attend this type of training giventhe fact that their

professionis evolvingconstantly.

A possibleincentiveto engageactive CivilEngineersn CPDandin CEEbn topicsof sustainabilitycan
be the recognition of qualificationson sustainability. The title of CEsustainableengineermaybe
awarded to those willing to be trained. The title could bring prestige to the engineer, higher
employabilityand an increasein salaries.ThisCPDand CEEcan be formal learning, organizedand
structuredthrough formal evaluationand assessmenin traditional educationsystemsor non-formal
learningembeddedin plannedactivitiescontainingimportant learningelements.Theoverachingaim
of enhancingsustainabilityCEcompetencess to havein placea systemto documentandto validate
the competenceghat will be easilyrecognizedy companiesprofessionabrganizationsaandsociety.

Another possibleimprovementis to have mandatory sustainabilityeducationand training for Civil
Engineeringorograms.Currently,professionalqualificationframeworksof engineersalreadyrequire
competencesin the area of sustainability.The problem is that many engineeringprogramsfrom
academiado not complyfully with the demandsof the CEprofessionalualificationframeworksand
manyCEgraduatesdo not havethe necessargustainabilitycompetencesn termsof knowledge skills
and attitudes. In this caseof transformingthe CEhigher educaton programsmay be only viable
throughthe interventionof legislativebranches.

7. Conclusionsaind Recommendations

Therole of CivilEngineersn the globaleffort to implementthe SustainabléevelopmeniGoalsandof

the GreenCompgrameworkis of outmog importance.Thisis why we needto investin adaptingthe CE
education of the new engineersso that they can understandthe concept of the sustainable
developmentgoalsandthey cancontribute to the processof their implementation.Many CEhigher
educaton institutionsfrom all overthe world, acknowledginghe necessityto respondto the societal
changesand are focusingon the adaptationof their CEstudy programsto be as much as possible
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compatiblewith the implementationof the SustainableDevelopmet Goalsand of the GreenComp
framework.

Severalinitiatives have shownthat it is possibleto gather examplesand casestudiesvaluablefor

preparationof CEfuture graduatesand CEactive engineersin the areaof sustainability.A possible
solutionis to have stakeholdersto furnish databaseswith CEexamplesand CEcasestudies,of CE
training programsand of CEinitiativesthat canbring hope for those concernedwith the future. That
canbring hope and optimism while developingan active mind set about respectof UNSDGand of

GreenCompnactingits implementationin planningand executingfuture CEprojects.

Adaptingto changeis one of the mostdifficult andcomplexhumanchallengeso navigatesuccessfully.
Yetno personor communityhasanyimmunity for change.Thedawn of the third decadeof the 21st
Centuryhasswiftly heraldedunimaginableshifts and challengesacrossthe globewithout exception.
Sotoo, it hasrevealedsignsof tremendousaccomplishmentsf ingenuityandof adaptability,buoyed
by resilienthumanspirit and by desireto succeedagainstimmenseadversity.Againstthis backdrop,
the decadeaheadfor CivilEngineergouldhardlybe more significant,demanding and excitingfor the
bestof CivilEngineerandof academicasproblemsolvers.

As CEstudents, professionalseducatorsand administrators,one canlook to the enormity of 2030
deadlinetargets of the UNSDGsvith a renewedsenseof purpose,urgencyand optimism, knowing
that the world hasdemonstratedits ability to adaptat a scaleof unprecedentedsolvingmeasuresat
the blinkof aneye.
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1.3 Analysis by Federation of European Heating, Ventilation, and Air
Conditioning associations (REHVA)

Introduction

REHVA is The Federation of European Heating, Ventilation and Air Conditioning Associations. REHVA is
an umbrella organization that represents over 120,000 HVAC designers, building services engineers,
technicians, and experts across 26 European Countries.

In this report, we provide the perspective on the future of the engineering profession in the HVAC
sectorin the countries that REHVA represents:
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When it comes to the implementation landscape of the SDGs and the Green Deal in Europe, the
Vocational Education and Training (VET) sector and the business ecosystem play crucial roles.

VET Sectoithe VET sector plays a significaneroi preparing the current and future workforce with
the necessary skills and knowledge to contribute to sustainable development and the green economy.

VET institutions and programs can incorporate sustainability and green skills into their curricula to
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ensure that learners are equipped with the competencies needed for sustainable practices in various
sectors.

Training Programs VET institutions can develop specialized training programs that focus on
sustainability, renewable energy, resource efficienagutar economy, and other green technologies.
These programs can provide practical skills and knowledge for individuals to contribute to the
implementation of the SDGs and the Green Deal.

Skills DevelopmentVET can play a pivotal role in upskilling arekiténg the existing workforce to
meet the demands of the green economy. By identifying skill gaps and offering relevant training
opportunities, the VET sector can support the transition towards sustainable practices across different
industries.

BusinessE=cosystemthe business ecosystem, including both large corporations and SMEs (Small and
Medium-sized Enterprises), plays a crucial role in driving sustainable development and the
implementation of the Green Deal. Businesses can integrate the SDGs aBdethe Deal principles

into their strategies, operations, and products/services.

Sustainable Practicesdbusinesses can adopt sustainable practices such as reducing greenhouse gas
emissions, implementing energgfficient measures, adopting circular econonmnpiples, promoting
responsible supply chains, and ensuring social and environmental responsibility throughout their
operations.

Innovation and Investment the Green Deal offers opportunities for businesses to innovate and
develop new sustainable solutisnand technologies. By investing in research and development,
businesses can contribute to achieving the SDGs and the goals of the Green Deal while also fostering
economic growth and competitiveness.

Collaboration and Partnershipscollaboration between bainesses, government entities, VET
institutions, and civil society organizations is crucial for the successful implementation of the SDGs and
the Green Deal. Partnerships can facilitate knowledge sharing, joint initiatives, and the exchange of
best practies, creating a more supportive ecosystem for sustainable development.

In summary, the implementation landscape of the SDGs and the Green Deal in Europe across the VET
and business ecosystem involves integrating sustainability into VET curricula, upslahivarkforce,

adopting sustainable practices in businesses, fostering innovation and investment, and promoting
collaboration and partnerships for effective implementation.

Quantitative indicators on the evolving nature of the engineering profession: kwog of
the HVAC engineering profession

It's important to note that specific quantitative data may vary depending on the country, market
conditions, and available studies. Overall, these are the key aspects to consider from a European
perspective for whaconcern the HVAC sector that REHVA represents:
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1 Energy Efficiency Regulationshe EU has been at the forefront of implementing energy
efficiency regulations to reduce carbon emissions and promote sustainability. Directives like
the Energy Performance of Buildings Directive (EPBD) and the Ecodesign Directive have
influenced the HV& industry by setting efficiency standards for heating and cooling
equipment. Compliance with these regulations has driven the demand for esedfigient
HVAC systems and has influenced engineering practices in the region.

1 Renewable Energyntegration: the EU has been actively promoting renewable energy
integration, such as solar, wind, and geothermal, into building designs. This integration
involves the use of heat pumps, solar thermal systems, and other technologies. Quantitative
information on the installation rates of renewable energy systems integrated with HVAC
engineering solutions can provide insights into the evolving nature of the profession in the EU
region.

1 Building Energy Performanceéhe EU has set targets and established fraumiks to improve
the energy performance of buildings. This includes initiatives like Nearlyefengy Buildings
(nZEB) and the Energy Performance Certificate (EPC) system. Quantitative data on the number
of nZEBcompliant buildings, EPC ratings, ande¢hergy performance improvements achieved
can reflect the evolving nature of HVAC engineering practices in the EU.

1 Professional Associations and Certificationsprofessional organizations and certification
bodies in the EU, such as REHVA (Federation afp&am Heating, Ventilation, and Air
Conditioning Associations) and its natiotealel member associations, offer certifications and
O2y RdzOG adzNBSeéea (2 3+ dzAS AYyRdzAGNE GNBYRaA® 5853
monitoring the number of cdified HVAC engineers and industry surveys conducted at the
national level by such organizations could provide quantitative insights into the evolving
nature of the profession in the EU.

1 Research and Development Fundinthpe EU invests in research and d®pment to drive
innovation in the HVAC sector. Funding programs like Horizon Europe and LIFE Clean Energy
Transition support projects related to energy efficiency, smart buildings, and sustainable
technologies. Quantitative information on R&D fundingedited to HVA@elated projects can
indicate the evolving nature of the profession and the industry's commitment to innovation in
the EU region.
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Qualitative descriptions of the evolving nature of the engineering professi&wolving of
the HVAC enginaéng profession

The general insights into the evolving nature of the HVAC engineering profession in the European
Union (EU) region as agreed by the leading experts are as follows:

1 Energy Efficiency and Sustainabilitpne of the significant trends in thdVAC engineering
profession in the EU is the increasing focus on energy efficiency and sustainability. With the
aim of reducing carbon emissions and achieving climate targets, there has been a growing
demand for energefficient HVAC systems and renewadiergy integration. HVAC engineers
are expected to design, install, and maintain systems that minimize energy consumption while
maximizing performance.

1 Renewable Energy Integratiorthe EU has been promoting the integration of renewable
energy sources inttdlVAC systems. This includes incorporating technologies such as solar
thermal, geothermal, and heat pumps to provide heating and cooling solutions. HVAC
engineers are required to have knowledge and expertise in designing and optimizing these
systems to utize renewable energy effectively.

1 Indoor Air Quality and Healththere is an increasing emphasis on indoor air quality and its
impact on occupant health and wdieing. HVAC engineers are expected to design systems
that provide proper ventilation, filtrabn, and air purification to ensure a healthy indoor
environment. This includes addressing issues such as humidity control, pollutant removal, and
thermal comfort.

1 Smart Building Integrationthe rise of smart building technologies has influenced the HVAC
engineering profession. Integrated building management systems, Internet of Things (l1oT)
devices, and advanced controls are being used to optimize HVAC system operation, enhance
energy efficiency, and enable remote monitoring and control. HVAC engineerscuired to
have knowledge of these technologies and their integration into building systems.

1 Regulatory and Environmental Standardhe EU has implemented various regulations and
standards to promote energy efficiency, reduce greenhouse gas emisaimhansure the safe
operation of HVAC systems. HVAC engineers need to stay updated with these regulations, such
as the European Union's Ecodesign Directive and Energy Performance of Buildings Directive
(EPBD), to comply with the requirements and incorperiiem into their designs.

9 Skills and Trainingthe evolving nature of the HVAC engineering profession in the EU demands
continuous learning and skill development. HVAC engineers are encouraged to stay updated
with the latest technologies, energgfficient practices, and environmental standards through
professional development courses and certifications. This includes gaining knowledge in areas
such as advanced controls, energy modelling, and building simulation.

It's important to bear in mind that thedVAC engineering profession can vary across different EU
countries due to variations in climate, building regulations, and market conditions. Therefore, it's
advisable to consult specific regional or national sources for more detailed attddade information

on the evolving nature of the HVAC engineering profession in a particular EU country.
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Opportunities, Needs, Challenges, and Recommendations for the Engineering Profession in
the HVAC Sector

To be able to provide the perspective of the HVAC sectbiMREhas conducted a study among its
Member Associations and has elaborated a specific questionnaire that aims to outline the evolution of
the Engineering profession in the HVAC sector.

In this section, you will find the methodology used to conduct shedy as well as the results from
each country.

METHODOLOGY

The questionnaire has been shared with our Member Associations, our REHVA Supporters
Committee representatives as well as the Educational and Training Committee representatives. We
have gathered (G 2GFf 2F Hn NBLI ASE GKIG LINRPGARSE || O2 dzy

To build our questionnaire and collect results REHVA applied the following methodology:
1. Define the Objectives:

REHVA clearljefined the objectives of the questionnaire, whiénclude assessing, anticipating, and
monitoring the evolution of the Engineering Profession in the HVAC s¥¢®have specifiethat the
questionnaire aims to gather quantitative indicators on the evolving nature of the engineering
profession in the HXC sector across the 26 countries represented by RE#dAanphasize the
relevance of the questionnaire for the Euhded project E4E and its goal of providing a clear vision
for the Engineers Profession needs and challenges.

2. Develop Questionnaire Structkeir

We have created a simplgoogleFormto collect accurate information in a limited amount of time.
Furthermore, we have dividethe questionnaire into sections correspding to the identified key
themesensuiingthat the questions are clear, concise, and easily understandable by the respondents.
We then includeda mix of multiplechoice questions, rating scales, and ofmmed questions to
gather both quantitative and aalitative data.

3. Quantitative Indicators:

Besides REHVA developggkstions that elicit quantitative data regarding the evolving nature of the
engineering profession in the HVAC seetod we have decided to usating scales or numerical input
fields to quantify the responses.

4. Qualitative Insights:

Through theopenended questions REHVAgathered qualitative insights and opinions from the
respondents.lt was essential to rcourage respondents to share their experiences, challenges, and
recommendations related to the engineering profession in the HVAC sddiese insigts that we
have collecteatan provide valuable context and help in understanding the quantitative indicators.
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5. Dissemination and Data Collection:

REHVA disseminat¢he questionnaire among its members in the 26 represented countigshave
utilizedvarious channels, such as email, online platforms, and social media, totreatdtality of our
network.

6. Data Analysis:

REHVA grformed quantitative analysis by aggregating and summarizing the quantitative data
obtained from multiplechoice and rating scalguestions.Furthermore, the results are elaborated in
this report by country to provide the reader with a consolidated view of each of the countries
represented by our organization.

RESULTS ANALYSIS
REHVAathered 20 replies from 17 countries:
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Do you think that in your country there are opportunities for engineers in the HVAC sector?

20 responses

10.0
7.5
5.0

2.5
1 (5%)

0(0%)  0(0%) * 0(0%) 0(0%) 0(0%) 0(0%)  0(0%)
0.0 I \ \ | | | I
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Figure2: question 1

We can state that for the countries represented the majority thinks that there are enough
opportunities to cover the market offer. An isolated case is France which the opportunities have been
da02NBR a WHQO

In the secad section of the questionnaire, our Members have been asked to provide a brief country

perspective on the needs, challenges, and recommendations of the engineering profession in the HVAC
sector.

We have decided to showcase the results per country to Ioéttealize on the national dimension and
take into consideration that specific quantitative data may vary depending on the country, and market
conditions.

In the following section, we, therefore, provide a country fiche for each respondent identifying the
main needs, challenges, and recommendations for the engineering profession in the HVAC sector.

Denmark . -
Needs H

In the HVAC sector in Denmark, the engineering profession has several main needs that have been
identified. These needs revolve around three kaneas: knowledge of rules, regulations, and
standards practical experienceand education.

Sufficient knowledge of rules, regulations, and standards the HVAC sector, it is crucial for
engineers to have a strong understanding of the rules, regulatiand standards that govern the
design, installation, and operation of heating, ventilation, and air conditioning systems. This includes
knowledge of Danish building codes, energy efficiency requirements, indoor air quality guidelines, and
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environmental rgulations. Engineers need to stay updated with the latest revisions and amendments
to ensure compliance and to deliver safe and efficient HVYAC solutions.

Lack of practical experiencéAnother important need in the HVAC engineering profession is practical
experience. While theoretical knowledge is essential, practical experience allows engineers to apply
their knowledge effectively in reaborld scenarios. It helps them understand the practical challenges,
complexities, and nuances of HVAC system desigallatin, and maintenance. Practical experience
also enables engineers to develop probleoiving skills and learn from relife situations, ultimately
enhancing their competence and expertise in the field.

Need for education Continuouseducation plays a crucial role in the HVAC engineering profession.
Technology and industry practices in the HVAC sector are constantly evolving, driven by factors such
as energy efficiency goals, sustainability, and advancements in HVAC systems and. demginkers

need to stay updated with the latest developments, emerging trends, and best practices. Continuing
education programs, workshops, seminars, and professional certifications provide opportunities for
engineers to enhance their knowledge, acquirew skills, and stay abreast of the latest industry
standards and technologies.

Additionally, the HVAC sector in Denmark has a growing focus on sustainable andeffieieyt
solutions. Engineers need to have a strong foundation in sustainable HVAG pesciples, energy
modelling and renewable energy integration. They should be familiar with concepts such as heat
recovery, passive cooling strategies, and optimizing HVAC systems for reduced energy consumption
and environmental impact.

Challenges

Themain challenges identified are as follows:

All is being computerized, and manual checks are ignorEde HVAC industry is increasingly adopting
automation and computerized systems fibre design, installation, and operation of HVAC systems.
While automation brings efficiency and accuracy, there is a risk of overreliance on computerized
processes, leading to the neglect of manual checks. This can result in errors or oversights that may
compromise the safety, performance, and efficiency of HVAC systemseé&rsgieed to find a balance
between utilizing computerized tools and conducting manual checks to ensure the reliability and
quality of HVAC installations.

Economic pressure prioritizes cost over qualitfhe HVAC industry, like any other sector, faces
ecoromic pressure, with a focus on cost reduction and maximizing profits. In such a climate, there is a
risk of prioritizing financial considerations over quality. This can lead to compromises in the selection
of equipment, materials, and installation practcgotentially compromising the performance, energy
efficiency, and durability of HYAC systems. Engineers need to advocate for the importance of quality
and longterm value to ensure that HVAC projects meet the required standards and deliver optimal
performance over their lifespan.

Crosstechnical knowledge is lackingrhe HVAC sector is multidisciplinary, requiring knowledge and
expertise across various technical domains. This incladesmderstanding of thermodynamics, fluid
mechanics, electrical systenntrol systems, and building science. However, there is often a lack of
crosstechnical knowledge among HVAC engineers. This can hinder effective collaboration and
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communication between professionals from different disciplines involved in HVAC pr@gecisg to
suboptimal designs and inefficient system integration. Encouraging interdisciplinary training,
promoting knowledge sharing, and fostering collaboration among professionals from different
technical backgrounds can help address this challenge.

Recommendations:

To address the needs, collaboration between industry stakeholders, educational institutions, and
professional organizations is crucial. Industry professionals should participate in knovsleatiyey
initiatives, mentorship programs, and instry-academia partnerships. This collaboration can help
bridge the gap between theoretical knowledge and practical experience, improve educational
programs, and ensure that the engineering profession in the HVAC sector in Denmark remains
competent, innovéve, and adaptable to evolving industry requiremenitsaddition, according to our
Danish members, it is essential to focus on qualificatitiris.essential to emphasize the importance

of continuous learning and professional development within the H\A@ineering profession.
Companies should encourage and support engineers to pursue upskilling opportunities. To ensure a
high level of competence and knowledge among HVAC engineers, it can be beneficial to introduce
mandatory upskilling requirements. Coamies in the HVAC sector could be required to send their
engineers to relevant qualification courses periodically. This would help address any gaps in
knowledge, keep professionals updated with the latest industry developments, and enhance the
overall quaity of HVAC engineering services.

Needs

1. Building physics: Building physics plays a crucial role in designing and maintainingefficiemt
HVAC systems. It involves understanding how heat, moisture, and airflow interact within a
building. The need for expertise in building physics arises from the requirement to optimize
heating, ventilation, and air conditioning systems to ensure energy efficiency, occupant comfort,
and indoor air quality.

2. Renovation of buildings: Estonia, like myaother countries, has a significant number of existing
buildings that need renovation and modernization. These buildings often have outdated HVAC
systems that are not energgfficient. The engineering profession in the HVAC sector needs to
address the raovation of buildings by upgrading or replacing HVAC systems, improving energy
efficiency, and integrating renewable energy sources where possible.

3. Moisture safety: Moisture management is critical for maintaining the durability and indoor air
quality of buildings. Moistureelated issues can lead to growth, structural damage, and health
problems. The engineering profession in the HVAC sector needs to focus on designing and
implementing moisture control strategies, such as proper ventilatiorpovabarriers, and
moistureresistant materials, to ensure the lostgrm safety and performance of buildings.

4. Additional insulation of the building envelope: Adequate insulation of the building envelope is
essential for reducing heat loss or gain, improvamgrgy efficiency, and enhancing occupant
comfort. The engineering profession needs to address the need for additional insulation in existing
buildings, as well as ensure that new construction projects meet high insulation standards. This

Funded by the European Union. Views and opinions expressed are however those of the author(s) only

and do not necessarily reflect those of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

52



*

% R Co-funded by
ENGINEERS4EUROPE **** the European Union

may involve condcting energy audits, recommending insulation materials and techniques, and
promoting energyefficient building practices.

Overall, the Engineering Profession in the HVAC sector in Estonia needs to prioritize building physics,
renovation of buildings, madigre safety, and additional insulation of the building envelope to enhance
energy efficiency, indoor air quality, and occupant comfort. By addressing these needs, the profession
can contribute to sustainable and resilient building practices in Estonia.

Chdlenges

1. Finance for renovation: One of the significant challenges in the HVAC sector is the availability of
finance for building renovations. Renovating buildings to improve their energy efficiency and
upgrade HVAC systems can be expensive. Lack of aodassncing options or limited financial
resources can hinder the implementation of necessary renovations. The engineering profession in
the HVAC sector needs to navigate this challenge by exploring financing mechanisms, such as
government grants, subsis, lowinterest loans, or innovative financing models, to make
renovation projects more financially feasible for building owners.

2. Policy challenges: Policy frameworks and regulations play a crucial role in driving energy efficiency
and sustainable practs in the HVAC sector. However, the implementation and effectiveness of
policies can pose challenges. In Estonia, the engineering profession may face challenges related to
inconsistent or inadequate policies, complex regulatory requirements, or a lackarity an
standards and guidelines. It is important for professionals to stay updated with the latest policies,
advocate for favourable regulations, and actively engage with policymakers to address these
challenges and create an enabling environment fataimable HVAC practices.

3. Availability of skilled blueollar workers: The HVAC sector relies heavily on skilleddoliler
workers who can install, maintain, and operate HVAC systems effectively. However, the availability
of skilled workers can be a chlaige. Estonia, like many other countries, faces a shortage of
qualified HVAC technicians and tradespeople. The engineering profession needs to work towards
bridging this skill gap by promoting vocational training programs, apprenticeships, and
professionddevelopment opportunities. Collaboration with educational institutions and industry
stakeholders is essential to attract and train a skilled workforce to meet the demands of the HVAC
sector.

Recommendations:

Professional educationContinuous professioni@ducation and training are essential for engineers in

the HVAC sector to stay updated with the latest technologies, practices, and standards. The profession
should emphasize the importance of lifelong learning and encourage engineers to participate in
training programs, workshops, and industry conferences. Collaborating with educational institutions
and industry associations can help develop specialized HVAC curricula and certification programs that
align with the evolving needs of the industry. By promgtprofessional education, the engineering
profession can enhance the competency and expertise of HVAC engineers in Estonia.

Investment in R&DInvesting in research and development is crucial for innovation and advancement
in the HVAC sector. The engimieg profession should encourage, and support R&D initiatives aimed
at developing energefficient HVAC technologies, sustainable building materials, and smart control
systems. Collaboration between industry, academia, and research institutions canifogigation
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and drive the adoption of cuttingdge technologies in Estonia’'s HVAC sector. By investing in R&D, the
profession can contribute to the development of sustainable, -eff&ctive, and higiperformance
HVAC solutions.

Industry collaboration and kowledge sharing Collaboration among professionals, industry
stakeholders, and policymakers is vital for the growth and development of the HVAC sector. The
engineering profession should promotenowledgesharing platforms, industry associations, and
forums where experts can exchange ideas, best practices, and lessons learned. Collaborative efforts
can help address common challenges, advocate for favourable policies, and foster a culture of
innovation and continuous improvement in the HVAC sector.

Public avareness and outreachincreasing public awareness about the importance of energy
efficiency, indoor air quality, and sustainable HVAC practices is crucial. The engineering profession can
play a vital role in educating the public through campaigns, workshapd outreach programs. By
raising awareness about the benefits of enegjficient HVAC systems and promoting sustainable
building practices, the profession can drive demand for greener solutions and contribute to a more
sustainable built environment iEstonia

Finland
Needs

1. Hybrid systems: Hybrid systems in the HVAC sector combine multiple energy sources and
technologies to optimize energy efficiency and reduce environmental impact. Finland, being a
country with varying weather conditions, require3/NC systems that can adapt to different
seasons and integrate renewable energy sources effectively. The engineering profession needs to
focus on developing and implementing hybrid systems that combine technologies such as heat
pumps, solar energy, biomasand district heating to provide efficient heating, cooling, and
ventilation solutions. This involves designing system configurations, control strategies, and
integration methods that maximize energy savings and reduce greenhouse gas emissions.

2. Demand respnse: Demand response refers to the ability of HVAC systems to adjust their
operation based on changes in electricity demand and grid conditions. It involves shifting energy
consumption to offpeak hours or reducing energy usage during peak demand petioBgiland,
where energy markets and electricity pricing mechanisms are evolving, demand response
capabilities are increasingly important. The engineering profession needs to integrate demand
response features into HVAC systems, such as smart controlmanitoring systems that can
communicate with the grid. This allows buildings to participate in demand response programs,
contribute to grid stability, and achieve cost savings by optimizing energy consumption.

3. Demandbased ventilation: Demanbased ventgtion is an approach where ventilation rates are
adjusted based on the actual occupancy and air quality requirements of a building. Finland has
stringent regulations and guidelines for indoor air quality, and derdaamkd ventilation systems
can help enswe a healthy and comfortable indoor environment while minimizing energy waste.
The engineering profession should focus on designing and implementing ventilation systems that
use sensors, occupancy detection, and air quality monitoring to dynamically adjnskation
rates. This helps optimize energy consumption, reduce unnecessary ventilation when spaces are
unoccupied, and maintain excellent indoor air quality.
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Challenges

1. Being under the main contractor: In some construction projects, the engineeringgsioh in the
HVAC sector may face challenges when they are subcontracted under the main contractor. This
can lead to reduced control over the design, installation, and quality of HYAC systems. It may also
result in limited involvement in decisiemaking pocesses, making it challenging to implement
best practices and ensure optimal performance. The profession needs to navigate this challenge
by actively engaging with main contractors, advocating for their expertise and contributions, and
striving for colldorative working relationships that prioritize effective HVAC system design and
installation.

2. Divided contracts: Divided contracts occur when different aspects of a construction project,
including HVAC systems, are subcontracted to multiple entities.filgmentation can lead to
coordination difficulties, communication gaps, and potential conflicts between different
subcontractors. The engineering profession needs to address this challenge by actively
participating in project planning and coordination pesses, establishing effective communication
channels with other subcontractors, and promoting collaborative working relationships. By
emphasizing the importance of coordination and integration among different subcontractors, the
profession can mitigate #hchallenges associated with divided contracts.

3. Low respect: The engineering profession in the HVAC sector may sometimes face challenges
related to low respect or recognition for their expertise and contributions. This can arise from a
lack of understandingf the complexity and importance of HVAC sys$ein ensuring occupant
comfort, energy efficiency, and indoor air quality. To address this challenge, the profession needs
to proactively promote the value and significance of their work. This can be achieved through
educational outreach, awareness cangra, and engagement with stakeholders, policymakers,
and the public. By raising awareness and fostering a culture of respect for the engineering
profession, the challenges related to low respect can be mitigated.

Recommendations

Broad education Theengineering profession in the HVAC sector should prioritize broad education to
equip professionals with interdisciplinary knowledge and skills. HVAC systems are increasingly
integrated with other building systems, such as electrical, mechanical, and teypstems. By having

a broader understanding of these interconnected systems, engineers can design and implement more
efficient and integrated HVAC solutions. Collaborating with educational institutions to develop
comprehensive curricula that cover varioaspects of building science, energy management, and
sustainability will help address this recommendation.

Utilization of datadriven buildings The engineering profession should embrace edirigen
approaches in the design, operation, and maintenance \6AE systems. Advancements in sensor
technologies, data analytics, and building management systems offer opportunities to collect and
analyse reatime data on building performance and occupant behaviour. By utilizing this data,
engineers can optimize HVASystem performance, identify areas for improvement, and make
informed decisions to enhance energy efficiency and occupant comfort. Promoting the use -of data
driven tools and technologies will enable more effective and efficient HVAC solutions.

Smart buildhgs Smart building technologies, including Internet of Things (IoT) devices, can
significantly impact the HVAC sector. The engineering profession should focus on integrating smart
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building technologies with HVAC systems to enhance energy efficiency, amtcapmfort, and
operational performance. This involves designing and implementing advanced control systems,
leveraging reatime data for automated optimization, and utilizing predictive maintenance
techniques. By embracing smart building concepts, erggsean contribute to the development of
intelligent and sustainable HVAC solutions.

Hybrid systems The engineering profession should actively promote and implement hybrid HVAC
systems in Finland. Hybrid systems integrate multiple energy sources, sueimeagable energy
technologies (solar, geothermal, biomass) and conventional systems (heat pumps, district heating), to
achieve higher energy efficiency and reduce carbon emissions. Engineers should focus on designing
and optimizing hybrid systems that at@lored to the specific needs of buildings, considering factors

like climate conditions, energy availability, and building usage patterns. Encouraging the adoption of
hybrid systems will contribute to Finland's sustainability goals and energy transition.

France
Needs

1. More society recognition: The engineering profession in the HVAC sector requires greater
recognition and appreciation from society. HVAC engineers play a crucial role in ensuring energy
efficiency, indoor air quality, and occupant comfartauildings. However, their contributions are
often undervalued or not fully understood by the general public. By raising awareness about the
importance of the HVAC profession and its impact on sustainability and public health, society can
better recognizeand appreciate the work of HVAC engineers. This can be achieved through public
outreach campaigns, educational initiatives, and highlighting the role of HVAC professionals in
creating healthier and more sustainable built environments.

2. More training opportnities throughout the professional life: Continuous professional
development is essential for HYAC engineers to stayotgate with the latest technologies,
regulations, and industry best practices. The profession needs more training opportunities
throughout an engineer's professional life to enhance their skills and knowledge. This includes
both technical training related to HVAC systems, energy efficiency, and sustainability, as well as
broader professional skills such as project management and comatiamic Employers,
professional associations, and educational institutions should collaborate to provide ongoing
training programs, workshops, and certifications to support the professional growth of HVAC
engineers.

3. More material recognition (higher salasie Material recognition, in the form of higher salaries, is
an important aspect of attracting and retaining talent in the HVAC engineering profession. Highly
skilled HVAC engineers contribute significantly to the design, installation, and operatiorrgy-ene
efficient and sustainable HVAC systems. It is important to address the wage gap and ensure that
HVAC engineers are compensated fairly for their expertise and contributions. Employers, industry
associations, and policymakers should work together to ldista competitive salary structures
that reflect the value and complexity of the work carried out by HVAC engineers. This will help
attract and retain skilled professionals in the field.

Challenges
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1. Attracting young engineers: One of the primary challerfigeshe HVAC engineering profession in
France is attracting young talent to the field. To address this challenge, more society recognition
and awareness of the HVAC sector's importance and impact on sustainability and public health are
necessary. Additionly, offering competitive salaries and benefits can help attract young
engineers who have a wide range of career options. By showcasing the rewarding and impactful
nature of the HVAC profession, actively engaging with educational institutions, and prgmotin
career opportunities, the sector can attract a new generation of talented engineers.

2. Staying up to date in a highly evolving environment: The HVAC industry is constantly evolving,
driven by advancements in technology, changing regulations, and the entergénew practices.
Staying upo-date with these developments poses a significant challenge for engineers. They need
to continually update their knowledge and skills in areas such as energy efficiency, product
innovation, building controls, Building arfmation Modeling (BIM), and sustainable design
practices. Engaging in professional development activities, attending industry conferences,
participating in training programs, and actively seeking information about the latest trends and
regulations can helHVAC engineers remain-tqpdate and competitive in the industry.

3. Providing continuous education throughout professional life: Continuous education and lifelong
learning are crucial for HVAC engineers to maintain their professional competence and@dapt t
industry advancements. The challenge lies in establishing mechanisms and opportunities to
educate engineers throughout their entire professional life. The HVAC industry, including
employers, professional associations, and educational institutions, egragtey role in providing
accessible and relevant training programs, certifications, workshops, and seminars. By investing in
professional development initiatives and creating a culture of learning, the profession can support
engineers in expanding theikills, staying abreast of industry developments, and advancing their
careers.

Recommendations

Highlight the importance of HVAQhe engineering profession in the HVAC sector should actively work
towards highlighting the importance of HVAC systems in buildings. This can be achieved through public
awareness campaigns, educational initiatives, and industry advocacy. By showcasimgpabe of

HVAC systems on energy efficiency, indoor air quality, occupant comfort, and sustainability, the
profession can raise awareness among stakeholders, including building owners, architects, developers,
and policymakers. Emphasizing the crucial @iléiVAC systems will help position them as valuable
investments rather than mere cost centres.

Address competition and driveip quality: The HVAC sector in France often faces intense competition,
which can lead to a focus on cost reduction rather thanligp@nd performance. The engineering
profession should advocate for higher standards and best practices in HVAC design, installation, and
maintenance. This can be achieved through industry collaboration, establishing professional codes of
conduct, and promoting certifications that ensure the competence and expertise of HVAC
professionals. By driving up quality, the profession can build trust and demonstrate the value that well
designed and properly installed HVAC systems bring to buildings.

Maximize the vdue of HVAC system$&iVAC systems should be viewed as opportunities to add value
to real estate and minimize the carbon footprint of buildings. The engineering profession should
promote the integration of energefficient HVAC solutions, renewable energyhnologies, and
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sustainable design practices. By demonstrating the potential energy savings, improved occupant
comfort, and enhanced environmental performance of HVAC systems, professionals can position them
as investments that contribute to the lortgrm value and sustainability of real estate. Collaboration

with architects, developers, and other stakeholders is crucial in leveraging HVAC systems to their fullest
potential.

Hungary I

Needs I

1. Reduce energy prices: Energy prices have a significant imptw affordability and sustainability
of HVAC systems in Hungary. The engineering profession in the HVAC sector needs to work towards
reducing energy prices to make energfyicient solutions more financially viable for consumers.
This can be achieved thrgh advocating for favourable energy policies, promoting renewable
energy sources, and implementing enegpving measures. Collaboration with policymakers,
energy providers, and consumer organizations can help address this need and create a more
affordableenergy landscape for HVAC systems.

2. Improve comfort: The engineering profession should prioritize improving occupant comfort in
buildings. Comfort plays a vital role in ensuring productivity, health, andbe@ih. HVAC systems
need to be designed and opsed to provide optimal thermal comfort, humidity control, and air
distribution. This involves employing advanced control strategies, considering individual
preferences and diverse building usage patterns, and addressing thermal comfort standards. By
focusing on enhancing comfort, the profession can contribute to creating healthier and more
productive indoor environments in Hungary.

3. Enhance indoor air quality (IAQ): Indoor air quality is a crucial factor in maintaining a healthy and
comfortable indoor enybnment. The engineering profession should emphasize the importance
of IAQ in HVAC system design and operation. This includes adopting ventilation strategies that
provide adequate fresh air exchange, implementing air filtration and purification techne|cgid
ensuring proper maintenance practices. By prioritizing IAQ, the profession can help reduce the risk
of indoor pollutants, allergens, and airborne diseases, thereby promoting the health and well
being of building occupants.

4. Increase deep renovationBeep renovations involve comprehensive and enearfiicient retrofits
of buildings, including their HYAC systems. The engineering profession should focus on increasing
the rate of deep renovations in Hungary. This requires developing expertise in eigicggnt
HVAC system design, integration of renewable energy sources, and innovative insulation and
building envelope solutions. Collaboration with architects, contractors, and building owners is
essential in promoting deep renovations and making them ecounally feasible. By advocating
for deep renovations and providing the necessary expertise, the profession can contribute to the
energy transition and sustainability goals in Hungary.

Challenges

1. Operational Cost: One of the significamallenges for engineers in the HVAC sector is to optimize
operational costs. This involves finding ways to enhance energy efficiency and reduce energy
consumption in heating, cooling, and ventilation systems. Energy costs can be a significant burden
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for building owners and occupants, so engineers need to employ innovative design techniques,
select efficient equipment, and implement advanced control systems to minimize energy usage
while maintaining optimal indoor comfort.

2. Comfort and IAQ Measurements: Ensg occupant comfort and maintaining good indoor air
quality are crucial considerations in HVAC engineering. Engineers need to monitor and manage
various parameters such as temperature, humidity, airflow, and air quality to create a comfortable
and healtly indoor environment. Challenges arise in accurately measuring and controlling these
factors, especially in large and complex buildings. Engineers must utilize advanced sensors,
monitoring systems, and predictive analytics to assess and regulate comébragneffectively.

3. Renovation of Existing Buildings: Hungary, like many countries, has a significant number of aging
buildings that require renovation to meet modern energy efficiency standards and enhance
occupant comfort. Retrofitting existing HVAC sysdecan be challenging due to structural
limitations, outdated equipment, and complex integration requirements. Engineers need to
develop strategies for retrofitting HVAC systems, including upgrading equipment, improving
insulation, and optimizing airflowistribution. Balancing the need for energy efficiency, €ost
effectiveness, and minimal disruption during renovations poses additional challenges.

Recommendations

One of the key recommendations for the engineering profession in the HVAC sector in Hutgary is
utilize energy and comfort simulation tools for building design and optimization. Energy and comfort
simulations involve using computer models and advanced software to analyse and predict the
performance of HVAC systems in buildings.

1B
Needs

1. Enegy Efficiency and Sustainability: There is a growing demand for engineers who can design and
implement HVAC&R systems that prioritize energy efficiency and sustainability. This includes
developing innovative solutions to reduce energy consumption, optirbizlding performance,
and integrate renewable energy sources into HVAC systems.

2. Technological Advancements: With rapid advancements in technology, engineers in the HVAC
sector need to stay updated and skilled in the latest tools, software, and equipiieistincludes
expertise in automation, smart controls, data analytics, and the integration of Internet of Things
(IoT) devices to enhance system performance, monitoring, and maintenance.

3. Indoor Air Quality and Health: There is an increasing emphasisdoorirair quality and health
considerations in HVAC system design. Engineers are needed to ensure proper ventilation,
filtration, and air purification to maintain healthy and comfortable indoor environments. This
includes expertise in air quality testingnderstanding and implementing relevant codes and
standards, and designing systems that mitigate risks associated with pollutants and contaminants.

4. Retrofitting and Upgrading Existing Systems: Many buildings still rely on outdated HVAC systems
that are enegy-inefficient and require upgrades or retrofits. Engineers are needed to assess
existing systems, identify areas for improvement, and propose-effsttive solutions for
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optimizing performance and energy efficiency. Retrofitting also involves integratew
technologies into existing infrastructure and ensuring compatibility and seamless operation.

5. Regulatory Compliance and Environmental Regulations: HVAC engineers need to stay informed
and compliant with local and national regulations regarding eneffjgiency, emissions, and
environmental standards. This includes understanding and implementing guidelines such as
sustainable protocols certification, building codes, and induspgcific regulations to ensure
HVAC systems meet the required standards emratribute to sustainable practices.

Challenges

1. Energy Transition and Decarbonization: One of the key challenges for engineers in the HVAC sector
IS navigating the energy transition and supporting decarbonization goals by 2030 and 2050. This
includes finding innovative ways to reduce greenhouse gas emissions from HVAC systems,
transitioning to renewable energy sources, and designing enreffigient solutions while
maintaining optimal comfort levels.

2. Evolving Regulations and Standards: Engméethe HVAC sector must constantly stay updated
with evolving regulations and standards. Compliance with energy codes, environmental
regulations, safety guidelines, and indus$pecific standards poses a challenge as these
requirements change over timeKeeping abreast of new regulations and adapting designs
accordingly can be a complex task.

3. Technological Advancements and Complex Systems: HVAC systems are becoming increasingly
complex due to technological advancements and integration with other bgildipstems.
Engineers need to stay updated on the latest technologies, such as advanced control systems,
smart building automation, and energy management software. Navigating the integration of these
technologies and ensuring interoperability can be chaiag.

4. Skills Gap and Workforce Development: The HVAC sector requires skilled engineers who can
design, install, operate, maintain and commissioning sophisticated HVAC systems. However, there
is a growing concern about a skills gap and the need for wokkfdewelopment in the industry.
Addressing this challenge involves promoting STEM education, providing specialized training
programs, and attracting young talent to the field.

5. Cost Constraints, Budget Limitations and incentives: Cost considerations ofercipallenges for
engineers in the HVAC sector. Balancing the need for ergffigient and sustainable designs with
budget limitations can be demanding. Engineers must find-effettive solutions that provide
longterm benefits while working within pregt constraints and client budgets.

Recommendations

Continuous Education and Skill EnhancemeBtcourage engineers to pursue continuous education
and stay updated with the latest advancements in HVAC technology, energy efficiency practices, and
environmenal regulations. This can be achieved through professional development courses,
workshops, and certifications.

Embrace Sustainable Practicd3romote the integration of sustainable practices in HVAC design and
operation, such as energgfficient systems,anewable energy sources, and environmentally friendly
refrigerants. Engineers should prioritize sustainability to align with the country's goals for reducing
carbon emissions.
Foster Collaboration and Interdisciplinary ApproacEncourage collaboration beeen engineers,
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architects, building professionals, and other stakeholders involved in the HVAC sector. Emphasize the
importance of interdisciplinary teamwork to optimize system performance, energy efficiency, and
indoor air quality.

Promote Research andihovation: Encourage engineers to engage in research and innovation to drive
advancements in HVAC technology. This can include exploring new materials, improving system
controls, and developing cuttingdge solutions for energy optimization and indoor corhf
Enhance Awareness of Indoor Air Qualifyducate engineers and stakeholders about the significance
of indoor air quality and its impact on occupant health and comfort. Emphasize the importance of
designing and maintaining HVAC systems that priowtizéltration, ventilation, and pollutant control.
Advocate for Energifficient Retrofits Promote the retrofitting of existing HVAC systems to improve
energy efficiency and reduce environmental impact. Encourage engineers to identify retrofit
opportunities, develop coseffective solutions, and advocate for the benefits of upgrading outdated
systems.

Embrace Digitalization and Smart Technologidsncourage engineers to leverage digitalization,
automation, and smart technologies to optimize HVAC systerfoprance, predictive maintenance,

and energy management. Stay updated with emerging technologies and their potential applications in
the HVAC sector.

Moreover, associations in the HVAC sector play a crucial role in creating opportunitiesviorking
and professional growth.

Latvia _
Needs I

1. Excellent skills in BIM designing and use of appropriate software: Building Information Modeling
(BIM) has become increasingly important in the construction and engineering industries. BIM
allows enginees to create 3D models of buildings, including their HVAC systems, which helps in
better design, coordination, and collaboration among different stakeholders. Proficiency in BIM
software, such as Autodesk Revit, is highly valued in the industry, as iteenatdjineers to
optimize HVAC system designs, improve energy efficiency, and reduce costs.

2. Knowledge of new HVAC technology based on renewable energy sources: As the world shifts
towards sustainable practices, the HVAC sector is also embracing renewabtyy esources.
Engineers working in this field need to stay updated on the latest advancements in HVAC
technology, particularly those related to renewable energy sources like solar, geothermal, and
wind.

Challenges

1. New orimproved skills in BIM design amgbeopriate investment in software and traininguilding
Information Modeling(BIM) is an advanced design and documentation process that integrates
multiple aspects of building design and construction into a collaborative digital model. The HVAC
engineers in Latvia need to acquire or enhance their skills in BIM design to effectwtibute
to the overall building design process. This includes understanding how HVAC systems integrate
with other building components and coordinating their design within the BIM environment.
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Furthermore, investments in software and training are caudb enable engineers to work
proficiently with BIM tools and stay updated with the latest industry standards.

2. Skills to design HVAC technologies based on renewable energy sofiscélse demand for
sustainable energy solutions grows, HVAC engineerstwialraust possess the knowledge and
skills to design heating, ventilation, and air conditioning systems that utilize renewable energy
sources. This involves understanding the principles and operation of technologies such as
geothermal heat pumps, solar thmal systems, biomass boilers, and heat recovery systems.
Engineers should be capable of assessing the feasibility of incorporating renewable energy sources
into HVAC designs and optimizing their performance for energy efficiency.

3. Skills to design sustainke buildings with energy efficiency solutions for various certification
marks: Latvia, like many other countries, emphasizes sustainable building practices and
encourages the use of energfficient solutions. HVAC engineers need to be familiar with
certification programs such as BREEAM (Building Research Establishment Environmental
Assessment Method) and LEED (Leadership in Energy and Environmental Design) and their
requirements. They should possess the knowledge and expertise to design HVAC systems that
contribute to achieving the necessary certification levels. This involves optimizing energy
consumption, selecting environmentally friendly refrigerants, implementing advanced control
strategies, and integrating smart building technologies.

4. Improved skillso cooperate with the design team and investors to achieve sustainability and
energy efficiency goal€ollaboration and effective communication with other members of the
design team, including architects, structural engineers, and electrical engineersjital for
successful HVAC system design. HVAC engineers in Latvia must develop improved skills in
interdisciplinary collaboration to ensure seamless integration of HVAC systems with other building
elements. They need to work closely with investors, @edhs, and project managers to align
sustainability and energy efficiency goals, considering factors such as budget constraints, occupant
comfort, and longterm maintenance requirements.

Recommendations

Comprehensive System AnalystSonduct a thorough alysis of the building's requirements and user
needs to determine the appropriate HVAC system size and capacity. Avoidesigning systems that

may lead to unnecessary complexity and higher costs. A detailed analysis helps identify the optimal
balance letween functionality, energy efficiency, and castectiveness.

Tailored Design ApproactEmploy a tailored design approach that takes into account the specific
requirements of each project. Rather than relying solely on standardized solutions, engiheatd
evaluate the building's unique characteristics, including orientation, occupancy patterns, and thermal
loads. This allows for the design of HVAC systems that are precisely suited to the building's needs,
avoiding unnecessary complexities or excessantomation.

Simplified Control StrategiesOpt for simplified control strategies that are intuitive and easy to
operate for building occupants. While automation and advanced control systems have their benefits,
it's important to strike a balance and nowerload the building with complex automation features.
Implement usesfriendly control interfaces that provide basic control options while maintaining energy
efficiency and comfort.
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Netherlands

Needs

1.

Design of Nearly Zero Energy Building (NZEB) arud EAeergy Building (ZEB) Installations for
Buildings:With the increasing emphasis on energy efficiency and sustainability, there is a need for
HVAC engineers in the Netherlands to specialize in designing NZEB and ZEB installations. These
buildings aim to nmimize their energy consumption and rely on renewable energy sources to
achieve netzero or neaizero energy consumption. HVAC engineers need to hadepth
knowledge of energefficient technologies, such as heat pumps, energy recovery systems,
advancednsulation, and ventilation strategies to design highly efficient HVAC systems that align
with the overall energy goals of NZEB and ZEB buildings.

Installing Heat Pump (HP) Systems:Heat pumps are gaining popularity as an efficient heating and
cooling soltion that reduces reliance on fossil fuels. HYAC engineers in the Netherlands should
have the expertise to design, install, and optimize heat pump systems. This includes understanding
the different types of heat pumps, such as-siurce, grounesource, ad watersource heat

pumps, and their compatibility with various building types. They should also be knowledgeable
about refrigerant selection, system sizing, integration with other HYAC components, and the
efficient operation of heat pump systems.

Integrating Smart Building Systems with the Grid: Smart building systems play a crucial role in
optimizing energy consumption and demand response in buildings. HVAC engineers need to
possess the skills to integrate HVAC systems with smart building technologiegriand
management systems. This involves understanding protocols for data exchange, such as BACnet
and Modbus, and utilizing advanced control strategies to manage HVAC systems based on real
time data, energy pricing, and grid demands. Integrating HVACnsystéth the grid allows for

better load balancing, energy efficiency, and participation in demand response programs.
Analytical Skills and Presentation Skills: HVAC engineers in the Netherlands should have strong
analytical skills to assess building engrgyformance, conduct energy modeling, and perform life

cycle cost analyses. This includes proficiency in energy simulation software, such as EnergyPlus or
TRNSYS, to evaluate the impact of HVAC system design choices on energy consumption and
comfort. Addiionally, presentation skills are important for effectively communicating complex
technical concepts to stakeholders, including clients, architects, project managers, and regulatory
bodies.

Up-to-Date Knowledge of Rules, Standards, and Laws: The HVA@yiridusubject to various

rules, standards, and regulations that govern energy efficiency, indoor air quality, and
environmental considerations. Engineers need to stayaigdate with the latest rules, standards,

and laws, such as the Dutch Building Decremergy performance certificates (EPC), and
environmental requirements.

Challenges

1.

Limited Capacity of the Education System: The capacity of the education system in the Netherlands
may be insufficient to meet the growing demand for skilled Hggineers. As a result, there may
be a delay in delivering competent professionals to the industry. This challenge highlights the need
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for increased investment and resources in HVAC engineering education programs to ensure an
adequate supply of skilled eimgers.

2. Shortage of Training Facilities for Practical Installing Skills: Practical training facilities play a crucial
role in developing handsn skills for HVAC professionals. A shortage of such training facilities can
hinder the ability of aspiring enghers to gain practical experience. To address this challenge,
there is a need for more investment in training infrastructure and partnerships between
educational institutions and industry players to provide comprehensive practical training
opportunities.

3. Limited Understanding of Circular and Sustainable Practices: While the concept of circularity and
sustainability is gaining traction, many individuals and companies in the HVAC sector may still lack
knowledge and understanding of how to implement these pcas effectively. This challenge
requires greater awareness and education campaigns to promote circular and sustainable HVAC
design, installation, and maintenance practices. The industry needs to invest in disseminating
information and providing guidance® professionals on incorporating circular and sustainable
principles in their work.

4. Inability to Change User Mindsets: HVAC professionals may face difficulties in changing the
behavior and mindset of endsers. Despite advancements in technology and epnefficient
solutions, users may resist adopting new practices or may not fully understand the benefits.
Overcoming this challenge requires broader public awareness campaigns to educate users about
the necessary changes in behavior and the advantages efggsfficient HVAC systems.
Collaboration between industry associations, government bodies, and educational institutions can
help drive these campaigns.

5. Lifelong Learning tkeep up with changes: The HVAC sector is continuously evolving, with new
technolagies, regulations, and practices emerging. To statotgate and maintain competence,
HVAC professionals need to engage in lifelong learning. Continuous professional development
programs, training courses, and industry collaborations can provide oppbesifor engineers to
acquire new skills, stay abreast of advancements, and adapt to changing industry needs.

6. Integration of Al in the HVAC Sector: The emergence of artificial intelligence (Al) presents both
opportunities and challenges in the HVAC indusWhile Al can enhance system performance,
energy efficiency, and predictive maintenance, integrating Al into existing HVAC infrastructure
requires specialized knowledge and expertise. The challenge lies in understanding how to
effectively use Al algoriths, data analytics, and machine learning techniques in HVAC system
design, operation, and optimization. Investment in research and development, collaboration
between Al experts and HVAC engineers, and sharing of best practices can help overcome this
challenge.

Recommendations

Collaboration with Psychologists and Influencerso effectively change the mindset of customers,
users, and governments, it is beneficial for HVAC professionals to collaborate with psychologists and
influencers. Psychologists can pide valuable insights into human behavior, motivations, and
decisionmaking processes, helping engineers understand how to effectively communicate the
benefits of sustainable and circular HVAC practices. Influencers, on the other hand, have the ability to
reach and influence a wide audience. Engaging with influencers who advocate for sustainability and
circularity can help raise awareness and promote positive changes in behavior.
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Education and Awareness Campaigng promote sustainable ancircular practices in the HVAC
sector, there is a need for extensive education and awareness campaigns. HVAC professionals, industry
associations, and educational institutions should collaborate to develop and deliver comprehensive
educational programs thaighlight the importance of sustainability and circularity. These campaigns
should target not only professionals but also amkrs, government bodies, and policymakers. By
increasing awareness and knowledge about sustainable HVAC practices, thes@narogaidrive the
adoption of ecdfriendly solutions.

Emphasize Cooperative Approache€ooperation among HVAC professionals, companies, and
stakeholders is crucial for driving sustainable change. By promoting cooperation over competition,
professionals aa share knowledge, best practices, and resources to collectively work towards a
sustainable and circular future. Encouraging collaboration through partnerships, industry networks,
and knowledgesharing platforms can foster innovation, accelerate progress] create a more
supportive and unified industry.

Policy Advocacy and Government EngagemeH\AC professionals should actively engage with
government bodies and policymakers to advocate for sustainable policies and regulations. By
participating in industy associations and relevant committees, engineers can contribute their
expertise to shape regulations that promote energy efficiency, sustainability, and circularity. Engaging
in dialogues and providing technical insights to policymakers can help createahling environment

for sustainable HVAC practices.

Continuous Professional Developmeritifelong learning is essential for HVAC professionals to stay
updated with emerging technologies, regulations, and best practices. Engineers should actively seek
out training opportunities, attend workshops, and participate in industry conferences to enhance their
knowledge and skills. Continuous professional development programs should be promoted by industry
associations and employers to support the growth and cetepce of HVAC professionals.

Embrace Technological AdvancementdVAC professionals should actively explore and embrace
technological advancements, including Al, to optimize system performance and energy efficiency.
Investing in research and developmerdpllaborating with technology providers, and sharing
experiences and case studies can help engineers understand how to effectively integrate Al and other
emerging technologies into HVAC systems.

Norway . -
Needs
N1

1. Consultants:

Expertise and Knowledge: Coriaunts in the HVAC sector need a deep understanding of HVAC
systems, energy efficiency, sustainability, and regulatory requirements. They should stay updated with
the latest technologies and best practices to provide effective consulting services to.clients

Energy Modeling and Analysis: Consultants need access to advanced energy modeling tools and
software to perform accurate energy analysis, simulations, and optimization of HVAC systems. This
enables them to provide energgfficient and coseffective soltions to clients.

Funded by the European Union. Views and opinions expressed are however those of the author(s) only

and do not necessarily reflect those of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

65



*

% R Co-funded by
ENGINEERS4EUROPE **** the European Union

Sustainable Design: With an increasing focus on sustainability, consultants need to incorporate
sustainable design principles into their HYAC projects. This includes considerations such as renewable
energy integration, energy recovery gyss, and smart building technologies.

2. Contractor Companies:

Skilled Workforce: Contractor companies require a skilled and knowledgeable workforce capable of
installing, maintaining, and servicing HVAC systems. This includes expertise in system installatio
electrical wiring, controls programming, and troubleshooting.

Safety Standards and Training: Contractor companies need to prioritize safety in HVAC installations
and maintenance. Adequate training, certification, and adherence to safety standardssergiakto
ensure the wetbeing of workers and the public.

Collaboration with Consultants: Contractors should establish strong collaborative relationships with
HVAC consultants to ensure accurate implementation of design plans and effective coordination
throughout the project lifecycle.

3. Energy Companies:

Renewable Energy Integration: Energy companies need to actively promote the integration of
renewable energy sources, such as solar, wind, and geothermal, into HVAC systems. This involves
providing incenties and support for renewable energy adoption in residential, commercial, and
industrial buildings.

Demand Response Programs: Energy companies can play a crucial role in implementing demand
response programs that optimize HVAC system usage basetkatnicity demand. By incentivizing

load shifting and energy conservation, they can reduce peak energy demand and promote energy
efficiency.

Smart Grid Integration: Energy companies should explore opportunities to integrate HVAC systems
with smartgrids. This enables reime communication and coordination between energy suppliers
and consumers, allowing for efficient energy management and load balancing.

4. Municipalities:

Supportive Policies and Incentives: Municipalities should develop and implesapportive policies
and incentives that encourage the adoption of enegdfjcient HYAC systems. This can include building
codes, tax incentives, grants, and subsidies to promote sustainable practices and technologies.

Collaboration with Industry: Munigalities can collaborate with HVAC professionals and industry
associations to develop energy efficiency programs, conduct audits, and provide technical guidance to
building owners and operators. This partnership ensures that HVAC systems in public atel priv
buildings align with sustainability goals.

5. Facility Management:

Datadriven Decisiormaking: Facility managers need access to-ties data on HVAC system
performance, energy consumption, and maintenance requirements. This enables them to make
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informed decisions regarding system optimization, predictive maintenance, and energy conservation
measures.

Proper Maintenance and Service: Facility managers should prioritize regular maintenance and service
of HVAC systems to ensure optimal performance and gneficiency. This includes scheduling
inspections, filter replacements, and cleaning procedures as per manufacturer recommendations.

Occupant Comfort and Indoor Air Quality: Facility managers should focus on maintaining a comfortable
and healthy indoor evironment. This involves monitoring and managing temperature, humidity,
ventilation, and air quality parameters to promote occupant viing.

Challenges

1. Fragmented Goals of Different Industries: The HVAC sector interacts with various industries,
includng construction, energy, and facility management. However, these industries often have
fragmented goals and priorities. For example, the construction industry may focus on cost
reduction and shorterm goals, while the energy industry emphasizes energgieffcy and long
term sustainability. This fragmentation can lead to conflicts and challenges in aligning objectives,
making it difficult for HYAC engineers to design and implement holistic and optimal HVAC
solutions.

2. Lack of Common Information: The absenaf a centralized platform or database for sharing
information and best practices in the HVAC sector can hinder progress. Access to reliable and up
to-date information, such as energy consumption data, system performance data, and case
studies, is crucialor HVAC professionals to make informed decisions and implement energy
efficient solutions. The lack of a common informatsimaring platform makes it challenging for
engineers to access the necessary knowledge and learn from each other's experiences.

3. Low Acknowledgment for Technical Work: In the HVAC sector, there is often a lack of
acknowledgment and recognition for good technical work, particularly for activities such as
simulations, modeling, and advanced design analysis. These tasks require speskiligeand
expertise, but their importance may be undervalued or overlooked. The limited recognition for
such technical work can demotivate engineers and hinder the adoption of advanced technologies
and practices that can significantly improve HVAC systerformance and energy efficiency.

4. Limited Collaboration and Communication: Effective collaboration and communication among
stakeholders in the HVAC sector, including engineers, architects, contractors, and facility
managers, is crucial for successfubjpct outcomes. However, challenges can arise due to siloed
working environments, lack of interdisciplinary communication, and limited coordination between
different professionals involved in a project. This can lead to misunderstandings, delays, and
subogimal HVAC system designs and installations.

5. Rapid Technological Advancements: The HVAC sector is experiencing rapid technological
advancements, including the integration of smart technologies, IoT devices, and advanced
controls. Keeping up with these adw@ements and understanding how to leverage them
effectively can be challenging for HVAC engineers. Continuous professional development and
investment in training programs are necessary to ensure engineers have the necessary skills and
knowledge to desigrinstall, and maintain technologically advanced HVAC systems
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Recommendations

Enhance Knowledge Sharingacilitate better sharing of knowledge and information within the HVAC
sector. This can be achieved through the establishment of centralized platforostabases where
professionals can access and contribute to a wealth of incisgtegific knowledge, best practices, case
studies, and technical resources. Encouraging collaboration among engineers, architects, contractors,
and facility managers will ftexr a culture of knowledge exchange and promote continuous learning.

Promote Open Access to Simulation Models and Practical Td6tgourage the development and
sharing of simulation models, practical tools, and software used in HVAC engineering. Bythesleng
resources accessible and reusable, engineers can leverage existing models and tools to improve their
design processes, system analysis, and energy efficiency calculations. Establishing a platform for
sharing such models and tools can significantihasce the efficiency and effectiveness of HVAC
engineering practices.

Collaborative Research and DevelopmenEncourage collaborative research and development
initiatives among academia, industry, and government bodies. By fostering partnerships, gpéctgr

and knowledge transfer programs, the engineering profession can benefit from cetiyg research

and innovative solutions. Collaborative efforts can focus on developing new simulation models, tools,
and technologies that address specific chalemgn the HVAC sector, enabling engineers to design
more energyefficient and sustainable systems.

Poland

Needs =

1. Condensed and WelWritten Guidelines (GBs): There is a need for condensed anewitién
guidelines related to hot topics in the HV#&&tor, such as Indoor Environmental Quality (IEQ) and
decarbonization. These guidelines should provide clear and practical information on best practices,
standards, and regulations pertaining to IEQ improvement and decarbonization strategies. The
availabiity of such guidelines would help HVAC professionals navigate complex topics and ensure
compliance with the latest industry standards.

2. Actual Description of Possible Actions for HVAC Professionals Related to EU Policy: With the
European Union (Euplementing policies and regulations that impact the HVAC sector, there is
a need for an actual description of possible actions for HVAC professionals to align with these
policies. Clear and concise information on how EU policies affect HVAC systemidstidation,
and operation can help professionals understand their roles and responsibilities in meeting the
requirements. This includes information on energy efficiency standards, renewable energy
integration, and carbon reduction targets.

3. More Links ¢ Valid Information about Innovations in HVAC Sectors: Access to valid information
about innovations in the HVAC sector is crucial for professionals to stay updated with the latest
technologies, trends, and research findings. There is a need for moreeduaad reliable sources
of information, such as websites, databases, and research papers, that provide HVAC professionals
with relevant and ugo-date knowledge about innovative HVAC solutions. These resources should
cover advancements in energy efficiengynart technologies, indoor air quality improvements,

and sustainable HVAC practices.
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Challenges

1. Adjustment to New EU Policy Regarding Decarbonization and Energy Efficiency: The EU's policies
and regulations related to decarbonization and energy effigigmase a significant challenge for
the HVAC sector in Poland. Meeting the targets set by these policies requires a fundamental shift
in the design, installation, and operation of HVAC systems. HVAC professionals need to adapt their
practices to comply withstricter energy efficiency standards, incorporate renewable energy
sources, and embrace legarbon technologies.

2. Shift from Fossil Fuels: The transition away from fossil fuels in the HVAC sector is another
significant challenge. Poland has traditionaljiad on coal for heating and energy production,
and shifting to alternative energy sources poses technical and economic challenges. HVAC
professionals need to explore and implement renewable energy solutions, such as heat pumps,
solar thermal systems, anbiomass boilers, while ensuring the compatibility and efficiency of
these systems with existing infrastructure.

3. Lack of WelEducated Professionals: The shortage of vdlicated professionals, including
installers, presents a significant challenge far HiVAC sector in Poland. Adequate knowledge and
skills are crucial for the successful implementation of eneffigient and decarbonization
measures. To address this challenge, there is a need to strengthen vocational education and
training programs thatocus on HVAC technologies, renewable energy integration, and energy
efficient practices. Collaboration between educational institutions, industry associations, and
government bodies is essential to bridge this skills gap.

4. Use of Building Information Modely (BIM) in Each Project: The adoption and integration of
Building Information Modeling (BIM) in HVAC projects pose a challenge for the engineering
profession. BIM enables a collaborative and ddi’en approach to building design, construction,
and opeation. However, its implementation requires not only technological capabilities but also
changes in workflows, collaboration practices, and information sharing. HVAC professionals need
to acquire the necessary BIM skills and expertise to effectively lgeehas technology and realize
its benefits in their projec.

Recommendations

The main recommendation for the engineering profession in the HVAC sector in Poland, "thinking
globally working locally,” emphasizes the importance of adopting a global mindsiet focusing on
local actions. Here are the main recommendations based on this principle:

Embrace International Best PracticeBlVAC professionals should stay informed about international
best practices, standards, and regulations related to decarbtairzaenergy efficiency, and
sustainable HVAC systems. By keeping up with global trends and benchmarks, professionals can gain
valuable insights and apply relevant strategies in their local projects.

Tailor Solutions to Local ContexXtVhile global best pretices are important, it is crucial to adapt and
customize HVAC solutions to the specific needs and conditions of the local context in Poland. Factors
such as climate, building types, infrastructure, and regulatory frameworks vary across regions. HVAC
professionals should consider these local factors when designing and implementing systems, ensuring
optimal performance and efficiency in local environments.
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Collaborate with Local Stakeholder€ollaboration with local stakeholders, including government
bodies, industry associations, contractors, architects, and facility managers, is essential for successful
implementation of sustainable HVAC solutions. Engage in dialogues, partnerships, and knowledge
sharing initiatives to foster local collaboration and exu@ expertise. Collaborative efforts can lead

to the development of regioispecific guidelines, codes, and practices that align with both global
objectives and local requirements.

Romania
Needs

1.

Specialized Trainings on Specific Topics: There is aoreggktialized training programs that focus

on specific topics within the HVAC sector. These programs should cover areas such as energy
efficiency, renewable energy integration, indoor air quality, advanced HVAC system design, and
smart building technologs. Providing targeted and tip-date training opportunities will enhance

the knowledge and skills of HVAC professionals in Romania, enabling them to implement
sustainable and efficient HVAC solutions effectively.

Increased Use of Digitalization Tools: THAC sector can benefit from the increased use of
digitalization tools, such as Building Information Modeling (BIM), simulation software, data
analytics, and automation technologies. These tools facilitate efficient design processes,
performance analysi®nergy modeling, and predictive maintenance. Encouraging the adoption
and utilization of digitalization tools among HVAC professionals in Romania will improve project
efficiency, accuracy, and overall system performance.

Mutual Recognition of Profession&ualifications: The mutual recognition of professional
qualifications across different countries is important for HVAC professionals who may work on
projects or seek job opportunities outside of Romania. Establishing mutual recognition agreements
with other countries ensures that the qualifications, skills, and certifications obtained by HVAC
professionals in Romania are recognized and respected internationally. This promotes professional
mobility and facilitates crossorder collaboration in the HVAC sect

Challenges

1.

Lack of Specialists: The HVAC sector in Romania suffers from a shortage of skilled and specialized
professionals. This shortage can be attributed to various factors, including limited availability of
educational programs focused on HV&(@ineering, lack of awareness about career opportunities

in the field, and limited investment in workforce development. The scarcity of specialists poses a
challenge in meeting the demand for HVAC expertise, leading to delays in project implementation
andpotentially compromising the quality of installations and system performance.

Lack of Integrated Design: The lack of integrated design approaches is a challenge in the HVAC
sector in Romania. Integrated design involves collaboration arddfegent disciplines, including
architects, engineers, HVAC specialists, and other stakeholders, to optimize the design and
performance of HVAC systems within the overall building design. Insufficient integration during
the design phase can result in syhional system performance, increased energy consumption,

and higher costs. Overcoming this challenge requires improved coordination and communication
among professionals involved in the design process.
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3. Lack of Continuous Training to Stay-tdfDate: The HXC industry is constantly evolving, with
new technologies, regulations, and best practices emerging. However, the lack of continuous
training opportunities hampers the ability of HYAC professionals in Romania to staydagpe
with the latest advancement<Continuous training is essential for professionals to enhance their
knowledge, acquire new skills, and adapt to changing industry standards and requirements. The
absence of robust training programs limits the ability of professionals to implement energy
efficient and sustainable HVAC solutions effectively.

Recommendations

Collaborate with Universities:The HVAC industry should establish stronger collaborations with
universities in Romania. This can be achieved through partnerships, joint research yrejedt
engagement with university faculty and students. By fostering closer ties with academia, the industry
can benefit from the latest research, access to emerging talent, and opportunities for knowledge
exchange.

Longer Internships or Scholarshiggrovde longer internships (paid) or scholarships to students in the
HVAC field. Instead of shadrm internships, consider offering internships of no less than six months

to allow students to gain wdepth industry experience. Longer internships provide stud with an
opportunity to apply their theoretical knowledge in reabrld scenarios, develop practical skills, and
gain exposure to industry practices. Similarly, scholarships can help students focus on their studies
without the need for partime work,enabling them to fully engage in their academic pursuits.

Slovakia E_

Needs

1. Designing of HVAC Systems: There is a need for expertise in designing HVAC systems that are
energyefficient, reliable, and compliant with local regulations and standards. HVAGeengi
should possess a deep understanding of system components, load calculations, equipment
selection, duct design, and control strategies. Designing HVAC systems that meet the specific
requirements of different building types and occupancy conditiomstisial for achieving optimal
thermal comfort and energy performance.

2. Energy Audit Calculations: Energy audits play a significant role in identifying -easigy
opportunities and optimizing HVAC systems' performance. HVAC professionals need skills and
knowledge in conducting energy audits, performing energy calculations, analyzing data, and
recommending energefficient solutions. This includes assessing building envelopes, evaluating
system efficiencies, identifying potential energgving measures, anestimating the return on
investment for energy efficiency improvements.

3. Work with Relevant Software: Proficiency in working with relevant software tools is essential for
HVAC professionals in Slovakia. This includes software for load calculations, moeing,
system simulation, and energy audit calculations. Being skilled in using software tools specific to
the HVAC industry enhances the accuracy and efficiency of system design, performance analysis,
and energy optimization.

4. Building Information Modéhg (BIM): Building Information Modeling (BIM) is an advanced digital

tool that enables the collaborative design, construction, and operation of buildings. HVAC
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professionals should possess the necessary skills to work with BIM software and effectively
integrate HVAC systems into the overall building model. Collaborating with architects, structural
engineers, and other stakeholders within a BIM environment ensures the coordination and

optimization of HVAC designs

Challenges

1. Not Enough Young Graduates: Qufethe main challenges is the scarcity of young graduates
entering the HVAC engineering profession in Slovakia. This can be attributed to various factors,
such as a lack of awareness about the field, limited educational programs that focus on HVAC
engineeing, and a preference for other engineering disciplines. The shortage of young talent
entering the profession can lead to a lack of fresh perspectives, innovation, and succession
planning.

2. Not Enough Skilled Workforce: The availability of a skilled war&far crucial for the successful
implementation of HVAC projects. However, there is a challenge in finding professionals with the
necessary skills, knowledge, and experience in the HVAC sector in Slovakia. This shortage of skilled
workers can hamper projedelivery, impact system performance, and limit the industry's ability
to meet growing demand.

3. Not Enough Software Implementation in Some Aspects: The adoption and utilization of software
tools for energy calculations, load analysis, and system desigoracél in the HVAC sector.
However, there may be a challenge in the widespread implementation of such software tools in
Slovakia. Limited awareness, training, and access to relevant software can hinder the efficiency
and accuracy of energy calculatioagstem design, and performance analysis.

4. Strict Deadlines and Budget Constraints: Strict deadlines and budget constraints are common
challenges faced by HVAC professionals in Slovakia. Balancing the need for timely project
completion and adherence to bud@ey constraints can put pressure on engineering
professionals. In some cases, this can compromise the quality of HYAC system design, installation,
and performance optimization, as insufficient time and resources may limit the thoroughness of
engineering pocesses.

Recommendations

Promote Software Adoption and Trainindgencourage the adoption and utilization of software tools in

the HVAC sector in Slovakia. This can be achieved through awareness campaigns, workshops, and
training programs that highlight theenefits and functionalities of various software tools used in
energy calculations, load analysis, system design, and simulation. Collaborate with software providers
to offer training resources and support for HYAC professionals.

Include Software Tools iEducation CurriculaCollaborate with educational institutions to integrate
software tools into the HVAC engineering curricula. Ensure that students receivedratrasming and
practical experience in using relevant software tools throughout their etilgal journey. By
incorporating software tools into the curricula, students will develop the necessary skills and familiarity
with these tools, better preparing them for the industry.

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
and do not necessarily reflect those of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

72



*

% R Co-funded by
ENGINEERS4EUROPE **** the European Union

Slovenia

Needs _

1. Hourly Simulations of Buildings and Systefiifsere is a need for expertise in conducting hourly
simulations of buildings and HVAC systems. Hourly simulations provide detailed insights into the
thermal performance, energy consumption, and occupant comfort of buildings under different
conditions. HVA@rofessionals in Slovenia should possess the knowledge and skills to perform
accurate simulations using software tools, considering variables such as weather data, occupancy
patterns, and equipment performance.

2. Competence in Life Cycle Assessment (LCALiéa€ycle Cost (LCC) Analysis: There is a need for
skills in conducting Life Cycle Assessment (LCA) and Life Cycle Cost (LCC) analyses for HVAC
systems. LCA assesses the environmental impact of systems throughout their life cycle, while LCC
evaluates thedotal costs associated with system operation, maintenance, and replacement over
its lifespan. These analyses help investors make informed decisions regarding sustainable-and cost
effective HVAC solutions.

3. RetroCommissioning Practices: Retommissionings the process of optimizing existing HVAC
systems to improve energy efficiency, performance, and occupant comfort. There is a need for
expertise in retrecommissioning practices in Slovenia. HVAC professionals should possess the
knowledge and skills tosaess and analyze the performance of existing systems, identify
opportunities for improvement, and implement appropriate measures to enhance system
efficiency and functionality

Challenges

1. Ageing Workforce: One of the primary challenges is the ageingevoekin the HVAC sector. Many
experienced professionals are approaching retirement age, leading to a potential loss of valuable
knowledge and expertise. The shortage of skilled and knowledgeable professionals to fill these
positions poses a challenge fibie industry in Slovenia.

2. Limited Adoption of Digital Trends: The HVAC sector in Slovenia has been moderately present in
adopting digital trends, such as Building Information Modeling (BIM). BIM offers numerous
benefits, including improved collaborationisualization, and efficiency in design, construction,
and operation. The industry's slow adoption of digital technologies hampers the realization of
these benefits and may lead to inefficiencies and missed opportunities for optimization.

3. Low Value/Pricesral Poor Service: The HVAC sector in Slovenia faces a challenge related to the
perception of low value or pricing, which can result in poor service quality. Clients may prioritize
cost over quality, leading to subpar installations, inadequate maintenamekeinefficient system
performance. This challenge can hinder the industry's ability to provide optimal solutions, meet
energy efficiency targets, and deliver leteggm value to clients.

Recommendations

Strict Quality Control and Actions Against Mistakes#fad: Implement robust quality control
measures within the HVAC sector to ensure adherence to standards and regulations. Establish clear
protocols for detecting and addressing mistakes, fraud, or any form of misconduct. This can involve
regular inspectionsaudits, and monitoring of projects. Take appropriate actions, including disciplinary
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measures and legal procedures, when violations are detected, ensuring accountability and maintaining
professional integrity.

Upskilling of Engineersgnvest in the upsKihg and professional development of engineers in the HVAC
sector. Provide comprehensive training programs, workshops, and seminars to enhance their technical
knowledge, problensolving skills, and understanding of emerging trends and technologies. The
Chanber of Engineers can play a vital role in organizing and delivering these programs, ensuring that
they address the specific needs and challenges of HVAC professionals.

Increase Pricing of Engineering Servicéglvocate for a fair and realistic pricingrgtture for
engineering services in the HVAC sector. Price engineering services at a level that reflects the value
and expertise provided. This will attract a more qualified and skilled workforce to the industry, as well
as encourage professionals to delivhighquality services that meet clients' expectations and
sustainability requirements. Communicate the lelegm benefits of investing in quality engineering
services to clients to justify higher pricing.

Spain
Needs

m\i u
b

1. Training:there is a need for continuous training and professional development programs in the
HVAC sector in Spain. The field of HVAC is constantly evolving, with new technologies, regulations,
and best practices emerging. Ongoing training is essential to ensurél¥haC professionals stay
up-to-date with the latest advancements, industry standards, and technical skills required to
deliver highquality services. Training programs should cover topics such as energy efficiency,
renewable energy integration, buildingitmmation, and emerging HVAC technologies.

2. Legislative Stability: The HVAC sector in Spain requires legislative stability to provide a predictable
business environment for professionals and companies. Frequent changes in regulations and
policies can createincertainty and hinder lorerm planning and investment in the industry.
Stable and consistent legislation helps create a favorable framework for the growth of the HVAC
sector, enabling professionals to make informed decisions and implement sustainalilerss.

3. Good Practices: Encouraging and promoting good practices is crucial for the engineering
profession in the HVAC sector in Spain. This includes implementing exfBcggnt designs,
adhering to industry standards, adopting proper installation anadintenance practices, and
ensuring the highest level of service quality. Sharing best practices among professionals and
companies within the HVAC sector helps improve overall industry performance, customer
satisfaction, and sustainability.

Challenges

1. Decarbonization of Thermal Facilities: One of the main challenges is the decarbonization of
thermal facilities in Spain. With the increasing focus on reducing greenhouse gas emissions, there
is a growing need to transition from fossil fumsed heating ah cooling systems to lowarbon
or renewable alternatives. This requires the engineering profession to develop and implement
innovative solutions, such as heat pumps, solar thermal systems, and district heating networks,
while ensuring optimal system perfmance, energy efficiency, and cestectiveness.

2. Development of the Renewable Gas Market: The development of the renewable gas market is
another challenge for the HVAC sector in Spain. Renewable gases, such as biogas, biomethane, and
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hydrogen, have the gtential to play a significant role in decarbonizing the heating and cooling
sector. However, the infrastructure for producing, distributing, and utilizing renewable gases is still
in its early stages. HVAC professionals need to navigate the technicdftoeg, and economic
complexities of integrating renewable gases into HVAC systems, including gas boilers and
combined heat and power (CHP) plants.

3. EU Harmonized Energy Certifications: Achieving EU harmonized energy certifications presents a
challenge fothe HVAC sector in Spain. The EU has established energy certification schemes, such
as Energy Performance Certificates (EPCs), to assess and compare the energy performance of
buildings. Ensuring the accurate and consistent application of these certfisatiequires
coordination and alignment among stakeholders, including HVAC professionals, building owners,
energy auditors, and regulatory authorities. Achieving harmonization across different regions and
ensuring compliance with evolving EU regulatioress@mgoing challenges.

Recommendations

Continuous professional development, embracing digitalization, specialized training on
decarbonization, energy efficiency and sustainability, soft skills development, and fostering
collaboration and knowledge sharimgll contribute to a highly skilled and competent workforce in the
HVAC sector.

Switzerland

Needs

1. Addressing Limited Scope Perception: The HVAC engineering profession in Switzerland is perceived
by students as having a limited scope. It is crucial tregb this misconception and showcase the
diverse and multidisciplinary nature of the HVAC field. Emphasize the wide range of opportunities
and challenges that HVAC engineers encounter, including energy efficiency, renewable energy
integration, indoor ailquality, system design, and building automation. Promote the importance
of HVAC engineering in creating sustainable and comfortable indoor environments.

2. Professional Courses for Continuous Formation: There is a strong need for more professional
courses andontinuous education programs tailored specifically to the HVAC sector in Switzerland.
These courses should cover emerging technologies, energy efficiency standards, regulations,
system design methodologies, and advancements in building automation. @all@bwith
industry associations, educational institutions, and professional organizations to develop and
deliver comprehensive and tip-date training programs. These courses will help HVAC
professionals stay current with the latest industry trends anHace their skills throughout their
careers.

3. Simplifying Complexity: The HVAC sector in Switzerland often deals with complex systems,
technologies, and regulations. Simplifying this complexity is a key need for the engineering
profession. Develop resourceguidelines, and best practice documents that break down complex
concepts into understandable terms. Promote standardized approaches, methodologies, and tools
that simplify design, installation, and maintenance processes. This will help professiongigaavi
the complexity more efficiently and ensure consistent quality in HVAC projects.
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4,

Enhancing Image and Perception: Improve the image and perception of the HVAC engineering
profession in Switzerland. Showcase successful case studies, innovative panddtse positive
impact of HVAC engineering on energy efficiency, sustainability, and occupant comfort.
Collaborate with educational institutions and career advisors to promote the diverse opportunities
and benefits of pursuing a career in HVAC engineelifrgphasize the importance of HVAC
professionals in creating environmentally friendly and healthy living and working spaces.
Collaboration with Other Building Project Partners: Strengthen collaboration with other partners
involved in building projects, shicas architects, contractors, electrical engineers, and facility
managers. Enhance communication, coordination, and cooperation among different disciplines to
ensure integrated and optimized building designs. Promote edgssgplinary training and
knowledye sharing to foster a holistic approach to building projects. Collaborative efforts will result
in more efficient designs, reduced conflicts, improved project outcomes, and enhanced client
satisfaction

Challenges

1.

Bad Image: One of the challenges is tlegeption of a bad image associated with the HVAC
engineering profession. This negative perception may stem from a lack of awareness about the
importance and complexity of HVAC systems and the contributions of HVAC engineers.
Overcoming this challenge reiges promoting the significance of HVAC engineering in creating
sustainable, energegfficient, and comfortable indoor environments. Highlighting successful
projects and the positive impact of HYAC engineering can help improve the profession's image.
Reputdion for Lower Wages and Stress: The HVAC engineering profession may be perceived to
offer lower wages compared to other engineering fields. This perception, along with a reputation
for high stress levels, can deter potential talent from pursuing a care¢iVAC engineering.
Addressing this challenge involves raising awareness about the rewarding aspects of the
profession, such as opportunities for professional growth, job stability, and the positive impact on
society. Highlighting the importance of welife balance and stress management can also help
attract and retain skilled professionals.

Lack of Labor: The HVAC sector in Switzerland faces a challenge in attracting and retaining a
sufficient number of qualified professionals. The demand for HYAC aenginéen exceeds the
available workforce, leading to labor shortages. This can impact project timelines, quality, and
overall industry growth. Strategies such as promoting the HVAC profession among students,
offering competitive wages and benefits, andopiding attractive career development
opportunities can help address the labor shortage challenge.

Cost and Time Pressure: HVAC projects often face significant cost and time pressures, which can
impact the engineering profession. Tight project budgets emthpressed timelines may lead to
compromises in design, installation, or maintenance, affecting system performance and energy
efficiency. Overcoming this challenge requires effective project management, collaboration with
stakeholders, and a focus on delring highquality solutions within the given constraints.

Lack of Quality in Cooperation: Collaboration among different stakeholders, including architects,
contractors, and facility managers, is crucial for successful HVAC projects. However, the lack of
quality in cooperation can hinder project outcomes and impact the reputation of the engineering
profession. Establishing clear communication channels, fostering collaborative relationships, and
promoting knowledge sharing among project partners can helpaorae this challenge.
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Recommendations

Foster a Culture of InnovationEncourage HVAC professionals to think outside the box and foster a
culture of innovation within the industry. Promote creativity, problewiving, and the exploration of

new ideas and ggroaches. Encourage professionals to stay updated with the latest advancements and
trends in the HVAC sector, and provide opportunities for them to apply innovative solutions o real
world projects. Collaboration with research institutions and fosteringraaships with technology
providers can help drive innovation in the HVAC sector.

Focus on Efficiencylace a strong emphasis on energy efficiency in HVAC system design, installation,
and operation. Provide training and resources that highlight the importance of emdfigient
solutions, including equipment selection, system optimization, and controégegies. Educate
professionals on the latest energy efficiency standards, regulations, and best practices to ensure that
HVAC systems contribute to the overall sustainability goals of Switzerland.

Foster Collaboration and Knowledge SharilRyomote collaboration and knowledge sharing among
HVAC professionals in Switzerland. Establish platforms for networking, information exchange, and
collaboration, such as industry conferences, workshops, and online communities. Encourage
professionals to siire best practices, success stories, and lessons learned to foster a culture of
continuous learning and improvement.

Turkey

Needs

1. Better Implementations of Indoor Air Quality (IAQ): There is a need for improved implementations
of indoor air quality meages in Turkey. HVAC professionals should focus on designing and
implementing systems that provide optimal indoor air quality, considering factors such as
ventilation rates, filtration, humidity control, and pollutant management. This includes adherence
to international standards and guidelines for IAQ, as well as the incorporation of innovative
technologies and strategies to ensure healthier indoor environments.

2. Testing, Adjusting, and Balancing (TAB) and Commissioning (Cx): The industry requires more
emphasis on proper testing, adjusting, and balancing of HVAC systems, as well as commissioning
processes. TAB ensures that HVAC systems operate as intended and perform efficiently, while
commissioning ensures that systems are installed, function, and are aivadt properly
throughout their lifecycle. HVAC professionals need to acquire the necessary skills and knowledge
in TAB and Cx to ensure optimal system performance, energy efficiency, and occupant comfort.

3. Energy Management: Energy management is a signtfitzeed in the HVAC sector in Turkey. HVAC
professionals should focus on developing enegfficient designs, implementing advanced control
strategies, and promoting energgaving measures in HVAC systems. This includes optimizing
system operations, integting renewable energy sources, utilizing energy recovery technologies,
and implementing energy monitoring and management systems. Energy management practices
can help reduce energy consumption, lower operational costs, and contribute to sustainability
goals.

4. Acoustics: The need for expertise in acoustics is important in the HVAC sector in Turkey. HVAC

professionals should consider acoustics in system design to ensure acceptable noise levels and
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provide acoustic comfort in various spaces. This includgsgprgelection of equipment, ductwork
design, noise control measures, and compliance with noise regulations and standards. Addressing
acoustical challenges will contribute to creating comfortable and rowsgrolled indoor
environments.

Passive Fire Protgon: There is a need for improved passive fire protection measures in HVAC
system design and installation. HVAC professionals should incorporate fire protection strategies to
prevent the spread of fire and smoke through ductwork, equipment rooms, andlibgil
penetrations. This involves proper firated ductwork, fire dampers, smoke control systems, and
compliance with fire safety codes and regulations. Implementing passive fire protection measures
ensures occupant safety and protects property from fiegdrds.

Renewable Integration: The integration of renewable energy sources in HVAC systems is crucial in
Turkey. HVAC professionals should be knowledgeable about renewable energy technologies, such
as solar thermal, geothermal, and biomass, and their irtégn into heating, cooling, and
ventilation systems. This includes proper sizing, integration strategies, and optimization of
renewable energy systems to maximize energy efficiency and reduce reliance on fossil fuels.

Challenges

1.

Less Interest of Youngngineers and Lack of Resources: There is a noticeable decrease in the
interest of young engineers to pursue a career in the HVAC sector in Turkey. This leads to a lack of
resources and a shortage of skilled labor in the industry. To address this chaltdageportant

to promote the HVAC profession among students, raise awareness about the opportunities and
rewards it offers, and enhance vocational training programs to attract and retain young talent.
Encouraging internships, mentoring programs, andrtnErships between industry and
educational institutions can help bridge the gap and create a sustainable workforce.

Missing Strongly Enforced Regulations and Unfair Competition: The absence of strongly enforced
regulations in the HVAC sector allows fofaincompetition in various dimensions. This includes
inadequate licensing requirements, insufficient monitoring of industry practices, and inconsistent
enforcement of quality standards. To overcome this challenge, it is crucial to advocate for stricter
regulations, improved industry oversight, and enforcement mechanisms. Collaborating with
industry associations, professional organizations, and regulatory bodies can help establish fair
competition practices and ensure compliance with quality and safetydstiats.

Lack of Passion and Responsibility for a Better Future: There is a prevailing lack of passion and
responsibility among some engineers in the HVAC sector to contribute to building a better future.
This can lead to shortcut applications, subpar worksefap, and a lack of holistic approaches in
project design and implementation. It is essential to promote a culture of professionalism, ethical
responsibility, and longerm thinking among HVAC professionals. Encouraging sustainability
principles, emphasiag the importance of energy efficiency and environmental protection, and
fostering a sense of pride in delivering higiality work can help address this challenge.
Preparedness for Adaptation to Digitalization and Climate Change: The HVAC sectoiéa@rger
significant changes due to digitalization and the challenges posed by climate change. The rapid
integration of digital technologies, such as building information modeling (BIM), energy
management systems, and smart controls, requires engineersg forépared and equipped with

the necessary skills. Additionally, the HVAC sector needs to adapt to the changing climate
conditions, including increasing heatwaves, extreme weather events, and rising energy efficiency
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requirements. Providing comprehensivaining programs, promoting continuing education, and
fostering collaboration between industry and academia can help HVAC professionals adapt to
these changes and stay ahead of the curve.

Recommendations

Restructure the Engineering Professiolo meet thenew needs of the HVAC sector, it is crucial to
restructure the engineering profession. This can be achieved by reviewing and updating regulations,
licensing requirements, and professional standards to align with the evolving industry demands.
Collaborationbetween industry stakeholders, professional organizations, and regulatory bodies is
essential in defining the competencies, qualifications, and responsibilities of HVAC engineers.
Restructuring the profession will ensure that engineers have the neceskgis/and knowledge to
address the current and future challenges of the HVAC sector.

Develop Comprehensive Training®eveloping comprehensive trainings is vital to equip HVAC
engineers with a common sense and holistic background. These trainings slweeldtechnical
knowledge, practical skills, and a broader understanding of the HVAC industry, including energy
efficiency, sustainability, indoor air quality, and emerging technologies. Collaboration with industry
associations, educational institutions,cimternational experts can help design and deliver effective
training programs that meet global standards and foster a culture of continuous learning and
improvement.

Regulate Efforts for the New GeneratioiEfforts to nurture a new generation of HVAC eegrs

should be regulated and protected within society. This involves creating a supportive environment that
encourages young engineers to pursue careers in the HVAC sector. Establish mentoring programs,
internships, and apprenticeships to provide praatiexperience and guidance. Collaborate with
educational institutions to incorporate industrglevant curriculum and practical training
opportunities. Protecting the interests of the new generation of engineers ensures their professional
growth and shield them against unfair competition.

Promote Ethical Practices and ProfessionalisEmphasize ethical practices and professionalism
among HVAC engineers. Foster a culture of integrity, responsibility, and accountability in the
profession. Develop codes ofhéts and professional conduct to guide engineers in their work.
Encourage continuous professional development and participation in industry associations to stay
updated on industry advancements and best practices. By promoting ethical behavior and
professonalism, the engineering profession can build trust, enhance its reputation, and contribute to
the betterment of the HVAC sector in Turkey.

Collaboration and Knowledge Sharingroster collaboration and knowledge sharing among HVAC
professionals, industryssociations, and academia. Establish platforms for networking, information
exchange, and collaboration, such as conferences, workshops, and online communities. Encourage
participation in research projects, industry forums, and international conferencdadititate the

sharing of ideas, experiences, and best practices. Collaboration and knowledge sharing will drive
innovation, foster industry growth, and enhance the overall professionalism of the engineering
profession in the HVAC sector.
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United Kingdom N |
Needs N
1. Skilled Workforce: There is a growing demand for skilled HVAC engineers and technicians who

possess the knowledge and expertise to design, install, commission, and operate low carbon HVAC
systems. This includes proficiency in eneefficient technologies, renewable energy integration,
smart controls, and building automation systems. To meet this need, it is essential to promote
HVAC engineering as an attractive career choice and provide comprehensive education and
training programs that eqpiprofessionals with the necessary skills.

Knowledge of Low Carbon HVAC Systems: With the increasing focus on sustainability and the
transition to low carbon solutions, HVAC professionals in the UK need to beversgd in
designing, installing, and opdiag low carbon HVAC systems. This includes understanding energy
efficient HVAC technologies, such as heat pumps, district heating, and cooling systems, energy
recovery ventilation, and advanced controls. Providing training and continuing professional
devdopment opportunities specific to low carbon HVAC systems is crucial to meet this need.
Awareness of Regulations and Standards: HVAC professionals need to-inéowakd about the
relevant regulations and standards governing the design, installation,ogedation of HVAC
systems in the UK. This includes energy performance standards, building codes, safety regulations,
and environmental requirements. Continuous education and training programs should cover these
regulations and standards to ensure comptiarand higkguality HVAC system implementations.

Challenges

1.

Interoperability and Integration: One of the challenges is achieving seamless integration of HVAC
systems with other building safety and efficiency systems. Buildings are becoming increasingly
complex, with various interconnected systems, such as fire safety, security, and energy
management. Ensuring that HVAC systems can effectively integrate and interact with these
systems requires coordination among different disciplines, standardized commionicat
protocols, and interoperable technologies. The challenge lies in designing and implementing HVAC
systems that can seamlessly interact with other building systems to enhance overall safety and
efficiency.

Complexity of Building Regulations: Buildingulagons in the UK are constantly evolving to
address safety, energy efficiency, and environmental concerns. Keeping up with the complex and
changing regulations poses a challenge for HVAC professionals. Compliance with multiple
regulations, codes, and stdards can be demanding and tirsensuming. HVAC professionals
need to stay updated with the latest requirements and ensure that their designs and installations
meet the prescribed standards. This challenge requires continuous education, training, assl acce
to up-to-date information on building regulations.

Performance Verification and Testing: HVAC systems play a crucial role in ensuring building safety,
occupant comfort, and energy efficiency. However, verifying and testing the performance of these
systens can be challenging. It requires specialized equipment, expertise, and a comprehensive
understanding of system operation. HVAC professionals need to conduct thorough commissioning
and testing procedures to ensure that the systems are installed and apgrabrrectly. This
challenge lies in having access to the necessary resources and expertise to conduct performance
verification and testing effectively.
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Recommendations

Client Education and Awarenes$he engineering profession should focus on educatliggts about

the critical performance of HVAC systems in low carbon buildings. This involves raising awareness
about the impact of HVAC systems on energy efficiency, indoor air quality, occupant comfort, and
overall building performance. Engage with cterthrough workshops, seminars, and educational
materials to explain the importance of welesigned and properly maintained HVAC systems in
achieving low carbon goals. This will help clients make informed decisions and prioritize the
performance of HYAG/stems in their building projects.

Performance Metrics and ReportingDevelop standardized performance metrics and reporting
mechanisms that highlight the critical aspects of HVAC systems in low carbon buildings. Clearly
communicate the energy efficiencyatings, indoor air quality parameters, and occupant comfort
metrics to clients. Provide ea$y-understand reports that demonstrate how HVAC systems contribute

to achieving sustainability targets and maintaining a healthy indoor environment. This wileenab
clients to evaluate and compare the performance of different HVAC systems and make informed
choices.

| +1/ SyYy3IAYySSNAYy3I LINRPFSaarAz2yQa O2yOfdzarzya Iy

When envisioning the evolution of the HVAC engineering profession, it's crucial to consider emerging
trends, advancements in technology, and the need for sustainability and energy efficiency. Based on
0KS LINRPTSaaArz2yQa ySSRas:I degatifisgddNaudafenieks St SollowiggR OK I
consolidated recommendations for the future of HYAC engineering are worth keeping salient:

 Embrace Smart and Connected SystemdVAC systems are becoming increasingly
interconnected and intelligent. Engineers shouldmiliarize themselves with smart
technologies, such as IoT (Internet of Things) devices, sensors, and data analytics. These
systems can optimize energy usage, enable remote monitoring and control, and provide
valuable insights for maintenance and perfornsarimprovements.

i Focus on Energy Efficiencenergy efficiency is a critical aspect of HVAC engineering.
Engineers should stay updated on the latest enegfjicient technologies, such as high
efficiency heat pumps and advanced control strategies. DegdtiMC systems with a strong
emphasis on energy efficiency will help reduce operational costs and environmental impact.

1 Incorporate Renewable Energy Sourcegth the growing emphasis on sustainability, HVAC
engineers should consider integrating renewadteergy sources into system designs. This can
involve incorporating solar thermal systems, heat pumps, or integrating HVAC systems with
buildinglevel renewable energy systems. Understanding the interaction between renewable
energy technologies and HVACtsyss will be crucial.

1 Emphasize Indoor Air Quality (IAQnhdoor air quality has gained significant attention due to
its impact on occupant health and wéking. HVAC engineers should prioritize 1AQ
considerations by designing systems that enhance veiatilafiltration, humidity control, and
pollutant monitoring. Familiarity with advanced filtration technologies and air purification
systems will be essential.
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1 Stay Updated on Building Codes and Standardsilding codes and standards play a crucial
role in shaping the HVAC industry. It is important for HYAC engineers to stay updated on the
latest codes and standards related to energy efficiency, ventilation rates, refrigerant usage,
and environmental regulations. Adhering to these codes ensures compliandehelps
engineers design systems that meet the required standards.

1 Develop Skills in Building Information Modeling (BIM)uilding Information Modeling is a
collaborative approach that integrates 3D modelargl data management for building design
and construction. HVAC engineers should acquire skills in BIM software and methodologies to
improve collaboration with architects, structural engineers, and contractors. BIM facilitates
accurate design, clash detémn, and efficient coordination among various disciplines.

1 Enhance Communication and CollaborationHVAC engineers should strengthen
communication skills and foster collaboration with other professionals involved in the building
design and construction poess. Effective communication with architects, mechanical
engineers, electrical engineers, contractors, and facility managers is crucial for successful
project execution and optimal HVAC system integration.

1 Invest in Continuous Learninghe HVAC industrig evolving rapidly, with advancements in
technology and new research findings. HVAC engineers should actively engage in continuous
learning, attending conferences, workshops, and training programs to stay updated on the
latest trends, best practices, antkchnological advancements. Engaging in professional
societies and networking with peers can also facilitate knowledge sharing.

By embracing emerging technologies, prioritizing energy efficiency and sustainability, and adapting to
changing industry requiraents, HVAC engineers can contribute to creating healthier, more efficient,
and environmentally friendly buildings.
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1 DG ENERoncerted Action EPBTbre Team (CT) 5 of the CA EPBD V dealt with Certification of
Buildings andraining of expertsttps://confluence.externalshare.com/content/267c175a
32e94999965fb007aealb59e/1953075488/2236841985
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1.4 Analysis by European Council of Engineers Chambers (ECEC)

Introduction

The ECEC is the European umbrella org#inis of 17 national engineering chambers and represents
over 300.000 chartered engineers in Europe. The focus of its research is therefgerspective of
professionally active highly educated independent staaeithorized engineering professionalghat
GSNE 2F4GSy |faz2 NBLIMAEBopaan cioksStios YLIE 28 SNEQ aARS
The snapshot thus provides the summary of a broad regional spectrum of views on the future of

engineering and does not take into account or focus on specific nationattaspeHE, VET, business
ecosystem, regulatory situation, etc.

For the primary research, the ECEC Secretariat conducted individdeptim interviews with one
representative per member organisation to gather the professional and personal insights formutee
developments and current wants and needs for engineering in Europe. This produced a total of 11
individual interviews, a copy of the structure of the interviews is provided in the Annex. The interview
was held in an opequestion format, the answersf the participants were not prompted in the
questions, providing for free and independent answers. The participating countries were Austria,
Bulgaria, Croatia, Cyprus, Germany, Hungary, Poland, Portugal, Slovakia, Slovenia and Spain. The
Portuguese impaavas gathered in the format of a group discussion of several individuals, also taking
into account the aspect of diversity.

In total, 16 participants were registered.

The secondary research was held on the basis of national and European documentscliithesi
project reports, survey analysis, reports of international organisations and position papers. A total of
7 secondary research papers were obtained and included in the research.

Equality / Diversity in Engineering

In regard to quantitative indicats on the evolving nature of the engineering profession, the ECEC has
¢ based on three different research papengut a focus on the considerable potential that lies in the
enhancement of equality measures in engineering profession and education.

YesVYePIan! .

¢CKS 9N}aYdzab LINRP2SOG a, Saz2StftlryHE gl a O2yRdzOGSR
chambers and professional organisations in cooperation with Universities with the aim of critically
examining gender equality in the field of Architetuand Civil Engineering. The result was

G/ 2 YLISY RA dzY ¢ a1 compsehensive collection of the YesWePlan! project outputs:
recommendations for stakeholders, country situation results of the participating countries, a Career
Tracker and a collection o&Bt Practice Examples.
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Five countries participated in the project and were assessed in the collection of data: Austria, France,
Germany, Slovenia and Spain.

The research results showed, that the percentage of women in civil engineering is low: In 20, wom
made up 1,20% of all civil engineers in Austria, 23,74% in Slovenia, 16,30% in Spain, a rough estimation
of 20% in France and a rough estimation of 10% in Germany. The large discrepancy and variety
between the countries is provided due to the differamigulatory situations and definitions of civil
engineers (e.g. in Austria only sethployed authorized professionals fall under the definition of civil
engineers).

The number of female graduates of civil engineering is also quite diverse, depending diffetrent
regulatory surroundings of education and professions: In Austria, data from 2008 to 2019 shows a large
increase of women graduates from 16,67 to 32,84%; in Slovenia a decrease from 41,35 (2011) to
30,59% (2019); in France a steady humber of@%,5and in Germany an increase from 2013 to 2017
from 29 to 31% of graduates. For Spain, such data could not be obtained.

The data shows a range of diversity in European countries that is mainly due to differences in the
regulatory and professional surrodimgs, which can also be applied to other engineering professions.

What is noticeable in all cases, however, is that women make up a much smaller number of civil
engineers, especially in regard to sethployed work, and that the number of female graduaiem
general increasing. In view to the urgent lack of engineers in Europe and the increasingly important
aspect of diversity for gathering optimized sustainable engineering solutions this shows the huge
potential of measures to attract more women forgineering professions.

Observatorio de la ingenieria

Observatorio de la ingenieria is a Spanish study analysing the current reality of Spanish engineering,
the future prospects of the sector and the needs for the competitive development of Spanish
companies. The study also puts a focus on the role and potential of women in Spanish engineering.
The first edition of the study was published in 2022.

The paper reports on various topics concerning working conditions of engineering professionals in
Spain, framewrks and developments of new jobs and a future forecast for needs of Spanish engineers
in the upcoming years.

Spain currently has approximately 7800 engineers, which is a larger number of engineers for every
thousand inhabitants (15,7%) in comparisorF@ance or Italy (15,4 and 11%). Of these, women make

up approximately 20%. This broader perception of engineers as opposed to civil engineers shows an
increase of the number of women working in engineering as compared to the YesWePlan! study
results. A pdicularly low number is presented for women in Telecommunications engineering (12%),
computer engineering (16%) and industrial engineering (19%).

At the same time the study reveals that there is a significant lack of engineers in Spain, where 200,000
new engineers will be needed the next 10 years. This fully supports the results of the YesWePlan! study
in regard to the importance of attracting more women to the profession.

Funded by the European Union. Views and opinions expressed are however those of the author(s) only

and do not necessarily reflect those of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

86



*

% KR Co-funded by
ENGINEERS4EUROPE **** the European Union

UNESCO Engineering Report

UNESCO has published two landmark reports on engine¢hagecond being published in March
2021 and carries the title Engineering or Sustainable Development: Delivering on the Sustainable
Development Goals.

The report shows the crucial role of engineering in achieving the SDGs as well as putting a focus on
gerder equality in engineering professions.

The report formulates references in practice examples and possible solutions targeted at governments,
engineering organisations, academia and educational institutions and industry to encourage
cooperation and colladiration in engineering across the globe.

Current developments in engineering

Forthe purpose ofF AYRAY 3 | ONRBIR aLISOGNMHzY 2F QGASGgLRAYyGA

one person per member chamber was interviewed in a personal interview.

An overview of the results of these interviews will be presented in the following points and
summarize vaious perspectives of professional engineers:

Ten out of the sixteen participating interviewees remarked that the role of engineers is gaining more
and more importance, and that this relevance will considerably increase in the next years, particularly

'.[

inthS FASER 2F &daadlAyrotsS RSGSt2LISyds GKS OtAYLl
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SYIAYSSNAYy3I aAa ONHzOALFE F2NJ GKS | ROFHyOS¥tBwia 27
report stresses the crucial role of the engineering professions for solving critical problems such as
climate change, urbanisation and the pegvation of nature.

The topic of sustainable changes and developments in engineering was a focus in 9 out of 11 individual
interviews with the claim that all individual sectors of engineering need to integrate sustainability
reflections in order to achievthe Sustainable Development Goals. Elements such as energy efficiency,
sustainable alternatives and dathiven strategies need to be automatically considered starting with

the design of a project. Engineers are main drivers in implementing the UN d&D6&s by designing
sustainable infrastructure, developing clean energy solutions, addressing climate change and
managing natural resources. For sustainable changes, there is an emerging importance of realising a
circular economy as opposed to ctime-use, especially in the building sector. Circular economy also

31 United Nations Educational, Scientific and Cultural Organization 2021, P. 18
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provides for new and alternative techniques and especially new materials to be used and reused in
engineering.

The development of engineering also shows a fast and important process of digitalisation and
computerisation, as stressed by fourteen individual and group interviewees. Digitalisation is said to
fundamentally change the way engineers work and make it plessb apply completely new
technologies such as Internet of Things, Artificial Intelligence in-aadidytics as well as automation

and robotics. Representatives of civil engineers also stressed the developments stemming from the
use of Building Informatn Modelling (BIM) as opposed to AutoCad Drawings or other systems.

Two interview partners also addressed the process of internationalisation of engineering work based
on the development of the internal market of the European Union but also going beyahdhan
important and fast evolving interdisciplinary practice of engineers.

Overall, the speed of the mentioned developments seems to be depending on geographical und
institutional structures.

One national interview partner especially stressed that engiae@r O2 Yy i NRAR o dziA 2y G2
development on national level is rapidly increasing through implementation of renewable energy
systems, transportation infrastructure and the application of innovative technologies. This statement

was supported by another niainal interview partner, who reported on a positive national
development towards a circular economy and the use of new materials, particularly the use of fly ashes

in the building sector, though problems continuously appear on a political level.

In other egions and sectors, sustainability of processes is still in its early stages. One national
representative reported about a disregard for proper construction waste management in its proper
handling, disposal and recycling, leading to environmental polluioth other negative impacts on

local communities.

Seismic engineering is regarded as an important aspect of sustainable and ethical engineering practice
and was brought up in five of the interviews. Three interviewees mentioned the engineering disaster
asan aftermath of the several earthquakes in Turkey and connected it to political sluggishness. On
national representative reported rather positive developments with regard to quick responsiveness to
earthquakes and a general awareness of the needs of theexable population, while also observing

a lack of legislative framework and lazy decisimaking. Also here, the situation differs in different
countries, as another national interviewee reported predominantly bad examples in seismic
engineering, but aenerally productive increase of goapiality construction in the country.

As for digitalisation in engineering, many of the interview partners observe a partly slow but very
steady development, though full computerisation of processes is partly alsadeoedifrom a critical
perspective. Interviewees strongly stress that controlling the digital / Al tools will still have to be based
on professional knowledge and skills in order ensure adequate input information, to define the right
circumstances and to otrol and analyse the outputs. Three interviewees even called for a need to
slower this process and put a stronger focus on practical skills and a scientific base of knowledge.

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
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Opportunities and challenges for the profession
Digitalization and Al

Therapid advance in robotics, Al and multiple other technologies is regarded as a threshold to
manifold opportunities for engineers

Artificial Intelligence technologies can improve operation and lead deemgiing for engineers on

the basis of various datcollections and are regarded as the basis for the implementation of new
technologies in engineering. Some mentioned examples were the use for big data and digitalisation to
improve sustainable management of agricultural land and resources, electrieiye usodelling and
multi-spatial climate data. All this is seen as a crucial basis for the further development of sustainable
alternatives in all branches of engineering, included energy efficiency in the building sector. Therefore,
several interviewees atsexpressed the importance of catching up in areas that have been poorly
digitalized so far.

The interviewees also mentioned the changeand necessity- for improved cybersecurity in
connection with the implementation of new technologies. In one of theririews, this was also
connected to the emergence of telemedicine tools aAdeaxalth as well as for the integration of smart
manufacturing systems, attributed to sustainable factories.

The view that engineers will play a crucial role in the creationraivations and technologies that are
sustainable, costffective, righteous and ethical was explicitly stressed by seven interviewees.

Beside the fact that the significant changes due to the development of artificial intelligence that will
fundamentally bange the work of engineering professions in the coming years are seen as an
important opportunity for the development of the engineering profession and the manifestation of
the role of engineers in society, it was mentioned that they might also allethiatproblem of lack of
engineering personnel.

Beside the numerous opportunities of digitalization there are a number of concerns, as was stated by
ten of the interviewees. These challenges arise from the rapidity in which this computerisation and
digitalisation is being carried out, which is difficult especially for engineers with an education that dates
back to before this transition was ongoing. The development seems to be less challenging for young
engineers, for older ones additional support measurasid¢te important.

Similar problems also arise from the quick development of Al, which redefine the roles of engineers in
the production process with new ways of working, new relationships with equipment and automation
which requires different skills in datnalysis and computer science.

(Multi-stakeholder) partnerships

The interviewees defined a number of opportunities coming from working in mugtakeholder
cooperation. It has to be noted, though, that the scope, definition and regulatory basis of sutth m
stakeholder partnerships is different in different countries.

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
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The view that multstakeholder partnerships directly tie into close collaboration of engineering
stakeholders and improve an open dialogue between engineers, was supported by eightimey.

Such cooperation is also regarded as a possibility to ensure market freedom and give way to
benchmarking. Eight of the interviewees expressed the possibility of the enhancement of a more
levelled and balanced field of engineering.

It was also stresed that multistakeholder partnerships can establish and enhance the rmeeiled
interdisciplinary approach that is a basis for excellent sustainable solutions. It can bring in various
perspectives from engineers but also scientists, politicians, juetts Another benefit of muki
stakeholder cooperation that was mentioned is the possibility of sharing experiences and knowledge
in a confidential environment, which is otherwise difficult to encounter in a competitive engineering
environment.

Some interiewees also elaborated that these types of partnerships can be an effective tool against
corruption and monopoly systems and for ensuring market freedom.

Overall, there is agreement that interdisciplinary approachesin or out of multi-stakeholder
partnershipsg are a crucial basis of sustainable development.

Several interviewees stress that unleashing the benefits of ratdkeholder partnerships requires
adequate regulatory frameworks that can avoid negative impacts.

For any form of collaboration of nitiple stakeholders, interviewees see the need for diverse and
inclusive decisiomaking processes. Five interviewees also expressed the need for a framework to
ensure open dialogue, transparency and clear communication.

Four out of eleven individual inteilewees stated that the regulatory framework of medtakeholder
partnerships needs to ensure market freedom but also transparency for consumers and the public. An
important prerequisite for this is the professional independence of engineers in their. Wik
independence, whether it be politically or economically, makes it possible to represent public interests
and actively work against problems like greenwashing and corruption of the market. It is the also the
basis for the implementation of the beshgineering solutions that are not compromised by political

or economical dependencies and for the highest level of consumer protection. Ensuring the
professional independence of engineers requires adequate shaliding regulations that restricts the
possbility of compromising the independent work of engineers.

Some interviewees stress that for such partnershipsar incentives for investment in natural
resources, circular economy measures and research and development for sustainable practices need
to be formulated and realised in order to get financing stakeholders to comply to these principles.

G/ 2y aoA hdngiyfebring €
The interviewees regard a sound ethical basis for the work of engineers as a public interest
concerning ourisociety as a whole.

They see the execution and observance of the compliance mostly in the responsibility of chambers and

other professional associations.
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Regarding professional responsibilities, nine out of fifteen participants have stressed the importance
of lifelong learning / CPD measures in view to engineering developments. Ensutioglaie skills

and adapting to engineerin developments is regarded as a basis for conscious conduct of the
profession. Interviewees also expect the support of professional chambers in fulfilling such
requirements. Some of them stress the fact that an unwillingness of some engineers to pagtinipat
CPDs due to a lack of time, lack of resources or a lack of incentives can lead to serious problems and
see it in the responsibility of the chambédms provide such incentives and or / easily accessible CPD
measures and / or other adequate support messs.

Beyond pure technical developments some interviewees have also expressed the importance of
training programs and workshops on ethical decigiaaking, inclusion and sustainable design.

The Interviewees regard it as essential that chambers and gitedessional organisations establish
enforceable codes of conduct and guidelines that emphasize ethical and sustainable practices and
organize and conduct effective systems of compliance. This is regarded as a particular concern and
safety risk for countes without obligatory membership to engineers chambers in which disciplinary
sanctions can be easily avoided.

Several interviewees regard is as essential to ensure the professional independence of engineers not
only on a regulatory basis (e.g. sharehoidiequirements) but also by raising the awareness already
during the different steps of engineering education. Additionally, it is considered as a responsibility of
the chambers to concern themselves with the factual independence and governance otdmeray.

Six out of ten interview results state that engineers are continuously struggling for this factual
independence.

Engineers need to be able to consider multiple perspectives when designing a project or bringing it to
life, particularly from a soclaviewpoint. It needs to be assessed whether the social implications are
profitable to the end users and whether equity and other social principles are met.

Four interviewees stated that in view to sustainability and other ethical responsibilities, avesrene
raising needs to start long before university studies are pursued and encourage chamber activities to
develop childfriendly ethical awareness methods such as books or games, which convey ethical
consciousness, particularly responsibilities in protegtime environment, even to young children.

Interviewees regard chambers as the main factor in the adequate conveyance and organisation of
ethical and sustainable responsibilities within the profession and in raising the awareness in society.
With crises ke the climate change, the safety and living quality of our society worldwide is more and
more depending on adequate sustainable engineering solutions. Consciousness in engineering
combined with professional independence are constantly gaining importdneviewees regard it

Fa F LINAZ2NAGE 27T the Kwaréress NiEalDparfichands in the fieldbf Eaisfruction
and of all levels of society about the role of engineers, their professional independence and ethical
basis.This also extends teecuring adequate Continuous Professional Development (CPDs) courses
available to professional engineers as an important task for Chambers.

Engineering qualification and market needs
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Based on the fast developments in digitalization and sustainabilitytenviewees regard the
cooperation between universities and actors of the engineering profession as an important
opportunity to regularly modernize curricula and practical educatioBeven interviewees stressed

the positive impacts of such cooperation farhencing curricula and applied study programmes that
are and actors of the profession to achieve more applied study programmes and adapt curricula that
are in compliance with market needs.

Most interview partners stressed that educatiomafjuirements are getting more and more complex.
Skills are divided into hard skills (technical knowledge) and soft skills (personal skills). In engineering
education there is a strong focus on hard skills and the conveyance of facts and scientific kaowledg
that are the necessary basis for engineering work. Eleven of sixteen participants stated that in practise
there is an equal importance of hard and soft skills, whereby four interviewees believed that there
needs to be an increased focus on soft skillerigineering education. Nevertheless, all interviewees
stress the crucial importance of a sound theoretical basis for practising as an authorized engineer.

Among nine interviewees, there was also a call for more applied and practical skills in addikien to
theoretical knowledge obtained at a university level or in other engineering learning institutions.

Six interviewees regard the ability to operate new technologies as a crucial skill for aspiring engineers
nowadays. They are expected to know or acqliitewledge on automation and robotics, 10T, AR and
VR, 3d printing and Ai data analytics for identifying and analysing complex technical challenges and
developing innovative solutions.

Five interviewees especially stressed the importance of practical s&tlbased on computers or other
technological aids. This includes basic abilities to think critically and extends to more practical
appliance by controlling computer results and not trusting digital processes blindly. One interviewee
OFft SR UXKYNESNKBIaslyd 2F GKAY(1Ay3Aeé | yR Ffaz LINEROf

5dzS G2 GKS AYGSNYyFrdAzylftAaalrdazy 2F Sy3aAySSNAy3a:
explicitly stressed by one interviewee, meaning to act locally but thotkadlly. Engineers must be able
to gather information of other realities and consider how local solutions may be applied elsewhere.

Several interview results also tie this to the need for the ability to think and act multidimensional and
interdisciplinary.Engineers must be enabled to consider all the dimensions of a problem, meaning
economic, political, ethical, sustainable, equitable in terms of gender imbalances and other
dimensions. As many technical challenges today require cooperation between seissiplintes,
enhancing interdisciplinary thinking is of great importance. Engineers should be able to think outside
the box of their own field and collaborate with experts from other fields. The ability to plan, organise,
monitor and complete projects onrtie is crucial for success in the engineering profession.

There is agreement, that sustainable development can only be based on ethical engineering, which
NBIljdzA NB&d aO02yaOAz2dzaé SyaAySSNaERO®

This means that overall, interviewees agree that engineers requeerétical knowledge, practical
experience and the comprehensive understanding of the impacts of the engineering work supported
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by competences in all aspects of sustainability in a very broad sense. Apart from technical and
engineering knowledge in sustainility, a holistic understanding for its dimension is necessary.
CAylrftesz AG Aa adNBaaSR (KSe& vy §Bdaning the cBnipetéhte2 LI 2 LIS
to be ready to gather learnings from each new project and experience and be williacgive further

education. This also provides for a strong scientific and theoretical base to which to add new
knowledge which can be quickly interconnected with other knowledge.

In regard to the climate crisis one participant also remarked that it wilbimecincreasingly important

to focus engineering expertise not only on avoiding the climate change but already on the preparation
for negative impacts in worst case scenarios. A climate change adaptation skill is therefore of vital
importance, meaning to deslop strategies and adapt to the everchanging developments of climate
change.

The current challenges and fast developments in engineering can lead to a lack of certain skills needed
in order to effectively pursue goals of sustainability and digitisation.

It was also stressed that engineers are nowadays expected to bring forth communicative and personal
skills which are usually developed with experience. One interviewee particularly expressed a need of
knowledge on entrepreneurship principles as well agiing on engineering responsibilities stemming
from the independent position of engineers. Engineers also need confidence in their deniskimg,

which comes from a strong foundation in knowledge.

Meeting these complex requirements can only be basedaowrlose cooperation between all
stakeholders in engineering education and conduct in order to provide educational measures that
complement each other and are able to fulfil all the different needs.

Approaches to bridge the gaps between education, professand industry such as that of the E4E
Skills Council are thus regarded as extremely important for unleashing the potential of future
engineering opportunities.

Changes of the political and regulatory framework

While it has already been established that the engineering profession is developing in a more
sustainable and digital directionthe interview participants have stressed the necessity of
fundamental changes in the political and regulatory frameworks in erdto fully realise these
positive developments.

Especially in relation to sustainable developments, eight interviewees have expressed the need for
political and regularity measures for achieving circular economy. They stress for example the
importance ofinvestment incentives and effective rehabilitation and reconstruction, the provision of
broader possibilities to apply new and alternative techniques and especially new materials to be used
and reused in engineering etc. One interviewee stresses thamniipeementation of the Sustainable
Development Goals is not possible from an idealistic viewpoint that is still being applied today and but
that the engineering profession needs to be fundamentally changed to provide for more sustainable
use of constructionand designs.
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Several interviewees have criticised the ability of the legal framework to ensure high quality
engineering solutions in their countries or on the EU level. The Public Procurement Directive is
regarded as an important tool to enhance quality éngineering. It is essential that engineering
services- that are complex intellectual servicesare mandatorily procured on the basis of quality
competition and not price competition. The Directive therefore needs to be changed accordingly

Two intervievees also stated that they would like to see a more harmonised and unambiguous
regulation of engineering professions on the EU level. As a first step the importance of the
implementation of a Common Training Framework for civil engineers is stressecemtoralgree on

a common European qualification level as this would automatically lead to better mobility and more
transparency for clients and consumers.

Three interviewees also showed concern for legislative approaches to sustainability issues, egrthey f
a general approach in overregulation of the profession making for ineffective engineering. This also
relates to over boarding standardization activities that can even hinder innovative sustainable
developments and practices.

In general, it was expresdeseveral times that there is a need for the direct involvement of engineers
in legislative processes and that more engineers should be represented on destaite

Shortage of engineers

Interview participants, particularly those active pedagogic roles, have reported a general lack of
engineers and of new engineering students particularly in specialised positions. In the interviews, the
three participants expressing this concern tied this to a lower prestige of technical study programmes
compared to humanitarian studies. This directly ties into the need for more visibility of engineering
professions and better working conditions with an increase of salaries.

Additionally, this relates to the topic of equality / diversity in the professiod the potential that lie
in attracting underrepresented groups of persons for the engineering professions.

Three interview results also bring forth difficulties in sustainable developments through the rapid
energy and ecological transitions, meaning froaditional to sustainable energies and from a linear
to a circular economy.

Conclusions

1 In view to the topic ofEquality / Diversity in Engineeringhere is an obvious conclusion.
Implementing measures to enhance equality in the profession has a nunfpesitive effects
ranging from combating the lack of qualified engineers to providing more divers approaches
to reach sustainable engineering solutions.

1 The YesWePlan! project already provides an excellent set of recommendations that are openly
accesdile and can be used as a toolbox for measures on the level of Universities, of chambers

and professional organizations and of employers whichrB8&C would recommend to use on
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all three levels and regards it as important to cover the topic of diversityledity as a cross
sectional matter also in CPD measures.
https://yesweplan.eu/intellectual-outputs/recommendations/

1 The continuously increasingequirements in regard to engineering education and
qualification call for an enforced cooperation of Universities, professions and indusbye
to the fast and ongoing technical developments in engineering it is not possiplaae to
gather all the required skills and competences for a professional lifetime during University
education. Lifdong learning combined with professional experience becomes increasingly
important. Therefore, in order to meet the market needs, thdaliént forms of education
need to complement each other. This can only be reached by a close cooperation of all
stakeholders in the engineering education and professidme ECEC therefore regards the
enforcement of cooperation between Universities, profsions and industry on national and
European level as a necessity and sees the European Skills Council as an important tool.

1 Educational and professional requirements and circumstances in engineering considerably
differ in Europe which can provide practichindrances for professional mobility while
increased mobility is important for combatting the lack of engineers and enhancing know
how exchange and internationalisation of engineering solutiondMeasures such as the
implementation of Common Trainingdmeworks foreseen in the Professional Recognition
Directive (Article 49a) can help overcoming such hindrances, provide automatic recognition
and thus enforce engineering mobilityn any case, making use of such possibilities will also
require the avallallity of adequate CPD measures supporting engineering
internationalisation and cross border activities also for smaller engineering entities.

1 Professional independence of authorized engineers is the basis to ensure the
implementation of the best availablesustainable planning solutions that are not
compromised by political or economic interesEnsuring this independence therefore is a
public interest and a preequisite for successfully meeting the manifold societal challenges.
The ECEC thus regards itex¢remely important to ensure this independence by adequate
regulatory frameworksg including shareholding requirements and further supporting
measures on the level of professional chambers / organisations / educational instituktues.
includes adeqate ethicrelated CPD measures, also covering the topic of different forms of
multi-stakeholder cooperation, as interdisciplinary approaches are rapidly growing in
importance.

9 High quality engineering services will play a crucial role in reaching the aims of the European
Commissions Green De&he Public Procurement Directive is regarded as an important tool
to enhance quality and innovation in engineeringn other to enhancethe required
engineering excellenaeis essential that engineering serviceshat are complex intellectual
services- are mandatorily procured on the basis of quality competition and not price

competition. The Directive therefore needs to be adapted adingly Knowledge in
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procurement legislation and adequate procurement procedure is an important engineering
competence, used either in the role of engineering service provider or as representative of
the procuring authorities. Adequate CPD measures trerefore highly relevant.

1 Engineering innovation and excellent engineering solutions depend to a certain degree on
the regulatory surroundings, including standardizatioh is a fact, that overregulation can be
a considerable hindrance to sustainabl@aration (e.g. use of alternative building material
etc).
It is therefore important tog legally and also in regard to professional competencesnable
engineering experts to provide alternative solutions to existing standards and thus remain
important drivers of innovation.
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Individual Guided Interviews
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Personal Information

) %30 o0rless¥% 31-40 3% 4150 3% 5160 % 61or
1.1 Age:
more
1.2 Gender: % female % male % diverse

1.3 What is your current job title?

1.4 Which industry or sector do yol
work in?

1.5 Which country do you work in?

1.6 How many years of workin
experience do you have in t
field?

h ¥25o0r less 3% 6-10 34 11-20

% 21 or more

Key Research Questions

2.1 How will the engineering
profession evolve over the next
and 10 years?

2.2 And based on this, what are th
emerging technical and
transversal skilland
competencies required in the
engineering profession?

2.3 How do hard (e.gechnical) and
soft (e.g. personal) skills differ ir
terms of their importance for
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success in the engineering
profession?

2.4 What is the role of the
engineering profession in the
implementation of Sustainable
Development Goals?

2.5 Which new skills and
competencies might be needed
in order to achieve the
Sustainable Development Goals

2.6 How can engineers be trained 1
0502YS a02yaoOh
who prioritize ethical and
sustainable practices in their
work?

2.7 What role does professional
independence play for Engineer
in their working life and how
important is it for the clients /
society? How can University
curricula and/or CPD measures
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enhance awareness of the
different aspects of professional
independence?

2.8 Which factors might challenge
the developments of new skills
and competencies?

2.9 How can muklstakeholder
partnerships address skills
shortages/mismatches in the
engineering profession and wha
are theirdangers?

2.10 How should policies correctly
be addresse@nd which
initiatives are needed for a more
digital, green and resilient
practice of the engineering
profession?

2.11 Are you aware of any case
studies and best practice
example which showcase the
positive/negative development
of current engineers?

2.12 In general: What engineering

education and training programs at

needed for aspiring engineers?
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Further Questions/Notes:

Thank you for your participation!
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2. COUNTRYEVEL ANALYSIS
2.1 Portugal

2.1.1 Analysis by Faculdade de Engenharia da Universidade do Porto (FEUP)

1. Introduction

This report concernsUPoHB9 ' t 4 Q &y LJAK2G 2F GKS AYLX SYSydal GAz2
and the conclusions drawfinrom the data gathered.

C9!t F20dzASR YlAyte 2y O2fttSOGAy3 RFGF NBIAIFNRAY
competencies required in the engineering gsok & A 2 {6Merd aysiRls rismatch between what
engineering curriculareRSt A @SNAYy 3 | yR gKIG GKS 2206 YIN]SG Aa

2. The Emerging transferable skills for Engineers

The number of higher education students enrolled in engineering programsitr@ased during the

past few decades. This presents significant difficulties for Higher Education Institutions (HEIs), which
have a social responsibility to advance the employability prospects of their graduates by empowering
them to succeed in the worltace while also addressing the demands and expectations of the labor
market in terms of skills.

Engineers in the poshdustrial world are expected to have much more than just technical skills in their
professions, despite the fact that they are typicaligen as individual technical contributors.
Additionally, the engineering job market anticipates that candidates will have a set of transversal skills,
such as teamwork, timenanagement, managemetif and the ability to adjust to the difficulties of

the twenty-first century, which include the frequent, unforeseen changes that are now the standard
in many industries and companies.

These competencies are not related to specific fields of engineering and can be applied across various
contexts, labor organizatits, and roles. They enhance technisaientifical skills, and contribute to
professional success and adaptability.

Engineering programs all across the world are starting to encourage the development of transversal
and transferable skills to address thdssues. Despite this norm, engineering programs continue to
place too much emphasis on technical abilities while giving nontechnical skills insufficient
attention®3%. In fact, HEIs frequently struggle to strike a balance between vagousculum
requirements and job market needs.

In Portugal, transversal skills are already considered important, however, their development was for

quite some time infused into the curriculum or left in the hands of Student Bodies/Associations. With
thecorm G yi WR2g4yaAlTAy3aQ 2F (GKS OdzNNA Odzf | NJ LINB INI Y3
to approach such competencies, transversal skills were often (to say the least) neglected. It was just

ZLUFYAZ a® FYyR L® {NBdNI® 69YyIAYSSNAYy3I {GdRSydaQ t SNX
| & LJA NJ G o of Brdfeéssiong? legues in Engineering Education and Practice 142 (2016): 04015005.
BWd DAfESIFNR YR Wd5d DAf{ SI NRZ a5S@St 220032@)20N2é
3T.J. Siller. A. Rosales and J. Hainegs,S @St 2 LIYSy i 2F dzy RSNHNJ Rdzr 6 S &
professional issues in engineering education and practice, vol.135, no 3, ph0&02009.
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I aadzYSR GKIFG 0@ LINI Ol A OthefrIepoits) SUdéhi@ wanldl@véentualiNgeta Sy G |
OSGUSNI G GKSANI O2YYdzyAOlI GA2y aiAatfta FyR aOASYyO
presentations there is no reflection of these competencies nor are they assetisedocus remains

on the technical skills. This approach (infusing) proved to be ineffective and insufficient to prepare
students for their new roles and responsibilities required by the labor market nowadays.

€N ~.

E4E research revealed that engineers in Portugal (and their employers) recognize the need to use
transversal skills in their roles and daily tasks and request that more importance be given to such
competencies in academic engineering curricula.

It also urtovered that there are two main approaches to developing transversal skills: promoting
handson approaches to learning and focusing on integrating or belimgormal opportunities to
develop and test these competencies.

3. Methodology

E4E common methiplogy is structured on 3 pillars:

1. Assess current situatiorthe methodology defines the tools, data, research models and
I dadzyLliaAzya (2 FaasSaa (GKS aqadarasS 27F Lileég C
competenciedor the profession, with a specifie 2 O dza 2 yi SIKKSy Aadn2tye | a LIS O

- Digital skills needed for a more integrated, dynamic and multidisciplinary profession.

- Green skills: how the profession requires skills linked to a circular and greener
economy.

- Resilience skills: also referréd2 | & G0N YAOSNEIf €S aaz2Ffdé |
i.e., adaptability, change management and care for each other as a community.

2. Anticipate future needsbased on realistic scenarios and the results of the analysis of the
current situation, the mdtodology will allow to anticipate future needs for skills and
competencief the profession.

3. Monitor progresson a yearly basis to gauge the evolutions of the demand and supply of skills
for the engineering profession to adjust the Skills Strategy.

The BE research methodology combines primary and secondary research methods to gather relevant
data from various stakeholders in the profession.

Primary research involves the organization of focus groups, and/or interviews, and/or
questionnairebased surveys with representatives of the engineering professalong the whole

cycle of education, training, the world of work, employers and industry. This approach enables the E4E
project to involve at least 200 stakeholders relevant e profession in each round of monitoring.

This primary research method providesdepth insights into the challenges, opportunities and skills
required in the engineering profession.

In this primary research, FE@Ralyzedhe data of SURVEY- & surveyconducted online, in 2022 to

1%t cycle graduates in engineering. SURVEY 1 collected 473 validated responses (53% of &l FEUPs 1
cycle graduates in engineeringinother survey (SURVEY 2) was launched by Engineers Europe, in
2023, to graduates (professials and interns), academics and students in engineering.
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Secondary research is based on desk research that captures specific trends for the engineering
profession This approach involves a review of relevant literature, reports, and statistated to the
profession, including the identification of trends and the development of at least 10 Fiches. Each Fiche
depicts examples of concrete action, capturing not only good practices but also lessons learned about
what works and what does not woik the acquisition of digital, green, resilience and entrepreneurial
skills among engineerslEF Higher Education Institutions will focus on the current state of engineering
education, including curriculum, teaching methodologies, and pedagogical gasctis well as the
challenges and opportunities associated with the evolution of the profession in the next 5 to 10 yeatrs.

C2NJ GKS aSO2yRINE NBaAaSINOK=Z C9't Iyl fe®she NBLZ2N
General Directorate of Higher Eduicat®® , the National Statistics Institutéand other relevant
sources of information.

4. Needs

SURVEY 1 revealed that 92% of FEUPs engineering graduates/alumni consider that their roles and tasks
FNB wiz2dlrtfe NBfFGISRQ e2NISWALINIWAS R fRdzZNWS/E T (GSKRSCRCNJ
bw: 2F (GKS NBaLRyRSyidia O2yaARSN GKFG LISNBR2YLf
AYLRNIFYGQQ F2N GKS FdzyOlAazya i OdzNNBy it é& LIS
increasedn the program they attended.

ot 2N 2Q4 9YLX 28YSyid hoaSNWIFG2NE I o6FAaASR 2y &dzNK
knowledge of the processes of transition to work, of the weight and influence of training not only in

the lives of its gradates but also in society, in the economy and in the culture of the country and

should serve as an instrument for the definition of strategic lines of development and quality of the
training provided in the various programs. The surveys are applied annually

BR
KSe

The last available repd® published in April 2022, surveyed alumni who graduated in the academic
year 2018/2019, two years after graduation. 5884 alumni of U.Porto answered the survey, of which
1018 had graduated in a integrated master or master progne of the Faculty of Engineering (FEUP).
Among the questions asked in the survey some relate to the perception of the skills acquired during
the master programme and the skills professionally required in the current job. Graph 1 shows the
comparison beween the skills acquired during training and those needed professionally. The
presented data corresponds to the average points of the FEUP respondents for each item in a scale
from 1 (never) to 5 (always). Overall, there is a good overlap between the akijlired and skills
needed in the job. Yet, a detailed analysis highlights shortcomings and mismatches. Graph 2 shows the
deviation between skills required professionally and skills acquired during the master programme. The
values are normalized by theale highest value. A positive value means that the skill is required
professionally more intensely that what was acquired during the master programme. The largest
positive deviations refer to the use of ICT skills and those skills that involve intesetitn the
working colleagues. On the other extreme are skills related with leadership, ethics atehseiig.

35

https://sigarra.up.pt/up/en/WEB_BASE.GERA PAGINA?p_pagina=observat%c3%b3rio%20d0%20emprego%20
€%20da%20trajet%c3%b3ria%20dos%20diplomados%20da%20u.porto

36 hitps://dges.qov.pt/

87 https://www.ine.pt/

%8 Carlos Manuel Gongalves (2022), Situacdo ocupatialos diplomados da Universidade do Porto,
https://sigarra.up.pt/up/pt/conteudos_service.conteudos_cont?pct _id=35070&pv_cod=13caaSkaEarE
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Be adaptable and flexible

Mobilize the skills of other professionals
Analyze and reflect on professional problems
Act ethically

Apply their theor., tech. and operational knowledge
Have initiative capacity

Working as a team

Formulate new ideas and solutions

Think critically

Relate your knowledge with other subject areas
Obtain in-depth knowl. in your area of acad. training
Assume responsibilities and decisions

Organize, plan and manage tasks

Acquire new knowledge

Have leadership skills

Develop self-learning

Analyze and synthesize information

Working with ICT

Communicate correctly in a foreign language
Work autonomously

Manage time

Work under pressure

o

1 2 3

=y
w

m Skills required professionally m Skills acquired during the master programme

Graph1-{ 1 Aft & I OdANBR RdNAYy3I CO! t Q& aSpuice: IGNBaROEI(2822)S | YR NB I dzA NI
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4.1 Which types of competencies are not being sufficiently addressed in engineering programs?

When questioned about which type of competenciesnttibuted to the functions (daily
FOGABGAGASaK(GlIalao GKSe& LISNF2NXNI pH: YSY(GA2ySR {f
AYLRNIFYGQ 6KAT Al naQA NBLX ABR . A afAd XNy OKWIAOY$SN
This indicateshat the job market is, currently, with a high demand for engineering professionals, and

in a context of volatility, uncertainty and rapid changes in technoekpgcific contextrelated hard

skills can become obsolete in a relatively short period of tifitneis the transversal nature of soft skills
remainsrelevant in different disciplines and work scenarios, but also in personal and social c#¥ntexts

Agreeing on the importance of developing such competencies in the engineering programs, the next
step was to figure out how to do it.

4.2 How to develop transferable skills in undergraduate programs?

SURVEY 2 results (see Graptevealed thato better prepare students for the evolving nature of the
profession, the main aspegtfor Portugal; was the creation ofore practical and handsn activities
Considering this aspeaeveral engineering HEIs in Portugal are actively workingptement active
learning approaches that favor the development of transversal and transferable skills. HEIs are also
proactive in contacting industrgnd companies and collaborating to make learning more meaningful
and engaging, for example, throufSc hesis done in company environment.

SURVEY 2 results (see Gr8plalso revealed that engineering programs needegteater focus on
soft skills development

e
7]
=
%]
z
Respondents
. Al
N FT
Q7a Q7b Qic Q7d Qie
Dimension

Q7a: More emphasis on interdisciplinary and cross-functional collaboration

Q7b: Integration of sustainable and ethical practices into the curriculum

Q7c: Greater focus on soft skills development, such as communication, language skills
and management skills

Q7d: Exposure to emerging technologies and their potential applications in engineering

Q7e: More practical and hands-on experience through internship and apprenticeships

Graph 3¢ What changes should be made to the engineering education and training programs ¢o pegpare students to
the evolving nature of the profession

%9 Rao, M. S.: Soft skills enhancing employability. New Delhi, I. K. International Publishing House, 2010.
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Despite their significance and urgency, soft skills are insufficiently addressed in higher education
programs. They may be described in the curricula explicitly, yet their delivery and developave

been overlooked for many decades. Nowadays, infusing transversal skills in the engineering curricula
is being put aside to consider thelting-on or the embedded approaches to their development.

When questioned about which approaches to develtye thecessary skills for the engineering
LINEFSaa4A2Y Ay F2NXIf SRdzOFGAZ2Y 6DNI LK -onéni (KS
SELISNASYGAFE €SIENYAY3I 2LILRNIdzyAGASEaQ YR WSYLXKLE

Answer

Respondents
. Al
I PT

Q8a Q8b Q8c Qsd Q8e Qsf Q8g
Dimension

Q8a: Emphasis on interdisciplinary and systems thinking

Q8b: Incorporation of sustainability principles in engineering courses

Q8c: Greater focus on social and ethical issues related to engineering

Q8d: Integration of hands-on and experiential learning opportunities

Q8e: Emphasis on communication and cellaboration skills in engineering

Q8f: Integration of emerging technologies and practices into the engineering curriculum
Q8g: Development of flexible, customized and short training programs

Graph 4¢ What new approaches to formal engineering education and training are necessary to prepare engineers for the
challenges of the Z1century?

4.3 How are HEIs in Portugal developing transferable skills?
4.3.1 Intgrating handson approaches and experiential learning

Several HEIs in Portugal are trying to set up new approaches to develop transversal skiligratrigte
handson approaches and experiential learning.

FEUP (Porto), ULisboa (Lisboa), FEUC (CoifibrapS | O2dzNAS y I YSR Wt Np2S {2
Project).Through a realife project scenario, the students will be able to apply and consolidate all the
intended practices and techniques that a project encompasses. From its inception to itsdithattp

delivery, the students will go through all the phases of development, working in teams and
collaborating to achieve a common goal. This "learn by doing" pedagogical philosophy allows for a
deeper understanding of the practices and exposes the sttgdenthe hurdles and difficulties a real

project might present. This methodology focuses on "product delivery", forcing the students to define

a viable process to enable a fully functional, reéalyise, final product release.).

[ aY

FEUP created severalcaub & 2y W{ (GdzZRSyda /2YLISGAGA2Y&aQd ¢KS&S

tuition and extraurricular. They group in teams, have soft skills formal training (teamwork, leadership,
conflict resolution, time management and stress, etc) and then students, Bday immersive
environment and challengbased learning, solve rewlorld cases provided by companies. Each course
had a dedicated professor who coordinated all activities and was responsible for the quality of the
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process. By creating a transversaAdkf & LINRINI Y W2dziaARSQ GKS Sy3aiys
bolting-on approach to the development of transversal competest€ie

The students who enrolled were given 1,5 ECTS to credit in their academic paths. In the first two years
2T (KA & implekReaatidn i@ were around 58600 participations per ye&r.

UAuveiro is bridging all stakeholders to create a meaningful teaching and learning process and promote
societal impact. Challeng®ased learning takes place through the identificationalggis and design

of a solution to a socitechnical problem. The learning experience is typically multidisciplinary,
involves different stakeholder perspectives, and aims to find a collaboratively developed solution,
which is environmentally, socially aedonomically sustainable. The students' participation is free of
tuition, voluntary but not credited in the academic path.

EEngJUMinho is implementing projedbased learning in some of its engineering programs. All courses
contribute to the project and sidents learn the contents and work with an interdisciplinary mindset.
The student's participation is mandatory and credited.

4.3.2 Integrating in the curricula, courses on Transversal Skills

With the opportunity of the DL n.° 65/20#8that stated the endof the national 5Syear Integrated
Masters programs and creation ofy@ar F' cycle graduate programs andy2ar 29 cycle master
programs, FEUBPorto and other national HEIs in engineering (such as UBI, UAveiro and IST) have
created in all their ¥ cyde and 29 cycle programs, transferable skills courses.

This case is referred to in literatdfeas anintegrating approach to the development of transversal
competencies One of the advantages of this approach is that it encourages the development of
interrelated skills that complement and reinforce each other which allows learners to see the
interconnectedness and interdependence of skills, leading to a more comprehesigivset. It also
gives visibility to this set of competencies conferring them relevance in the engineering skill set.

4.4 What transversal skills are being developed?

FEUPs transferable skills progris@ NR dzLJSR Ay (2 n GeéeLlSay WwWaz2Fa ailAfi
FyR WSy NBLINB Y & dzNE KdordiPa with kha projedtiEEramedorke A ad Ay F O

Table 1¢ Transversal Skills taxonomy and correspondence to project E4AE

E4E project type | FEUP type Skills

Resilience soft skills Communication, Conflict Management and Negotiation, Lifelon
Employability, Leadership, Ethics, Philosophy

40 Chadha, D; Nicholls, G (2006) Teaching transferable skills to undergraduate engineering students: Recognising
the value of embedded and betin appraches. International Journal of Engineering Education Vol: 22 Ed: 1
Pag: 116122 ISSN: 094P49X

“lVasques, F. (2023 elatério do Programa de CTs da FEUP 2022/2023

42 DecretoLei n.° 65/2018, de 16 de agosto , Diario da Republica n.° 157/2018, IR#i2018)8-16, paginas

4147- 4182

43 Chadha, D; Nicholls, G (2006) Teaching transferable skills to undergraduate engineering students: Recognising
the value of embedded and bettn approaches. International Journalof Engineering Education VoE®@2L

Pag: 116122 ISSN: 094P49X.
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Green Skills sustainability Decarbonize the Building Sector to achieve Energy Sustainabil
Engineering for sustainability, Challenges of sustaim
development

Digital digitalizalization | Excel, Python, Optimization, MATLAB
Transformation
Skills

Entrepreneurship | entrepreneurshi | Opportunities for innovation, Strategic management of innovati
Skills p

{GdzRSyia Oly GKdzaz OK22aS F2N) SIOK aftz24x G4KS 0O2d
The aim of the transferable skills couréet® alignthe program's contentgvith the new competencies

(non-related to the scientific area of engineering) remua by the job market and allow each student

G2 RS@St21L) 6KS GNIXyafFsSNIrofS ajiAiaftfta GKSeQNB fSaa
functions in engineering.

UAveiro transversal skills prograior engineeringconsists of soft skills, programming, sustainable
development and technical drawing.

FEUBI transversal skills program fagngineering consists of soft skills (including ethics),
entrepreneurship, sustainability, social responsibility.

ISTULisboa has a imodel to develop transversal skills. Its infusing soft skills formal training
seminars into several courses of its engineering programs and also has courses on transversal skills
credited in the engineering programs.

FCTNOVA- has several courses on transversal skills focused on soft skills and ethics on the 1st year of
the engineering programs. In the 2nd year tin@nsversal competencies focus on sustainability and
digital transformation and on the 3rd year it focuses on research skills. On the masters level they focus
on entrepreneurship skills.

EEndJMinho- Kl & GKS Whllen2 ! aAyK2QyY | asSi 2F St SOGAOBS
can choose to enroll. The offer is categorized into areas (Arts, Design, Sciences, Law, Economics and
Management, Human Sciences, Psychology, Ethics and Firts Aid, Social Sciences, Sports, Global
Citizenship)

FEUChas several courses on Transtefs { { Affa&a AYy K SAN

J SY3IAYSSNRAY
/| 2YdzyAOF en2 S [ARSNIYce Q = WIOYLINBSYRSR2NAAY2X

3
XA Ly

When questioned regarding several types of competencies (GpfPortugiese engineerstill feel
(more than in other countries) the need to develop more technical skills specific to the field of
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engineering but also soft skills. However, Portuguese graduates feel that they already have
sustainability skills sufficiently developed.

]
=
%]
<
Respondents
Al
I PT
Q9a Q9b Q9c Qod Q9e
Dimension

Q9a: Entrepreneurship and leadership (management skills)

Q9b: Technical skills development in your specific field of engineering

Q9c: Soft skills development (language skills, writing skills and overall communication
skills)

Qad: Ethics in engineering

Q9e: Innovation and sustainability (SDGs)

Graph5 ¢ Rank the following CPD courses in order of priority

When we look at the answers regarding soft skills needed to work successfully in the engineering
profession (Grap), Portuguese graduates are aligned with the rest of Europe. The need is ligher f
collaboration skills/teamwork and critical thinking.

Answer

Respondents
1+ Al
N PT

Q8a Q8b Q8c Qad Q8e qaf
Dimension

Q8a: Communication skills
Q8b: Leadership skills

Q8c: Collaboration skills

Q8ad: Critical thinking skills
Q8e: Time management skills
Q8f: Adaptability skills

Graph 6¢ Soft skills needed to work successfully in the engineering profession
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4.5 What needs to be done in order to change this mismatch between academic programs in
engineering and employment eeds?

Graph7 clearly shows that most respondents believe that Academia needs to establish partnerships
with Industry in order tdetter understand the labor market needs and also to develop a framework
with groups of transversal skills that are priority to develop.

Answer

Respondents
Al
N PT

Qlla Qllb Qllc Qlid
Dimension

Ql1la: Provide financial incentives for training and development programs
Q11b: Establish partnerships between industry and educational institutions
Q1llc: Invest in research and development

Q11d: Implement regulations and standards

Graph 7¢ Policies and initiatives at regional and national levels that can effectively address digital, grdemceesind
entrepreneurship skills shortages/mismatches in the engineering profession

5. Opportunities

In Portugal, higher education is structured into two main components: university education and
polytechnic education, which are offered by boplublic and private institutions. Private higher
education institutions must obtain prior recognition from the Ministry responsible for Higher
Education.

University education encompasses universities, university institutes, and other institutions that
provide universitylevel instruction. Its primary focus is on promoting research and knowledge
creation, while also ensuring a strong foundation in scientific and cultural education. It aims to provide
technical training necessary for professional and cultaddivities, as well as foster the development

of design skills, innovation, and critical analysis.

Polytechnic education comprises polytechnic institutes and other institutions that offer polytechnic
level instruction. It emphasizes applied research andetigpment to address practical problems. The
main objectives of polytechnic education are to provide comprehensive cultural and technical training
at an advanced level, foster innovation and critical analysis, and impart both theoretical and practical
sciaentific knowledge applicable to professional activities.
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In former times, the university education would lead to an engineer professional, while the polytechnic
education would lead to a technical engineer professional. The recent legislation has made the
difference between university and polytechnic education not so obvious since both systems provide
the bachelor and master degree. The privilege of doctoral degree is still a prerrogative of the
universities, though recent legislation opened the possibibitysome polytechnic schools to award

the doctoral degree if having excelent research capacities.

Access to higher education in Portugal is regulated by a central admission process, where students are
assessed by the results of three national exams. pasramme as a limited number of places for
enrollment, callednumerus claususGraph 8 shows the number of available places in engineering
programmes of Portuguese higher education institutions, in the past 5 years. About two thirds of the
available plaes originate from the university subsystem. The number of available places grew from
2018 till 2020 and has stabilized in the last two years. The growth is explained by the strategy of the
Portuguese government of increasing the numerus clausus of thineswing areas where the
admission grade was higher than 17 (in*#0) which were seen as areas where the demand was
higher. Graph 9 shows the occupation rate of the higher education institutions, that is the ratio of
occupied to available places. Imgeal, the university subsystem is able to occupy almost all available
positions, with an average occupation rate above 90%. This demonstrates the high attractivity of the
engineering programmes in Portugal. Yet, the polytechnic subsystem strugglésatiotfié places,

with an occupation rate below 80%. In the present, the social recognition of the university degrees
surparses the one from polytechnic degrees, which is explained by the larger demand for university
places in the admission process. Therall occupation rate of the Portuguese HE system shows that
there is still available capacity to train more engineering professionals. It is thus fundamental to
promote the profession to high school students through direct contact with schools and ogstikia
0KS a{SYlIyl tNRPYRNMREY 2T9 9ty 35 WMIK'Gokglidrdd ah2 Bnivakdity df t £
Porto.
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Graph & Number of available places in engineering programmes of the Portuguese higher education Sgiera: Higher
Education General Dictorate*®

44 https://www.publico.pt/2019/09/08/sociedade/naticia/cursesubirantvagasesgotaramaumentaram
medias1885828

45 https://www.jpn.up.pt/2019/06/07/poder-aumentarvagase-umaboa-noticia-para-a-feup/

46 hitps://paginas.fe.up.pt/~escolas/

47 https://mostra.up.pt/

48 https://dges.qgov.pt/coloc/2018/  https://dges.gov.pt/coloc/2019/  https://dges.gov.pt/coloc/2020/
https://dges.gov.pt/coloc/2021/ https://dges.qgov.pt/coloc/2022/
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Graph 9 Occupation rate of the available places in engineering programmes. Source: Higher Education General Directorate

6. Challenges

By large, the biggest challenge to the higher education system, in general, and the engineering
profession in particular is the demographic wirtfewhich is expected to hit the universities and
polytechnics by the end of the 2030 decade. Portugal is the third country in the European Union with
the least number of births and places fourth in the nueniof residents aged 65 or mdfe The
diminishing number of students not only threatens the HEIs but endangers the economic competitive
capacity of Portuguese companies. To tackle this challenge FEUP joined a project lead by Business
Roundtable Portugalsociation (BRP Association) and the Portuguese Investment and Foreign Trade
Agency (AICEP) which will allow Portuguese companies to offer internships in Portugal to young
foreigners who complete their master's degree in Portéigal

A recent challenge to academia in general and engineering education in particular derives from the
emergence of artificial intelligence solutions which will automate many of the tasks currently done by
KdzYlyad ¢KS Y2ad ¥l Y2%dAenihdgHlage kiguageld®gels drenat (yeOK I G D t
able to substitute the work of an engineer, several solutions are being developed to automate some

of the more repetitive tasks currently performed by humans. At FEUP, artificial intelligence is being
developal for the automation of high level tasks such as structural désigmong other examples.

Artificial intelligence will not only have an impact on the profession, but also on the teaelaingng

process. Most of the discussion around chatGPT in theemsmdocus the ethical aspect of the use of

49 https://www.ffms.pt/pt -pt/infografia/infografiaportugatum-paisnum-invernodemografico
50

https://www.ine.pt/xportal/xmain?xpid=INE&xpgid=ine publicacoes&PUBLICACOESpub boui=13932532&PUB
LICACOESmodo=2

51 https://noticias.up.pt/feup-integra-projeto-piloto-do-inov-contactreverse/

52 https://openai.com/blog/chatgpt

53 https://repositorio-aberto.up.pt/handle/10216/144224
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such tools. Yet, the question might be better framed wether the HE and VET systems should adapt to
this new reality and embrace it in the training of future generatténs

54 https://hbsp.harvard.edu/inspiringminds/chatgptand-ai-text-generatorsshouldacademiaadaptor-

resist?cid=email%7Cmarketo%7C2@2309-inspiringmindsdigestnew%7C4729709%7Cinspiring

minds%7Ceducator%7Cinspirdminds

article%7Cfeb2023&acctID=none&mkt tok=ODU1LUFUWiOyOTQAAAGJI10QX11J8Ctx6BVXx0YPgd6cc6ZM6p5Rinl
XZN50EF0dChagK40-cRYzsQ4 4QBAJOOS7ILOrfBOX35Y _hUOTznk z6t036yIDMCZIEW
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2.1.2 Analysis by Ordem dos Engenhgi(OE)

1. INTRODUCTION

1.1 The Green Deal and the SDGs

The Green Deal is a package of iniciatibed aims to transform European Union (EU) in a just and
prosperous society, with a modern and competitive economy, establishing an ecologic transition with
the ultimate goal of achieving carbon neutrality by 2086r that, the Green Deal ensures:

1 Nonet greenhouse gas emissiobg 2050;
1 Economic growth independent of resource use;
1 No person and no place left behind.

For this objectives to be attained, the EU has pledged to reduce the net greenhouse gas (GHG)
emissions by at least 55 % by 2030, compB R (2 wmdopdpn  S@Sftad LGQa | faz
the green deal with the Sustainable Development Goals (SDGSs) of the United Nations (UN), included

in the 2030 agenda, since the green deal will proyidenselho da Uni@Europeia, n.d.jEuropean
Commission, n.d.JEuropean Commission, n.dfEuropean Comission, n.diENGINEERS EUROPE
(former FEANIR021)

Fresh air, clean water, healthy soil and biodiversity;

Renovated, energy efficient buildings;

Healthy and affordable food;

More public transport;

Cleaner energy and cuttiredge clean technological innovation;
Longer lasting products that can be repaired, recycled and reused;
Future proof jobs and skills training for the transition;

Globally competitive and resilient industry.

= =4 -8 -4 -8 _a_°a_2

The EU is committed to the refered SDGs and placed the Green Deal at the ceitgereobvery
efforts.

There are 17 SDGs, all intertwined, adopted by all the stegmbers of UN in 2015, in order to define
priorities and aspirations of global sustainable development to be achieved by(2B@6iness Council
for Sustainable DevelopmenPortugal), BCSD, n.dPepartment of Economic and Social Affairs, UN,
n.d.).

The main goal of the SDGs is to assemble global efforts around a set of targets and common goals,
mobilizing both developed and developing countri@usiness Council for Sustainable Development
Portugal), BCSD, n.dpepartment of Economic and Social Affairs, UN, .n.d.)

The point of the SDGs is to complete what the previous goals, the Millenium Development Goals
(MDG), did not complete, and stimulate action in the following areas:
1 People: it referdo ending poverty and hunger, promoting dignity and equality;
9 ttFySadyYy AdQAa cdnsudplmn ari geddiidtidnycbndbhtiSg climate change and
natural resources management;
1 Prosperity: it concerns personal realization, economic, technologicas@ridl progress;
1 Peace: to promote a peacefull, just and inclusive society, free from fear and violence;
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1 Partnership is related to transversal integration, interconnection and joint mobilization for
the most vulnerable(Department & Economic and Social Affairs, UN, n((Business Council
for Sustainable DevelopmenPortugal), BCSD, n.dlberdrola, n.d.)

The 17 SDGs are:
1. No poverty: end poverty in all its forms everywhere;
2. Zero hunger: end hunger, achieve food security and improved nutrition and promote
sustainable agriculture;
3. Good health and welbeing: ensure healthy lives and promote wedling for all at all ages;
4. Quality education: ensure inclusive and equitable quality education and promote lifelong
learning opportunities for all;

Gender equality: achieve gender equality and empower all women and girls;

6. Clean water and sanitation: ensure availability and sustainable management of water and
sanitation for all;

7. Affordable and clean energy: ensure access to affordable, reliable, sustainable and modern
energy for all;

8. Decent work and economic growth: prongosustained, inclusive and sustainable economic
growth, full and productive employment and decent work for all;

9. Industry, innovation and infrastructure: build resilient infrastructure, promote inclusive and
sustainable industrialization and foster innoiat:;

10. Reduced inequalities: reduce inequalities within and amongst countries;

11. Sustainable cities and communities: make cities and human settlements inclusive, safe,
resilient and sustainable;

12. Responsible consumption and production: ensure sustainablsuwoption and production
patterns;

13. Climate action: take urgent action to combat climate change and its impacts;

14. Life below water: conserve and sustainably use the oceans, seas and marine resources for
sustainable development;

15. Life on land: protect, reste and promote sustainable use of terrestrial ecosystems,
sustainably manage forests, combat desertification and halt and reverse land degradation and
halt biodiversity loss;

16. Peace, justice and strong institutions: promote peaceful and inclusive sodmtmsstainable
development, provide access to justice for all and build effective, accountable and inclusive
institutions at all levels;

17. Partnerships for the goals: strengthen the means of implementation and revitalize the Global
Partnership for Sustasible Development(Department of Economic and Social Affairs, UN,
n.d.)(Republica Portuguesa, 204B)stituto Nacional de Estatistica, |.P., 20@3&rdrola, n.d.)

o

Associated with these 17 SDGs are 170 targets and 248 global indicateostugal comparing the

recent year with 2015, we can see that most of the global indicators analyzed (101) had a positive
evolution, from which 20 have already reached the target; 28 global indicators have shown a negative
§P2tdziA2yT o 3At206lf AYRAOFG2NE RARYQU &K24 S$@2td
tAa0 FNBYQG LI NG 2F GKS Lot2NIie dBSa f MENZY [atA YOSy
ailroAf AT SR YSGK2R2ft 238 | yRk 2N (K §nButoiNagioaalide I @1 A £ |
Estatistica, I.P., 2023)
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Figure3: Availableindicators in our country to measure progress of SDG implementation.
In figure 2 a summary of the SB®plementation landscape is presentéthstituto Nacional de
Estatistica, I.P., 2023)
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Figure4: Progress in implementing SDGs in our country.
In Portugal w have already achieved some targets related toSSD@G, 6, 7, 10, 11, 13, 15, 16 and 17,
despitethe impact of theCOVIEL9 pandemic and the war in Ukraine.
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SDG X No Poverty

In regard to SDG 1, there has been some favorable progress since 2015, although the data available so
FIN) R2Say Qi Fdz £ @ NEODVIEDpandénicSTheOmveényiating decregdisll O 2 -
from 19,0% in 2015 to 16,4% in 2021 and in the area of social protactiors NJRignéard treyid in

the series for the proportion of the unemployed population (looking for a new job) receiving
unemployment benefits since 2017, in particutasubstantid increase that was ensured in the first

two years of the COVID9 pandemic. However, between 2015 and 2021, the ratio of "social security
old-age pensioners per 1 000 residents aged 65 and over" reduced by almost 10%, and the evolution
of the ratio of thenumber of social security disability pensioners to the working population was just
below 30%. The total proportion of public spending on education, health and social protection also
increased between 2015 and 2021. It should be noted that between 2012@f@lthere was a ore

off decrease, justified by the growth in total public expenditure (driven by support for businesses in
the confinement period) which implied the loss of relative weight of expenditure on essential services,
despite its increase, in sponse to the health crisis. In Official Development Assistance (ODA), there
was also an increase in total donations for poverty reduction, compared to ther@hbers On the

other hand, the number of deaths attributed to disasters rose significan@p#®, due to the COVID

19 pandemic(Instituto Nacional de Estatistica, I.P., 202Bepublica Portuguesa, 202@8)nited

Nations, n.d.)

SDG Z, Zero Hunger

t 2NIidzar £ Qa &aAdGdza GA2y NBIFNRAYI {5D H A& Yzadte
Y2YAG2NAY3I {5D u Ay GKS yI (A 2yl advategebistieimissof A 1 Qa 3
food insecurity(the proportion of the adult population sufferg from moderate or severe food

insecurity has decreased from 14.7%in 2015t0 11.6% in20@0 y G SNX & 2F 20SaArd e
the same resultsThe proportion of agricultural areander organic farming has increased slightly. The

ODAand other offcial flows to the agricultural sector have increased since 2015, peaking in 2017. On

a less positive note, thimdicator offood price anomalies deteriorated in 202om 0,36 in 2015 to

1,37 in 2020)(Instituto Nacional de Estatist, I.P., 2023fJRepublica Portuguesa, 202@)nited

Nations, n.d.)

SDG 3, Good Health and Welbeing

About Portugal's situation regarding SDG 3, this is mostly characterized by improvesineat2015.
Similar to SDG 1, the assessment of SDG 3 does not yet fully reflect the full impact of the pandemic
COVIBL9 due to the time lag in the availability of the respective indicators. Improvements were
verified in almost all healtihelated areas ranitored under the SDGs compared to 2015. The reduction

in mortality rates in several areas (infant and neonatal, circulatory system diseases, malignant tumors,
diabetes mellitus and chronic respiratory diseases, suicide and road accidents), as wtdeasge

fertility rates and incidence of reported cases of HIV and malaria, stand out favorably. pgsiiie

are the increases in vaccination coverage and in the number of doctors, nurses, dentists, and pharmacy
professionalsOn the other hand, therare increases in maternal mortality rates (although within the
target range) and in mortality attributed to unsafe water sources or sanitation, lack of hygiene, and
accidental poisoning. There is also a decrease in health ODA, despite a eyatitaimcrease in 2020

due to international aid during the COVID pandemiqInstituto Nacional de Estatistica, I.P., 2023)
(Republica Portuguesa, 202®)nited Nations, n.d.)

SDG 4, Quality Education
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The fourth SDG presents a favorable evolution in most indicators. Comparing with 2015, the conclusion
rate of middle school and high school education has increased, along with the enrolment rate at 5
years old, meaning that igal is close to achieve the target by registering 99,2 % in the school year
2020/2021. These indicators will not have been affected by the pandemic in 2020 and 2021, since they
continue to increase. However, the trends have been less favorable for golualaoutcomes and
competencies in some areas, which lack morgaydate data. Still, the proportion of students with
NBIFRAY3I LINPFTAOASYOeés> & YSI&adaNBR Ay GKS h9o/5Qa t
study, decreased between 2015 and 80%howing a withdrawal from the target prior to the health
crisis. On a more positive note, proficiency in mathematics, measured by the same study, increased.
In terms of gender parity, the trend was favorable in reading and math. Also, it was registered
favorable progress in digital skills, with Portugal slightly ahead of the EU27 in the dissemination of
digital skills amongst adults. This indicator also shows that there is parity between men and women,
with the discrepancies previously recorded havingeeduced. In 2018, the proportion of schools

with access to computers for pedagogical purposes, basic drinking water, electricity, Internet, single
sex basic sanitation and with basic handwashing facilities was (@6ftuto Nacbnal de Estatistica,

I.P., 2023]Republica Portuguesa, 2048)nited Nations, n.d.)

SDG &, Gender Equality

In regard to SDG 5, there haeen mostly favorable developments in the monitored areas. In spite
0KSaS AYLINR@GSYSyiGaz 3ASYRSNI Sljdzt Ade& NBYFAya TN
highlight that it exists legal frameworks that promote, enforce and monitor gender equagityell as

the relative parity in the use of Information and Communication Technologies (ICT). However,
considering the respective relevance, the good national performance at legal level and in use of ICT

may show that progress in gender equality woulchéft from a more comprehensive assessment.
CKSNBEF2NB: A0Qa &4dz33SaidiSR GKIFIG GKS NBFRAy3a 27
AYVF2NXYIGA2Y AyOf dzRSR Ay GKS Fylfteara 2F 20KSNI Ay
full participatim and equal opportunities at civil and economic level (e.g., political office and
leadership positions, respectively) that the greatest disparities are registered. There has been some
progress registered in these dimensions: the increase of women in Iglsigepositions when

compared to 2015, and in particular, the proportion of women in public administration. This
proportion has been over 50% since 2015, even though disparities persist in different levels of
responsibility (fewer women in senior managem@asitions compared with management positions)

(Instituto Nacional de Estatistica, |.P., 203 publica Portuguesa, 2038)nited Nations, n.d.)

SDG & Clean Water ad Sanitation

Related to SDG 6 there has been generally favorable progress. Several areas approached or reached

the target, with particular focus on the level of excellence in the quality of water for human
consumption, with 99 % of safe water. Similarlydeable, it was registered a decrease in the
percentage of people without adequate sanitary facilities in their homes, as well as the increase in
LINEPLR2NIGAZ2Y 2F K2dzZaSK2f Ra &aSNIBSR o6& o G§SNJ &dzLJLX &
international @operation, 100% of transboundary river and lake basins are covered by an operational
cooperation agreement, as well as ODA in the areas of water and sanitation, which increased in 2021
compared to 201%Instituto Nacional de Estatisa, I.P., 2023)Republica Portuguesa, 2028)nited

Nations, n.d.)

SDG & Affordable and Clean Energy

The evaluation of SDG 7 indicators is mostly positive. We draw special attentios ¢oals already
achieved or practically achieved in terms of energy matters such as: 100 % of the population has access
Funded by the European Union. Views and opinions expressed are however those of the author(s) only
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to electricity and over 95% with primary access to clean fuels and technologies. Equally favourable is

the evolution of renewable eneygin final energy consumption which by 2021 was higher than the
204ASNIISR AY HAamMp® hdzNJ O2dzyGNE Aa faz2 Y2NB SySN
energy intensity of the economy compared to 2015 (ratio between total primary ergengsgumption

and GossDomesticProduct- GDR. On a less positive note, the financial flow to developing countries

to support research and development of clean and renewable energy production has decreased,
compared to 201%Instituto Nacional de Estatistica, I.P., 20@3gpublica Portuguesa, 20238)nited

Nations, n.d.)

SDG & Decent Work and Economic Growth

About Portugal's situation regarding SB(this is mostly characterized by improvemeisthe

economic ad employment situation compared to 2015, which were interrupted in 2020, but resumed

since 2021. Some illustrative indicators are: the annual rate of change in GPD per capita (6,9% in 2022),
the unemployment rate (6,0% in 2022) and the rate of young peonpteemployed and who are not

Ay SRdzOI GA2y 2NJ GNIXAYAYy3d odIn 22 AYy HAHHLOD® LGQA
protect employment during confinement, such as simplified layoff, helped to mitigate the negative
impact of the pandemicod KS fF02NJ YFNJ SG> Fa Ad0Qa NBFfSOGSR
indicators. Tourism was particularly affected by the pandemic context, but has since begin its recovery
process in 2021, with a 27,3 % increase in its Gross Value Added l{Gd#jrast, the numbers of

non-fatal and fatal accidents at work have increased in the period in question in comparison with
numbers of the EU27 (in spite of the favourable progress since 2015). Likewise, in the accessibility of
financial services, there was aduction in the number of other monetary intermediation
establishments, which mainly reflects an increase in the relative importance of home banking
payments, in detriment of physical access to these services. In international cooperation, there was
also adecrease in ODA and Other Public Flows (OPF) for trade support between 2015 and 2021 (83,7%)
(Instituto Nacional de Estatistica, |.P., 202 publica Portuguesa, 2038)nited Nations, n.d.)

SDG ¢; Industry, Innovation and Infrastructure

In regard of SDG 9, most of its indicators show a positive evolution compared to 2015. The increase in
the proportion of the GVA of high and medium teclogy industries in the GVA of the manufacturing
industry and of expenditure on research and development in GDP, which is still far from the 3% set in
the national target for 2030 is a good progress for this SDG. Likewise, in the area of Research &
Developnent (R&D) and Innovation, the steady increase in the proportion of researchers per 1 000
inhabitants is positive. The intensity of atmospheric emissions of the economy (measured: by CO
emissions in relation to GVA) also improved, compared to 2015, akadidumber of micro and small
debtor companies, that decreased in relation to the total number of companies. Finally, the goal
achieved in the proportion of population covered by mobile network, which achieved 99,9 % in 2021,
should be noted. On a less g note, other dimensions, like the area of transport and passengers
and cargo (by various modes of transport), after a favourable progress until 2019, changed in 2020 in
the sequence of the pandemic situation, moving away from the desired targetn$tanice, the
decrease to less than a third in air transport between 2019 and 2020). In manufacturing, the decline
Ay SYLX 28YSyid YR AY LINRPLRNIA2Y 2F @FfdzS | RRSR 7?2
in 2022, manufacturing maintained its\portance in our economyinstituto Nacional de Estatistica,

I.P., 2023)Republica Portuguesa, 2048)nited Nations, n.d.)

SDG 1@ Reduced Inequalities

¢tKS RS@St2LIVSyid NBfFGSR (2 {5D mn akKz2g¢g I LRaAUGACL
growth in median income since 2015, either for general population and for the 40% of population with

Funded by the European Union. Views and opinions expressed are however those of the author(s) only

and do not necessarily reflect those of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

119



*

% R Co-funded by
ENGINEERS4EUROPE **** the European Union

fewer resources, in spite of the drop registered2®20 for the latter group. The share of people in
households with an income below 50% of median income decreased between 2015 and 2021, once
again, despite the increase registered in the first year of the CQ¥Ifandemic. The share of GDP
also showed faaurable progress, increasing in 2020 compared to 2015. The evolution of financial
soundness was also positive, specifically with a decrease Hp@dorming loans. In the international
RAYSyaAazys 2dzNJ O2dzy G NB Q& | &aasadeytfaf facilitaty By S R NB
safe, regular and responsible migration and mobility of people. ODA, OPF and private support also
increased between 2015 and 2021. On the other hand, the evolution of foreign investment is
unfavourable, going from a positive laace between 2015 and 2019 to a negative balance in 2020,
which became worse in 2021. In 2021, economic inequality was reduced, but the redistributive impact
of taxes on income and wealth and social contributions maintained the unfavourable (irestduto
Nacional de Estatistica, I.P., 208Rgpublica Portuguesa, 2038)nited Nations, n.d.)

SDG 1t Sustainable Cities and Communities

LYRAOFG2NEB | @FAtlotS G2 {5D wmwm-18paideniic. NoBeyheldss, NS Ff S
its evolution since 2015 was positive. The rate of expenses in housing, the evolution of artificial
territories per capita the public expense icultural patrimony and the air quality (in regard of medium
content of particles Phs and PMg) were favorable.On the other hand, the pandemic situation
increased the number of deaths attributed to catastrophes, registering a significant rise in 2020 and
2021 (from 59 people in 2015 to 12 056 people in 2021). The urban waste collected had an unfavorable
evolution in 2020, comparing to 2015. Private expenditure on heritage (e.g., libraries, archives,
museums, and other cultural services) interrupted itsvgth in 2020, going on to display a pronounced
decreasg(Instituto Nacional de Estatistica, |.P., 20@3@publica Portuguesa, 2028)nited Nations,

n.d.).

SDG 12, Resmnsible Consumption and Production

¢tKS GNBYyRa NBfFGSR G2 {5D wmH -Ppandeinic. Sikc# 205dére 1 KS T
has been an overall positive evolution, but this SDG has a relatively low availability of indicators, some

of which with inconclusive tendencies. The progress made in domestic material consumption per unit

of GDP, as well as in the material footprint is noteworthy and favorable, since it decreased in 2021
GKSY O2YLI NBR (2 Hamp® ¢ KSNS aof minigigal wasteplegd2dNI 6 f S
for reuse and recycling (which remains above the values of 2015, in spite of its decrease in 2020
compared to 2019). On a less positive note, there has been an increase in internal consumption of
materials and internal consoption of materialsper capitabetween 2015 and 2021. The area of
hazardous waste also shows an increase, for instance in sectoral hazardougperastpitaor the

general trend in various sectors of activity, in which there were increases of varying intensity in the
generation of this waste, in 20Z1Instituto Nacional de Estatistica, I.P., 20@3@publica Pduguesa,

2023)

SDG 1% Climate Action

The general evaluation of progress related to SDG 13 is mostly positive. Although according with
provisory estimates for 2020, our country has reduced their GHG emissions by 1,5% since 1990 and
329%since20p X GKSNBQa I ySSR F2NJ FdzNIKSNJ LINRPINB&aa 2
to 2005 data) by 2030. In 2020, the decrease in GHG emissions was accentuated due to the9COVID
pandemic that began in that year and that determined a decrease in@uo@ activity and circulation

Ay GKS @I NA2dzaz Y2RSa 2F GNIyaLRNIo ¢KAA aasSaays
account developments after 2020. The pandemic situation conditioned the number of deaths
attributed to catastrophes, whictose significantly in 2020. The score attributed to Portugal regarding
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the adoption and implementation of the national strategy for Disaster Risk Reduction (DRR) in line with
the Sendai Framework has increased since Z0i3ituto Nacional de Estatistica, I.P., 20@3gpublica
Portuguesa, 2023)

SDG 14 Life Below Water

The available data for SDS 14 is still limited in scope, which limits the overall assefantegal has

a maximum rating regding the degree of implementation of international instruments aimed at
combating illegal, unreported and unregulated fishing. Correspondingly, the indicator for the degree
of implementation of a legal/regulatory/policy/institutional framework that recizgs and protects

the right of access of smaltale fishing registered an increase. Regarding fisheries management, in
2022, for the third consecutive year, all stocks subject to assessments were considered sustainable. In
the Autonomous Regions of Madajrin 2022, in the stocks subject to national analytical assessment,
persisted the unsustainable exploitation of horse mackerel. On the other hand, the black scabbardfish
is being exploited in a sustainable exploitation. On a less positive note, it sheuidted that the
proportion of R&D investment in marine technology as a proportion of total investment in intellectual
property has decrease(nstituto Nacional de Estatistica, I.P., 20@3publica Portuguesa, 2023)

SDG 1% Life on Land

The available data for SDG 15 is of limited actuality, which limits the overall assessment. However, the
information for the indicators that can be used to assess progress since 2015 is mostplavour
country is amongst the countries that have adopted legislative, administrative and policy frameworks
to ensure the fair and equitable sharing of benefits, having relevant national legislation and allocating
adequate resources for the preventiar control of exotic invasive species. Portugal has a National
Biodiversity Strategy and Action Plan (NBSAP) and has set national targets in accordance with the Aichi
Biodiversity Target 2 of the Strategic Plan for Biodiversity Z0PD. Biodiversity vaks are integrated

into the national accounts systems, defined with the implementation of the System of Environmental
Economic Accounts (SCEM)e ODA allocated to biodiversity recorded a favorable tr@nstituto
Nacional de Estatfica, I.P., 2023Republica Portuguesa, 2023)

SDG 1€ Peace, Justice and Strong Institutions

Most SDG 16 indicators have showed favourable trends when compared to 2015. Deaths caused by
homicide havedecreased, as well as the corruption perception index, which decreased slightly. The
number of women leaders in the Public Administration sector and women elected to the National
Assembly increased, compared to 2015, but there was a decrease of 4,5 %ebéhee2022 and 2019
elections. There was also an increase in the number of firearms seized, surrendered/recovered by the
police, more than doubling between 2015 and 2021. Against the desirable evolution, there is an
increase in the proportion of prevengyprisoners (significantly in 2020). Likewise, between 2015 and
HAHMZ (GKS ydzYoSNI 2F KdzYly GNIFFFAOIAY3I ONRYSA AyO
context of a pandemic, this number fell by almost half, compared to the previous yedireét
consequence is that the proportion of people who feel safe walking around alone after dark has
decreasedInstituto Nacional de Estatistica, I.P., 20 publica Portuguesa, 2023)

SDG 1% Partnerships for the Goals

The developments regarding SDG 17 are mostly positive. The tax burden and the percentage of the
State Budget financed by taxes have registered favorable trends (in the cmftéatget 17.1-
strengthen domestic resource mobilizatietthe upward trend is favorable as it aims to improve the
national capacity to collect taxes and other sources of revenue). Digitalizatiaed indicators also
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show a favorable trend, with an increase in blband Internet access at a fixed location and in the
percentage of adults using the Internet.

The total ODA and the proportion of ODA to Gross National Income (GNI) increased. ODA for statistical
capacity building in developing countries decreased skigktinditioned by the suspension otsiie
activities during the COVAD® pandemic. With a less positive evolution, it should be noted that the
Foreign Direct Investment (FDI) and the weight of remittances from emigrants and immigrants in GDP
decreasedInstituto Nacional de Estatistica, I.P., 20@@publica Portuguesa, 2038)nited Nations,

n.d.).

Quantitative indicators on the evolving nature of the engineering pref@on
Ly 2dzNJ O2dzy iNBEX LINBaSyidftesxs ¢S KFI@S | G241t 2F cw
(OE), distributed by 12 specialties as shown in tal§fertlem dos Engenheiros, 2023)

Tablel: Engineers registered i@Eby specialty.

Specialty Total
Agronomic Engineering 2610
Environmental Engineering 2192
Civil Engineering 29231
Electrotechnical Engineering 11439
Forest Engineering 637
GeographicaEngineering 477

Geological and Mining Engineering 1184

Computer Engineering 1030
Materials Engineering 463
Mechanical Engineering 9067
Marine Engineering 142

Chemical and Biological Engineering | 2950

Total 61422

Facing the evolution of the specificity in engineering programs, OE created 5 more specialties:
biomedical engineering, food engineering, industrial management and engineering, aeronautic and
spacial engineering and quality and security engineering, hdpiagiract more engineers, especially
more young engineers.

2. Qualitative descriptors of the evolving nature of the engineering profession
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For the primary research, we conducted a series of interviews (template used for the interviews in
Annex 1 and aasume table in Annex 2), two round table discussions, one of which with a dean and
one president of an engineering school, and a dirtkebate (there are some photographs of all the
events in Annex 3 and a resume of information gathered at these eveAtsiex 4). For the secondary
research we proceeded, as requested, with desk research (resume table in Annex 5).

2.1 Evolution of the engineering profession

Accordingto the research,the engineering profession is increasingly becoming more and more
dynamic, expedited by the manufacturing sector, as well as government and services enterprises,
accompanying the evolution of the economy and society. The future of the engineering professio
dependent not only, on the ability of the engineers to meet the economic and industrial demands, but
also depends on the ability to innovate, diversify and drive the economic and industrial operational
trends. The future of the engineering professis®ver more aligned with environmental sustainability

and the green transition, demographic changes, advances in technology and the globalization of value
chains.

Engineers will be fundamental to attain the SDGs goals, so that a just, sustainablenteéiui
competitive transition can be achieved. Engineers will be responsible for design, develop and
implement several solutions in several areas, such as energy, water, air, agriculture, mobility,
infrastructure, transportation, construction, technologpnd Al.

There are all the time more and more new engineering disciplines, leading to new engineering roles,
SIOK GAYS Y2NB aLISOAFAO:I GKIFG RARyQl SEAaG 0S¥
engineering and where engineers warless site ananore office. So, as more engineers join the field

and the industry evolves, so does the job opportunities, the needs of employers and the challenges
faced by engineers. Nowadays, to stay competitive in the job market, both aspiring engineers and
engineersvho want to advance in their careers need to build a strong and diverse set of skills, so they
can be set apart in a highly competitive job market.

3. Opportunities

As opportunities for the engineering profession, the research done show that, sina dhersome
challenges, there are also several opportunities.

Since engineers have abilities fundamental to decision making processes and to induce political
RSOAaA2Yyas (GKSNBQa |y 2LILRNIdzyAdGe FT2N S¢riadiy SSNA
perspective to be more accounted for by political decisioaking bodies, promoting a better
coordination.

Ly GKS YSIYyGAYST O gémik CRICbnyinuctid RrddebklonayDeve®pmeéns

through microcredentials, couching and otherrdm of acquiring soft skills in order to complement

hard skills, already developed. For that, industry itself can help by training and upskilling their own
engineers, which in turn gives them more confidence to perform their duties and decreasing the
proballity of those same engineers leaving that company (for not being able to progress in their
careers).

For engineers that are still not formed, HEIs have an opportunity to reform the engineering programs

in order to achieve a better balance between sofddmard skills, between theoretic and practical
knowledge, as well as to respond more promptly to the industry needs. For this goal to be achieved its
4dz33SaGSR 2 LINRY23GS | Oft2aSNJ O22LISNY GA2Y 0SG5S
more stulents to be more involved in their areas of engineering, cooperating with companies of their

field of engineering, which, in that process, might recruit an engineer. This student is, by then,

SYOSRRSR Ay G(GKS O02YLI yeQa Liasardpdrspecivesdrbughi byghe O2 Y LIt
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@2dzy3 GNIAYAYy3d SyaiaySSNE S@Sy (K2dAK KS SyRa dzLJ
win situation.

Another opportunity for the engineering profession is to recruit more engineering students by
promotingl KS Sy 3AYySSNAY3I LINBPFSaaazy 4G Fy SFENIASNI I :
should begin to be exposed to the engineering profession at a tender age, since the role of an engineer

in everyday life is not as visible as, for example, thatddcior.

To promote an increase in the numbers of female engineers, it is suggested thatadils are very
AYLERNIFYyG® LGQAa Ffaz2z AYLISNIGAGS G2 RAaazt @S GKS
to improve workplace policies and practicestih a0 NBy 3G KSy 62YSyQa OF NBSNA
to give them more support to develop their careers.

4. Needs

According tathe researchmade it was possible to identify several needs related to the engineering
profession. One of the main needs identified was to have a stromgielge of sharing and
communication between higher education and industry, so that higher education can better tespon

to the evolution of industry and its need©ne of the most pointed out flaws was the need to
incorporate and balance hard and soft skills in the programs of higher education, such as research and
critical thinking, computer sciences, artificial intedlige (Al), internet of things (IoT), sustainability,
circular economy, renewable energies, risks and project management, data analysis and synthesis,
design thinking, communication, leadership, entrepreneurship, teamwork, social responsibility,
problemsoling, planning and organization, innovation/creativity, emotional intelligence, passion
transmission, stress management, adaptability, humanistic and social values, since they complement
each other, in order to achieve a more watljusted engineer.

Eachengineer should be able to choose, according to his needs, the soft skills, microcredentials, post
graduations, coaching programs and masters that are most appropriate to develop in his work field.
SincethereisaseveieK 2 NIi I 3S 2 T S g0 hefd@ dehick engired Ndr€xEill, thrdugh

the programs referred above, so that they can respond to the future needs of industry.

5. Challenges

With Aldevelopment, here will be some negative impact in terms of decrease in tasks of engineering
competenciesln face of the increasi virtual professional practic@digital nomads), there is a risk

that humans will unlearn to interact physically and emotionally with their peers and with society in
generatpb L (i Qadriskl thafl frofessionals willome to believe in the truths provided by
channels/platformssuch as chaGTPand others to comgand be diven by algorithms that may be
misleadingwhich in turn leads to them tetop reasoning for themselves.

Considering these potential risks,addition to the need of formation in soft skills, one bitmost

common challenges faced by engineers toidayp expand their spectrum of competencies beyond the

field of engineering towards a more holistic view and approach, complementing what thexdear

their engineering courses. Another angle is to adapt the engineering programs to the new demands of
industry, in order for the engineers of the future to leave HEIs better equipped to face the job market.

This means that in one case or the otherith needs to be a perfect balance between soft skills and

hard skills, theory and practice of engineering in the field. Some references suggest that for that goal

to be achievedmaybe couldmplemented6-years engineering programs, of which it would résud-

@SN 0F OKSf 2 NS I RIS YNKiS SINfdra RISANB ST IAGAYy 3T |1 9La
SYIAYSSNAY3I LINRPINIYa:X aAyO0OS G(GKSe O2yaAiARSNI GKFG |
competencies to a complete professional engineereyltalso suggest that there should be a
correspondence between a given number of theorical hours and practice hours in a
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professional/entrepreneurial environment, which justifies the increment of engineering programs in 1
year at the 3year postBologna derge.

An additional challenge faced by the engineering profession is the low number of students of
engineering. To tackle this challenge, its suggested that children should be exposed to professional
engineers and their role in society from an early age,ifistance by coloring engineering themed

books, visiting schools and companies. The key concept is that young people who know more about
what engineers do are more likely to considerer a career in engineering.

¢ KSNB Qa I ehgingerslin the de€isiomakifig process at the political leyetostly in feminine

gender. Engineers possess a great ability to design, analyze, manage and gauge different options and
put them into perspective, which makes them peafly equipped to have an active role in inducing
political decisions and participate public political discussions.

Also, a greater representation of women in engineering and in deeisi@king positions would bring

benefits in terms of innovation, bahce, common sense, peace, safety and accessibility of new
AYy@SyitArzyad C2NJ GKA& (2 0S02YS I Nibelskvereta AGQa
attract more young girls to a care@r engineering. Less than two in ten engineering studengs ar
women, and women make up for only 15% of the univergitglified engineering forceTo make

matters worse, there is a difference of up to 24% between payments made to men and women
engineers in comparison with 13% across all industries, a situatioa tofvected in the future.

¢t2 Oft2aS (GKAa aSOGA2yr (GKSNBQa Ffaz2 NBLR2NI 27F |
for engineers to change to management positions and better paying industries.

6. Conclusions and recommendations

The engineering profession is going through a phase of rapid evolution, with the development of the

virtual world and Al, which causes the disappearance of old concepts and the appearance of new ones
related to the engineering profession.

Consideringths A GQa SaaSydAialrt (2 FRFELIWG GKS GSIFOKAy3 LN
the job market.

LOQAa AYONBlFaAy3dte Y2NB ySOSaal Ne 02 FAYR o f
entrepreneurship, communication, teamwork, problesolving, resarch and criticathinking,

planning and organization, innovation/creativity, computer sciences are considered the most
important soft skills for an engineer.

Microcredentials and posgraduations are crucial for engineers to quickly get up to speeti®tatest

trends and developments, so they can accompany the evolution of their areas of expertise.

It was also possible to identify the opportunity to recruit more students for engineering programs by
exposing them to the concept of the engineering pssi®n and its contribution to everyday life from

Fy SENXfe adadr3Seo LOQA Fa ¢Sttt OSNEB AYLRNIFIYyG G2 A
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Annexes

Annex 1: Template used for Interviews

Introduction

The Ordem dos Engenheird3E, is one of the 13 partners of the European Project Engineers
4 Europe (E4E), promoted BBNGINEERS EURQOPE, (former FEANI), whose goal is the
implementation of a Council of Competences, which will create a channel for sharing and
communication betwen Higher Education, Industry, Training and Professional Associations,
so that the enhancement and competitiveness of the profession can be strengthened.

This council will identify trends, challenges and opportunities for the evolution of the
engineeringprofession over the next 5 to 10 years, in accordance with global technological
developments and the achievement of the 17 SDGs (Sustainable Development-Goals
established by the UN) such as sustainability based on digital, green, resilience and
entrepreneurship, among others, so that engineers have the necessary skills to continue
providing their contribution to society.

Currently, the engineering profession faces many challenges, both in terms of strengthening
skills, in order to eliminate existing gayin transversal training, and in structural changes,
which may improve the link between Higher Education and Industry, responding better to
their needs.

There have been several international studies and surveys, including in the European Union,
EU, thatshow that there is a shortage of the "socially motivated engineers" needed to
implement the 170DS as well as to achieve the EU's 2030 and 2050 targets.

In view of the above, we would like to ask you to express your opinion, anonymously, on the
possible sils needed for the engineers of the future, considering the expected changes in
engineering for the next 5 to 10 years.

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
and do not necessarily reflect those of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

130



%

g

ENGINEERS

1EUROPE

Bl Co-funded by
M the European Union

* %ot

Personal Information

%30 arless ¥ 31-40 %, 41-50 %, 51-60 % 61 ar more

Age

Gender ¥, feminine % masculire % Other
Photograph 2 Kl GQ&a @2 dMNJ
(Optional)

Indicate in which

area/sector you work in:

Indicate the country you

work in:
Years of  professiona 3, 5 or less % 6-10 ¥% 11-20 % 21 a more
experience:

Key Questions

1. How will the profession o
engineer evolve over the nex
5and10year®

2. In face of the ¥pectation of
evolution of engineering,
indicate how the Higher
Education will contribute to
the competencies of the
future engineer.

od 2KIGQa a
engineers in implementing
the Sustainable Developmer
Goals (SDGs)?

4. Whats the difference anc
contribute of hard and soft
skills in he success of the
profession of engineér

po® 2KFGQa k!
term training
(microcredentials) in training
future engineers?

Which ones do you suggest?

Suggestions:
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Enterview

Question 1

Question 2

Question 3

Question 4

Question 5

"(...) it will be at the leve
of IT technologies, but als
in the Agricultural area (...
Example: Developments i
the Genetic/ Varietal area
more adapted to the
climate or vertical
agrocultures  with  all
production factors
O2yiNRffSRDS

Gl AIKSNJI

provides the basis for thg
engineer to easily adapt t
any position within an
2NBEFYATFGA2)Y

"(...) it is fundamental for
the application of
sustainable practices
whether at the agricultura
level or even in an office.’

"Hard skills are the
foundation of te boat
without them any boat will
sink.  Soft  skills  arg
competences that can b
acquired through training.”

"Any training is
fundamental for
development. However
practical work develops a
skills. Orthe-job trainings
will be important
regardless of theraining
area."

"(...) In summary, history
shows that engineering
will continue to play an
essential role in
responding to the
problems facing society
which requires al
permanent updating of
content in course plans
and complementary
training in lifelory learning
formats."

"(...) it should be
complemented by areas @
specialization and which
in turn, should be
permanently updated with
postgraduate and/or
micro-credential formats
(...) it also requireg
engineering training to be
more flexible, to provide
the course plan with
subjects that confel
multidisciplinary skills an
to think about teaching
formats in a real context
namely in a company
context (...)"

"(...) Engineering assume
a relevant role in the
decarbonization of
industry and other
economic ativities, in the
use of renewable
energies, in the|
management of watef
resources, in the circuld
economy, in food
production, as well as i
other areas involved in

carbon neutrality strategy
(...) must take into accoun
the transversal SDG
namely tke fight against
hunger and poverty
gender equality, among

others (...)"

"(...) Engineering shoul
continue to maintain a solig
and consistent componen
of hard skills, which shoul
be complemented with soff
skills, which should bg
provided for in new forrmats
of multidisciplinary study
plans and of a flexiblg
nature, sometimes in &
scenario of optional
subjects. (...) namely in th
field of interpersonal
communication, conflict
resolution, working in
groups and under pressurg
leadership skills, amon
others."

"(...) this strategy will
assume greater relevancg
given that qualification
deficits still persist in thg
active population (...) the
new challenges are t¢
respond to the digitization
of economic activity, as
well as to guarantee the
desired carbon neutrality,
constituting priority
themes (...)"
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"The engineering
profession is alway
dynamic and based on th
Principle of Continuous
Improvement (...) it will
continue to evolve as it ha
done so far, but at a faste
pace."

"(...) Engineering
education requires that ¢
wide range of physical
mathematical knowledge
be obtained, trained anc

perfected (and
sedimented), the
acquisition  of  which

requires time.(...)"

the European Union

"There is no Developmen{
neither sustainable nor o
any other kind without
Engineersand Engineering
(.) we see that
engineering is presen
from turning on a switch
taking a shower, sleepin
in a bed, riding in a ca
turning on a cell phone
eating a loaf of bread....
Engineers are
fundamental.”

"Engineers are good at har
skills (...) they need to wor
on soft skills and these ar
fundamental to be well in
the company, in society an
in teamwork (...)"

"Very important. It
depends on each area q
knowledge. In horizonta
terms, IT is fundaments
and interpersonal issue
are something you have t
work on and improve
throughout your life."

"(...) Shortterm trainings,
also known as micro

The . enhgineering "(...) higher education ir| credentials, play a relevar
profession will be . L : . )
. engineering is essential fq ,, . " . .| role in the education of the
influenced by a number o . . Engineers play a keyle | "Hard skills and soft skill .
. .| the skills of the engineer g . ; ) engineer of the future,
factors, including : in the implementation of| play complementary ang . "
. the future. It provides a . . . | complementing traditional
technological advances : the 17 Sustainablg equally important roles in . .
. . solid knowledge base academic education. (..
social and environmenta o .| Development Goalg the success of thg .
: allows specialization i " : . . suggestions for shotterm
changes, industry o (SDGs) (...) engineering profession (...) -
. specific areas, develop trainings, they depend or
demands and societal| . L - . , o
" critical thinking skills. the engineer's specifi
needs (...) -
areas of interest and need
(..)
"University education *(.) This training allow
"(...) the evolution of thel plays a key role ir “(...) hardskills (...) arg g al
. . . . . " . . . engineers  to  quickly
engineering profession developing the skills of aj "Engineers have essential for an engineer t
. . - S . . update themselves on thg¢
may vary according to th{ engineer, providing significant impact on perform the technical tasks
. . . L . . latest trends and
specialty and the theoretical, tecmical and| achieving the SDG targe| effectively (...) softskills (..,
. Lo . " . developments so that they
technological evolution in practical knowledge tq (...) are important for an

the different areas (...)"

meet future challenges

.)"

engineer (...)"

are upto-date in the areag
of specialization (...)"

"(...) it will evolve in a very

positive way, but this

"(...) a higher and

permanently updated

"(...) the contribution of

Engineering to the

"“(...) we need people whg

have activities and

GThe continuous training
of the Engineer is decisiv
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means that the Engineeg
must have a holistic an
interdisciplinary approach
cooperating with other
areas of Engineering wit
increasingly internationa
links (...)"

in the
competences of the
Engireer is necessary
Leaving the "classroom'
having training in
companies, Vvisits, critice
spirit, is very important in
the training of Engineers.'

training

the European Union

creation of a better, fairer
and more sustainablg
world in its different
pillars: economic, socig
and environmental ang
perhaps add anothe
which is governance (...)"

"sensibilities" beyond
Engineering (...) | valu
group spirit, volunteering
concern for others, freedon
to think and have critica
spirit, willingness to learr
and question."

in view of the speed ahe

challenges and thei
volatility, taking into
account innovation,
technology, developmen
and research /
experimentation (--r)

would address the CA
and the Farm to For
Strategy, for example (...)

"(...) it will undoubtedly
evolve, with the new
models of the evolution of
artificial intelligence and
based on current trends. |
will depend on each

"Higher education will
have to adapt to the
development of these new

"In my opinion, engineer;
play a key role in this
implementation, since the

"(...) both hard and soff
skills play an important rolg

"(...) they are fundamenta
since they are additiona
opportunities to all initial
training, and a constan
updating of all
professionals.

professional, the| skills and increasingl : : . . As a suggestion:

; _— . . routine of engineers is tq in the success of thgq ;
commitment and direction| teaching has to be linke: ! - . - New technologies

S . define these objectiveg profession and ever . . .
they will give it (...) Ther¢ to the world of businesg . - Emotional intelligence

A and enforce them, setting complement each othe .

will have to be an and work (...)There are ) " - Leadership

! targets to be achieveq (...) U .
adaptation to new| even teachers who ar¢ )" - Sustainability and socig
technologies (...) evolvq business prfessionals." responsibility
towards a more intgrated - Risk management
approach and work in g - Other training more
multidisciplinary way." dedicated to each area.”

. ) "(...) ensuring the prope
"It  will evolve b ngh_er educat_lon shovs implementation of the "Fundamental (
accumulation of othgr e _essentlal for 14 same something  that *(...) |~ believe that Suggestions: cyber ro.'é
okills 1o the fundamenta acquisition Of| stems fromthe specialized complementing hard  skill ma%?i oment y '{)alelnt
owledae  that  an foundational  knowledge (echnical knowledge they with soft skills is mandator management'
Vieag : ) although it should be poig () contributing to| for the success of a gement,

Engineer  acquires it complemented (...) with sustainability, artificial ang

Universities (...)"

other skills (...)"

the critical analysis of the
same proposing update

whenever necessary."

engineer's actiity (...)"

cognitive intelligence."
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doX0 | -equiphes!
engineer will seek to sta

ao6Xo l9La Y
react more promptly to
close the gap between thi

the European Union

G! YR2dz0 0 SRfT ¢
have always had a majq
part and will continue to

a 6 X th playzan important
role but depending on the

G o X0 -arcke@itit®ns
will ensure that engineers
stay relevant and up tq

date with the best
practices, methodologies
and technologica

advances throughout thei

9 .| career stage and dutieson O NESNA 06 X0
relevant and upo-date, | needs off be a key player in . .
P c A . Lo may be more important engineers already have
SPSyYy 2y 0KS | employers/society and thg delivering a more| . 5 A .4 ; T
% 2 . v UKFY 0KS 20 K| majorrole delivering these
{5Dad¢ sustainable futureo X 0 §
goals, such as o
sustainable energy|
industrialization or cities
0 XU 02 OKA
SY2UA2Yy T Ay
"(...) updating the| |, . . . () can contribute t(.) the
. Essential. Engineering acquisition of soft skills o
contents of the Curriculal . :
" . . . one of the pillars of to the reinforcement and
Greater reliance on new Units (...) changing thg L " . . . .
. : society's development (...| "(...) hard skills  will updating of hard skills.
technologies, greater | curricula of the courses 0 . S . . S
. . occupying coordination| increasingly have to b¢ Suggestions:
10 environmental  concern the various study cycle . ; L
- development, complemented with soft | - Science communication
and greater demand fronj (...) training for teachers | . . . "
N .~ | implementation and| skills (...) - Stress management
society. new teaching . . ) .
. creation roles in the labo - Adaptation to various
methodologies and tools " o
new technologies.” market. situations
9 - Interaction with others."
"(.) engineering projects (...) H_|gher educatlor! iy "(...) _develop the m_osi *(.) have to be properly () are key to update
: . ; essential to  provide effective  technologica engineers on key
will be increasingly : : . balanced (...) so tha . . :
. °| engneers with the| tools to achieve the X . . technological innovationg
demanding, as they wil ~ 2 "~ . projects involving  new
. scientific knowledge| Sustainable Developmer ]Gl
have to incorporate more . i . . concepts and technologig
: technological skills an( Goals that, in an optima . relevant  short term
11 and more environmenta are put at the service of thé

constraints, while having
to be  economically
competitive and socially
useful (...)"

human and psychologics
preparation to be able to

decide, execute an(
optimize engineering
projects and acts ir

way, do not cause, at th
same time, negativeside
effects, both in economic
social and ever|

environmental terms (...)"

community in the most
userfriendly way possible
in order to be socially
inclusive."

training modules on the
latest developments in |
Information  Technology
and Al Artificial
Intelligence (...)
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scenarios of majol
scientific and
technological changes

and sometimes also @
great strategic vaguenes
on the part of some
political and busines
decisionmakers (...)."

* X %

* ¥ ot
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soft skills forengineers, |

also consider relevan
modules on Industria
Management, Team

Leadership as well a
Technological Innovatio
Management in Busines
Environment (...)"

"(...) will be permanently
needed.
Of particular relevancare

trainings involving
“(.) evolve in three different areas of
L . ) increasingly "(...) the wvalue of the knowledge, such a
directions (...) increasin . . - - -
A contribute to teaching| ,, . contribution of hard skills iy medicine and
specialization (... . Engineers have a centrg : . . .
S . future professionals to . : unquestionable (...) Sof electrotechnics, industria
12 specializationwill tend to . role in implementing the| ~ . .
learn new paradigms ani " skills are essential for thi management and
be shortterm (..r) . SDGs (...) ] . o
L . to correlate different success of the professio| informatics, civii and
specializations will tend tq N ., .
e . | areas of knowledge. (...) environmental
be multidisciplinary (...) . .
engineering, etc. as well g
all areas of data analys
and application of artificia
intelligence © the most
diverse areas."
G6X0 68 ghowibgt oHigher education will nof GOYIAAYSSNE | ol\/llcrocrede_nc_laqges
. .~ only develop the soft| . T S allow specialization ang
interest in : . . in achieving sustainability , ., . .
: . skills, but increasingly a 6 X somplement eachl the practice of the
microtechnologies, . - goals as they have all th . L o
13 sustainabilit and provide specialized tool skills in various other for good execution profession in very specifi
. Y - | for the exercise of the o o T andf S RS NA KA L) areas that can
evolution in  medical profession  in  various engineering specialties t complement the practice
SYEAVSSNJYEGYI_NNEé ob yR I OKASQOS UKZ2a 2F Sy 3IAYSSNHA
"Engineering is constantl] "Higher education has { "Engineers play a crucis tEOth are fundamefntal t:]O "(...) allow the updating
14 evolving and in the next-5 key role to play in roleintheimplementation| C su_ccessf ° 9 and
10 years this trend wil| preparing future| of the SDGs. They ai engineering protession () acquisition of new
; . - . . . | The combination of hard an :
intensify. | anticipate an| engineers (...) responsible for planning knowledge and skillg

soft «ills enables engineer
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increasingly
multidisciplinary
profession (...)"

will have to adapt to digita
evolution (...)"

the European Union

designing and executin
projects that have a direc
impact on many of the
SDGs (...)"

to be more effective in the
roles and to contribut
positively to society"

following the rapid
evolution of engineering
and technology. (...) area
suchas:

IoT, Artificial Intelligence
and Machine Learning
Project Managemen
Design Thinking, Big Dats
and Data Analysis
Programming anq
Software  Development
Renewable Energies, an
Sustainability and Energ
Efficiency.”

"(...) will have to be verse(

in Unto-date | () €ngineers must adag *(...) basic training will givs "Create skills ang
. . . Pc .| their way of thinking| greater sustainability tq application  of  new
There will be a greatel technological skills ir . . . . :
L L about solutions in order tg niches of knowledge an( innovatve
15 diversty of specializationg order to ensure| . . : . .
i . implement the | skills, while an aggregate ¢ techniques/methods  in
() competences in  more inabili f H kil . .
specific areas ol sustainability of each soft skills may  represen egcr_l pf the engineering
engineering.” system. only immediate solutions.” | disciplines.
N . | A i "(...) fundamental in the
;..gt:rtki)r?ss g:?: sf(e)rrve':{f] e: bhys 27 i consistent development o
"(...) will require upto- be inning P of their tdzy Os2yaz 0| "(.)theyare both essentig knowledge  acquisition
16 date knowledge to meel ginning L 1My26ft SRIS G Ato the success of thg Being short term they are
. professional activity (...] A A j . .
new challenges. . AYLX SYSyYy Ul o 7 profession. more easily attended ang
support for new trahing UYRAY 3 S¢ | not as demanding in term
and new knowledge." y y yse . . g
of time invested.
"Most of the 17 SDGs ar| "(...) shortterm training
"(...) will have to adapt tq areas impossible  tq ,, . will have great relevance
. . . . - . . (...) there will be 4 . L
The "Engineering of thq new realities and achieve  without the in the training of the
. . . . tendency towards a balanc| ,, . o
Future", will be based ol empower the "Engineer o| leadership of the . .| "Engineer of the Future
17 between technical skKillg

the use of digital tools
Technologies 4.0 (...)"

the Future" for versatility
and multidisciplinarity

()"

Engineer, so theale of
Engineers will be of gres
relevance and

indispensability."”

(hard skills) and behaviorg
skills (soft skills) (...)"

(...) greater importance
will be given to those
aimed at the digitization o
processes."
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"Our engineering touche
several SDGs, an
engineers must be

"(...) If there is a balanc
between the two the

"The training of 4
professional must be
continuous (...) | alway
suggest in the technicg
comporent, legislation,

18 their valorization and| to new technologies anq prepared to recognizg engineer will be much mor¢ normative references, ang
recognition will happen trends of new generationy those that may impacli complete and efficient in specializations within the
(..)." (...) inclusion of soft skilli their role, and include new the performance of hig engineering area. As fg
(..)" approaches if neceasy to | function." soft skills, these are als
meet the SDGs."” trainings that should beg
done with some
regularity.”
C((')'r'])ﬁnuittheriﬁ re‘l’:t':on t:ﬁ “(...) availability of sound
y basic scientific knowledgg "The SDGs are extremel a 6 ho dddO {2 F
what currently happens. . : . .
(..) will allow Engineers t combined with contactf demanding in corg necessary complement 5 o
: - 1 with the evolution of| subjects that concentrat§ some of which willbe | & 6 Xdzy Rl YSy Ul
19 make their contribution in . : A x x
) practical soltions and| the knowledge and generally useful, otherf LINR ¥FSaaAz2yl f
management and in . . . . ; . -
.| with the skills typical of Engineenl applicable in a specific
other areas of economi P " "
. freedom of individuall (...) way.
and socially relevan "
AT development (...)
activity.
"(...) The accountability o
engineering  technician “(...) These two aspect
will increasingly have to b linked at an early stage of 8 "Any area certainly need
an important fact for the| _ _ JaLd Aa SaaSy engineers career mak( systematic and continuou
dianificati : (...) heavily revised ir ; ; i : :
ignification of projects, fth hool key point for the varioug these professionals easi| ypdating (...)
20 however it will be|Manyo the s¢ OOS('").H engineering areas (...) stand out in the market| technicians to improve
necessary to create wel as IS 1he  case Wl st ensure the| given the ease they have i their areas oprofessional
. mathematics, these cann R . . S
defined systems thal " sustainability of projecty adapting to the situationg development as a methg
. . . be neglected...) p . .
highlight their actions anq (-.) that are proposed to then of standing out on the jo
their links to the various and the ease they have i market (...)"
themes that represent solving problems."
them (...)"
21 "(...) the engineering "(...) is essential for thq "(...) the importance off "(...) the success of th{ "(...) microcredentials
profession  will face development of the| engineers in promoting engineering professior play an important role in
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challenges, but will als

pave the way for
significant opportunities,
Engineers who are

prepared to adapt to thesg
changes, invedh relevant
skills and keep pace wit

technological  advance
will be well placed tg
thrive in this ever

changing landscape.”

competences required b
the engineers of the
future. It should provide
technical epertise,
stimulate critical thinking,
offer handson
experiences, promote
collaboration and
communication, and
prepare engineers td
adapt to technological
change and stay ufp-
date throughout their
careers."

the European Union

sustainability and
pursuing the Sustainabl
Development Goals i
undeniable, contributing
to a more just, equitable
and environmentally,
responsible future.”

depends on the harmoniou
combination of hard sKs,

which provide technical an
specialized knowledge, an
soft skills, which strengthe
interpersonal skills (...)"

the continuing education
and skills development o
the engineers of the
future. They eable the
acquisition of specialize
knowledge, both in new
technologies and  in
behavioural skills
contributing to adaptation
to the labour market and
professional advancemen
in the field of
engineering."

"Increased  focus  of
process digitalization, &s
of artificial intelligence for

"Training should have i

"Engineers should hav
the ability to conceive

"(...) technical skills arg

"They are important for
closing specific gaps in af

process optimization ang the curricula (...) . . fundamental for adequate .
; . . C design and implemen o professional area
22 increasingly dedicated tq digitalization, Al, . and qualified performance L .
; A measures and project ) . Trainings in the|
the environmental and sustainability, energy| . social skills are equall : )
. - " that contribute to the| . " environmental and socia
sustainability area, amorg others (...) N importart (...) i
. . SDGs (...) field.
particularly in the energy
sector."
(--r) Engm_eerlng will pla ") Upgrading i{ "Taking into account the . _ _ (...) they will be able tq
a key role in the necessal . . Soft skills will be one of th§ enhance the more
| essential. We will not bg 17 SDGs, we can only s . . . L )
response that society : . i most important aspects fol integrativeholistic reading
able to fulfill our intended| that none of them il be :
23 needs. These 5 to 10 yea : : : hard skills to be able to hav| that the present challengg
: role if we cannot| achievable without the . . L . . .
will be the path for the . : . . | their dissemination| requires (...) Digital wil
. . overcome chronid role of engineering being " )
evolution of the required| . o ol " leveraged(...) allow a very aggressive us
" immobility in our system."| incorporated. . .
response. of micro-credentials.
The _ engineering Gain skills |nd|9|t|zat|on _Englneers z_ireeky in the "Hard skills and soft skill _(...) pIa_y anlmportgnt rolg
profession will undergq and automation; Internet implementation of the lav complementary rolesi in shaping the engineer g
24 significant evolutions dug of Things (loT); artificig Sustainable Developmer play P y the future (...)

to technological advance

and emerging needs fo

intelligence  (Al) anc

machine learning enablini

Goals (SDGs) because th

have the technica

the success of thg
engineering profession an

should be complementary
to traditional academic

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European
Union or the European Education and Culture Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

139



ENGINEERS 4EUROPE

BN Co-funded by

the European Union

(land) spaceand climate
transition (...)

engineers must learn ar
adapt to new technologig
and new challenges."

reattime data collection
and analysis; advance
modelling and simulation

and automation of
technological processes
..)"

knowledge and skills tq
design, develop an(
implement  sustainable
solutions in various aread

.

are crucial to the success
the engineer (...)"

engineering education, tq
help engireers keep up tg
date (...)"

. _ bodddy 9y 3
"(...) the engineering Oz2yaidlyidte (
profession is the one with "(...) Higher education i Aa S5aslyds ti
the mgst .respon5|blllty the_ pa3|s of thg engm_eer‘ "Engmeers will play T e are facing AT2NJ LINPTSa4)
and action in this contex| training, and increasinglj crucial role, as engineerin . o« < oA .
) o ) , . ) ; technological change ifu2 RIUS® 0 ®d
and in this increasingly it will have to be|is a proéssion that cuts . : ; <. A NA i
25 - o . which generations will hav¢ RA G SNB Y U |
digital era". (...)] demanding (...) the across all areas of th : . aA = N
. . : ) . . to adapt, but with other soft a LISOA | f 8 S a
sustainable  engineering engineer will also have t{ Sustainable Developmer skills (...)" bV R INT VA GS
will have considerabl¢g be an analyst and manag¢ Goals (...)" y u. Ay a_,_
growth in this time| (...)" Yl },,/I; Isysyus d
window (...)" A)[u Stft A3aSYyOf
tS3IrAatlez2ys=
dn the educational ang
a 6 Xnill have to keep| . . o, - training context it seems tq & 0 X (certify  learning
a 6 Xhe involvement of : .
abreast of future trends . . .| us that hard skills arg outcomes following
. engineers  with  their] " . . . .
C e g (...) notably in areas o . . . privileged. However, for g experiences in variou
a 0 Xil lead to a path of ) . respective expertise wil . .
new energies- biofuels, productive work| learning contexts, ang
growth, based on be key to the . S
) . . hydrogen and sola| . . environment, both hard ang highlighted common
26 innovation and investmen . ' implementation of the . . . )
. A energy, in the field of fooc .| soft skills are important fol aspects ensuring thei
in technology in different . | SDGs so that thi ;
T and agriculture and agti L . .| the success of thq quality, transparency
specialtiesd X 0 € . .| transition is made in a fair .
food services, and ir . " professional (...) A balang crossborder
; . | sustainable, effient and . . . .
scenario studies o] i B between their technical anq comparability, recognition
. competitive mannei . o S
developments social skills is fundamentq and portabilityé X 0 €
and cruciald
Goxo GKS Syd. . .. al Nl need to bg -
: > 7 a6 Xis urgent that the| | . reviewed, as mentioneq dMicro-accreditations
to integrate the following . GThe different areas o :
27 areas: programs of the various engineering can cover a above. bring muchneeded
’ . higher education entitieg 9 g With regard to softskills, | flexibility to skills
- Data analytics . N the SDGs. . L
bereviewed. there is also an urgent nee| acquisition.

- Artificial intelligence"

for engineers to have

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European
Union or the European Education and Culture Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

140



ENGINEERS 4EUROPE

* X %

* ¥ ot

M Co-funded by
N the European Union

specific training e.g. if
emotionalA y i St f A 3

"Increased diversification
and specialization of skill
blurring the boundaries
between traditional
specialties  (...) Som
negative impact in terms

a 0 Xwill maintain its
importance  (...)  the
biggest challenge will be ti
reconcile the
diversification and
specialization of the skill

Gazald 2F (K
can only be achieve
through the development,

a ¢ K &allédoft skills arg
increasingly important tg
the performance of an

a 6 Xmust be framed

within the concept of
corntinuous training
throughout the

professional life of that
engineer (...) from very
specific technical aspect

FYR Y2NB¢

28 \?\fithi;Edtl;](:eii?ncorc::pe::riléz Sia duates /mai?(gr?ee\rllvri]t% Qisseminatio_n and engineer's. dgties (...) the} that are not framed within
due to the development of the need to maintain 4 |mplemenFat|on of are.thus |nd|sper.15able fo thg _branch of sghoo
Artificial Intelligence (...} solid training in the basi technolog_les that are par| engineers, especially thog training of the profe;;smng
Relative sciences (...) the scalled of the varlou’s branchfaslo who want to lead teams. _concerned, _tO tra|n|_ng I
"proletarianization”  of| soft sklls are essential iff €N9INEErNNgo @ P Ay ¢ Esugs outside t::e field g
engineers in terms o] the professional life of ar mg%'ggg;l%tm ?i?ai.cgé
dominant position in workl engineer and cannot bt '
teams and salaries (..") | dispensed with (..§) psycholog){: law
toxicology)".
GThe increasing need fg "(_.) contributes in severa oHard skills are ven
innovation associated with & 6 ® d D0  ed&catidnk w;ys- economic important in very technica ¢Shortterm traininas can
technologies and the provides the foundation infras.tructural professions. Soft skills arn NB & L2 y R 32 )
29 development of societieg and mental resilience tg agricultural ' and fundamental in the reinforce knowledge on
will allow the engineering develop the skills of ar environmental corporate context in which OSNI F Ay @2 LA
profession to evolve morg engineer." innovation.” ’ most  companies  fing

iKSYasSt gSa o¢
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Figure7:Round table.
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Figure8: Dinnerdebate.
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Annex 4: Resume of information gathered in round tables and dindebate

Question 12 K | (i Q axpettatidr\ah the evolution ahe engineeing professiorin the next 5 and

10 years?

1 &An engineer has to learn the theory, but the most fundamental thing is to fall in love with

practice and overcoming real problems and challeages

1 dThe engineer should be creative, empathetic, resilient, able to sulrgplex problems, have
critical thinking, in addition to technical knowledge. But as the technical knowledge

requirement is being set aside, there will be fewer and fewer engingers.

1 d&Given the galloping progress of Atrtificial Intelligence, in the negtyfears engineers will be
the first to benefit from these advances, but also to suffer the consequences of the errors
produced by them. Engineers will need to be able to verify and validate the correctness and
appropriateness of the solutions offered, lea&n unparalleled critical spirit and a strong belief
in their skills. Without these, we risk the machines making us stagnate with the solutions of

the pasté

1 dEngineers will have to adapt and respond to new technological demands, always using their
maintools: creativity and rigor. But the greatest challenges of today, beyond the technological
ones, are the social and political ones, in which the world is undergoing a profound and
vertiginous change. | hope that Engineers never lose their grip on rdaditguse it is the

solutions to people's real needs that make them so important to so€iety

Question 2:Indicate which hard Iglls, soft skills and microcredentials should be included in

engineering training, that can contribute to the success of therfutngineers.

1 dn my opinion: Soft Skills: leadership;IGxaders, techniques for managing people; Hard skills:

legal framework in the various ared®actical case&s

1 dArtificial intelligence linked to the simplification of processes/projects and maev/atith

emotional intelligence

1 dleadership, codbenefit analysis of solutiogs
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1 d&Proficiency in English and specific engineering tools, development of communication skills

and teamwork and leadership, mandatory development of projects in a work cofdext

university students

1 d&Strong academic background, ability to work in a teamthanjob traininge

In summary: The world of work is and has always been evolving. Nowadays it is necessary to train
students in the most diverse areas, such as flexibility, adaptability, ethical, social and humanistic
values, critical thinking, differentiation, knowing how &ccept and accompany changes, etc, trying
that the engineers of the future think more and more autonomously and critically, since this will
differentiate them from Artificial Intelligence. For thid:zHKare fundamental, since they act as a trigger

for the evolution of society.
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Annex 5: Key sentences of the secondary research

Reference  (AP/
style)

Key ideas

(Lantada, 2020)

GoX0 LINBaSyida G(GKS O2yOSLIi 2F WwWIyaAySSNJH
to a vision of engineering education characterized by a need for continuous evolution
consequence of a challenging quest for a more sustainable anddcari dzii dzNBE 6 X ()
development and application of technology and enters the realm of ethics and humanis
188 FaLsSoida 2F F2NJ I yS¢g ISYSNIiGA2Yy 27F
GoX0 AlG Aa ySOSaalNeB (2 GNIyafFz2N)X (KSand
Ffy2ald OSNIFAytes GKS &a0NHzOGdzZNBa | yR LN
whole 6year programme, based on a4S | NJ 6 OKStf 2N &3 REYNBA S
can very adequately provide students with fundamental scientifibimetogical knowledge
specialized professional and transversal skills, necessary ethical values, and even gi
AYLENIOFYyG 2L NIdzyAGASa F2NJ LISNE2YF £ AT |
GoX0 AY 2NRSNJ G2 GNY Ay | vy ®Badinghbdffemdring the nex
technological advances and their application towards a more equitable and sustainable
a reformulation of engineering education is urgent. This reformulation should chorally inte
the views of the key societal stalolders, including: professional associations, enginee
institutions, representatives from the industry, policy makers, accreditation bog
2NBFYATFdGA2ya FTNRBY G(KS GKANR aSOG2NE &

(Piwai Chikasha
2021)

Gwdzad |a AyRdzZAaGNE A& ReylFYAOXI Oz2yaidl yi
S§O02y2YA0as LRtAGAOAE YR a2 2y a2 Ydadl
GoX0 ¢KAA addzRé RS@St21L1a I+ 02y GfedipnsFagdthal
is it possible to better prepare graduates for the uncertain future, by predicting some key
NBljdZANBYSyGa 2F AyRdzaGNE KSR 2F GAYS 7
GoX0 Al Aa GKSNBT2NS capudmtésmagpects of th&flitufistiKpkok $6i
into the lessons of today, for the benefit of not only the students, but also the respe
AYRdAZAGNEE | yR y2G 2yfteé& FT2NJ G2RIF&3% odzi 01
GoXov G2 YFAYdlFAy NBEf Scsliyportant & Bda RdadatnNdo i
prevailing industrial requirements. It is even more important to actually predict where
AYRdAzZZAGNE NBIldZANBYSyiaQ S@2tdziazy A& KS
I OO02NRAYyIE & 6dDDYE
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GOoDdDPDO A Y yrrépteriedrshiy, sustdimible Sdevelopment and finally, the dig
technologies (...) as knowledge areas of high priority for the benefit of graduate indu
SYaAYySSNA 0PDPDO £

(OECD, 2023)

doX0 f SI RAY 3 déntandlfoy mokeyhighdRdudated ang highly skilled worker
0KS aSOG2NJ 6X0¢é

GoX0 Df2ol ff &z -trénés3hutiare trivdsy cramydzhid skill3eqdirements at w
over the past decades: 1) technological change, 2) climate change and the gaesitidn, 3)
RSY23ANI LIKAO RSOStE2LI¥Sydasr FyR no GKS 3f i
GoX0 ! ANAROdzZt GdzNBE ' yR GKS F22R aSO02NE A
SYSNBSyOe YR (KS a3aINBSy:¢ NBO2GSNER YSI ac
a 6 X 0 ngs$t e skills needed in agriculture, forestry and fishing sector, the greatest
shortages are related to social skills and teamwork, problem solving, learning, planning, g
ALISOAFAO ajAattad oXvé
GoX0 GKSNB | NB YI 22 NaldvHevel df @gjtall Kibls iniagricultufe Rk
Oty KIF@S 'y I'ROSNERS STFSOG 2y GKS | R2LIG
GoX0 3ISYSNIf aiAffta aAK2NIF3Sa NB O2yO0S
writing, speaking), proceskills (critical thinking and active learning), and probtsiving and
d20A1f &a1Aftta OAYyalINHzOGAY3IT a20AFt LISNDS
GoXv fIFNBSAG aKINB 2F ljdZ t AFTAOFGAZ2Y YAa

(Olushola
Akinshipe 2022)

GOoX0 tNRRdAzOGAGAGE Aa AYLI OGSR o6& aiAftfta
GOoX0 YFE22N) SFFSOGa 2F Sy3aAaAySSNRy3a aiAfft
recruiting, poor decision making due to noaving the right skilled people, lack of relevance
GNFAyAy3a NBOSAGSR YR 26 SYLX2@YSyid NI
Ao X0 [/ 2YYdziadn@leadining ylannirfg &l $rganizing, probleaiving, teamwork,
selfmanagement, technology and initiative and enterprise skilte the most needed fo
AN} Rdz §S SYLX 28S8SSa o6Xv¢é

GoX0 AlG A& NBO2YYSYRSR GKIFG GKS | OFRSYA
GKS AYLERNIFYyG (1y26f SRIS SYyaAySSNAyYy3I INI |
GoX0 UKSNEBNIANBRIKESRYI 2F INI Rdzr 1Sa K2

(Business Europe

2022)

GoX0 alAfta akKz2NILl3IsSa NB | YIEYyATFSadalr da
educational choices not sufficiently aligned with thed 2 dzNJ YI NJ S& y SSRa

fi(é) constitute a bottleneck to economi (

ifi(é) education and training curricula af
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i(é) gualitati ve s hothetdacgepancy beavgen the nature/prafile
avail able jobs and jobseekersd preferen
fi(é) two main strategi es -Yeagading pehkple®n theasitieesy
of the labour market and increasing labour force through migsah ( € ) 0

A(é) it is i mport an ttimelaboucnanrket and skiks inteldigendes whe

wi || be a foundation for the successful

(ENGINEERS
EUROPE, 2021)

G 0 X wre €ndgileers will have to extend their spectrum of competences beyond e
knowledge in the field of technology and engineering towards a more holistic view|
approach, e. g. they need to develop the ability to reflect upon their work before a w
international political and soci6 02y 2 YA O O2y G SEG 6 X0 ¢

GoX0v SYIAYSSNAyYy3I O2YYdzyAide Ydzad FAIKG 0
d0ASyO0S YR G(SOKy2t238&8 06X0¢

GoX0 Ylye SyaaySSNaR KI @S | KINR (Aendnedring
0FO13INRdzyR 6KIF{i GKS NBEtS 2F (KS Sy3aAaySSs)
GoX0 9y3IAYSSNA NB3IdA I NI e SELINBaa GkKS O
decisionmaking bodies. At the same time, they shy away from takim@ctive role in politicg
and public political discussions. This is especially regrettable, as engineers with their ak
analyze and gauge different options and put them into perspective are perfectly equippg
an active role in inducing polititka RSOA &aA 2y a 2y 2@SNI NOKAy3

(AAM-EEUMAT,
2020)

a 6 Machine learning a tool which can guide researchers and engineers in an unbiased
(beyond their intuition) towards the best materials and the best synthetic strategies, h
saving time and money (e.g., in terms of computational costs, optimizatfoparameters
controlling manufacturing eta) requires not only new concepts and techniques to be lear
odzi rfaz2 ySg o0Said LINY OGAOSa 6adzOK & RI
GoddPd) | AIKSNI 9RdzOF (i A 2 v islciiiciabt@dévélopYalnewip&niichtit
of materials scientists able to use, for example, daiaing techniques and to build ope|
RIGFLollaSa o0dddy e

GoPdd)d ¢SIFOKAY3I YSGK2R&a akKz2dZ R YlFAyfteé N
fromdealingwii K LIN} QG A Ot LI AOFGA2Yya 6PDPDD £

(Pereira, 2023)

a 6 Kpropose and describe the 5 essential characteristics of professionals and mana

organizations (...) Collaboration; Communication; Digital; Cong&anning; Initiatived X 0 €

(Indeed Editorial
Team, 2023)

G6X0 CKS Grtdyta NBIJAdANBR G2 08 | ado00s
soft skills. They allow an engineer to perform the labor of the position ded w&ork with
O262NJ] SNR (2 2LISNIGS a | dzyAd SFFAOASYI

12 top engineering skills employers look for: probieaiving; computer science;
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Industry skills; pressure management; teamwork; creativity; structural analysis; communic

attention to deiail; education commitment; data modeling; leadership.

GoX0 ! RGlIyOSa Ay G(SOKyz2tz23e O2yliAydzsS (2
Go X0 CNRY (KS A yspfavare td drtitigfal ikeigehc&and wit@abreality, the
FNE y2¢ f20a 2F yS¢ SyairAySSNAy3I NefSa f

(Design Solutions
2022)

GoX0 ¢KS SyaiaySSNAy3I FyR YI ydzF I & Gotehduty” B
economic growth and development. The skills shortage affects the global economy as
AYRAZAGNARASE I NB SaaSydialt o0oodd0é

Godddy Y2NB o0dzaiySaasSa YSyGuAzySR 1l o02dz
compared to 2021 (...) cotrsiction, technology, packaging, and consumer goods are the
gAGK GKS Y2aid t102dzNJ aK2NIF3S RA&AOdzAAA 2
GoX0v {GFNIAY3I FTNBY R2gylGdzNYy Ay Ayy20F (A
Oz2aida I'yR RSSLISYSR aiAaftta 3IFLI 0dddOE

& 6 ® d b ess the untleRstffing issue in engineering and manufacturing industries, se
a2t dzianzya ySSR 2 0S AYLXSYSYUSR 600Dy €

(Knowhow, 2023)

GoXv [Saa GKFy KIFt T a&deithérShe neSesshry e SuBddllorsat sK
YSSRSR FT2NJ 62N)] SAGKAY (GKS AyRdZAGNE 6 X0 4
GoX0 ¢KS AYLIOG 2F YAaaAy3d airtta YStya

people provide additional training for apprentices/graduates who aesv to the industry,
GKSNBFA& | ljdzZ- NISNJ aAYLIX & NBONMzAGa FSo6SNJI
a 6 X u-thitdg (21%) of the UK engineering workforce who are experiencing internal skills

say it is down to missing engineering ortechnicdl A f £t @ 06 X0 €

(IET-Institutionof |6 6 X0 2y f& | GKANR 2F odzaAySaasa Gl 1Ay3
Engineering and 3SY RSNJ 60020 2NJ SGKYAOAGE o60k20 0OXUE
Technology, 2021 ¢ 6 X0 ¢S T NB &aSSAy3 | &adzaidlAySR aiAftfta 3

AYRdzZAGNE GF1S FOGA2Y O6X0¢€

GoX0 9y3IAYSSNAy3d O2YLI yrasSa I ONraa GKS

LINE RAZOGADGAGE GAGK FSHSNI adGhkFTF GKIFIY 0ST2]
a 0 Xaysolve this skills crisis there needs to be deeper engagement between govern
SYLX 28SNRZ FyR (KS SRdzOF A2y aeadsSy G2 |
GoX0 5SaAidy FyR YIydzZFlI OGdzNAy3a A& NBEO23Ay]
GOX0 1 26SOSAFOENBNASY iyR adzadlAylroAtAde

(CIHT- Chartered .
a K2 N

GoX0v GKSNB Aa I NBO23ayAl SR &aiAtfa
NB 2dza i

iy ONBIF aAy3te az2daAKG I FGSNI YR K

Institution of

[N
w

Highways &
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Transportation,
2022)

GoX0 GKS YySSR F2NJ Ydzf GARAAOALI Ayl NB Sy 3IA
Ffaz2z o0SAy3a AYLI OGSR 6dddy €

Godddy ! fY2ad KI f Fworkforoe dston® of &heée hidRestl cifallehgekss
SELISNASYOSR adGlFF NBIFOK NBGANBYSyd 3S |
GoddPdd hiIKSNER KAIKEAIKGISR AaadzsSa AyOf dzR
paying industriesormAl 3SYSy i LI2aAGA2Yya O0DDDUE

(Institution of
Mechanical

Engineers, 2022)

o

GoX0 ndx 2F SYIAYSSNAYy3I odzaAySaasSa | NB
iKSe8 ySSR 600dyé

GoX0 adzoaeSoia A leSeagar fagyytSchools,Put Yonrieding dhem
engineeringg the link between these subjects, their purpose and application to the worl
whichwelivecAda y 238 OdaNNByidte 6SAy3a YIRS Of SIN
GodddD ¢S OKSNJ (NI Ay Ay 3 and eodiiieRce hiout galking 2y
SYIAySSNAy3a Ay GKS OfF&AaANR2Y O6DDDOE
GoX0 Y2NB GKIy KIFIEfF 2F LI NByida opp:0 |3
G§SOKy2t238sx GKSANJI OKAf RNBY gAft y2G 0SS |

(Tertiary
Education
Comission, 2020)

The jobs in demand in engineering in New Zeland are: Chemical Engineer, Civil EQguile
Engineering Technician/Draughtspers@tectrical Engineering Technicj&tiectrical Engineer
Electronics Enginegr Environmental Engineer Mechanical Engineerand Engineering

Technician.

(Mannan, 2021)

GoX0 GKSNB aAyYLi & | NByQi Sy 2 «ehkingstiehtyoblGeh
YIEGA2Yy Lt YR AYGSNYyFGA2YyFET AYLERNIFYyOS o

Godddy AG A& y2iG 2 dmilimedhdaiSal elediribdl &l defoRaytical
engineering there is a growing need for multidisciplinary engineers working in renew
technology, robotics, additive manufacturing, the digitization of industry and 6G arksamto
YIEYS o6dzi I ¥Sé I NBlLa 00dd0E

GoX0 KAaAG2NRAOFIfte Y2ad SyaaxySSNaR ¢SNBE LI

and USA, recent trends have demonstrated that a significant number of engineers are

produced from emerging countries likedza & A = LYy RAI YR LN}y
GOoPdDP) ARSYGAFASR OAQGAtZ YSOKIFIYyAOFf>X Sf
Ay 6KAOK GKSNB INB | &AIYAFAOIY G &K2NILTI

Godddd SaldAYFrGS GKIF (G ralyoriadenup of NZ2,00 &ngihel® a
technicians with core engineering skills, plus 79,000 related roles requiring a mix of engin
1y26t SRAS YR 20KSNJ ajAtfta asSda tA1S LINZ
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GoX0 GKNBS I NBlFa ¢2NIK y@pedpl ae nbtledtsfingihé sefq
in enough numbers: an insufficient awareness of what engineers do, a misperception of
engineering is, and a lack of opportunity for all to be involved

almost half of those between 11 and 19 years old say they Kitthevor nothing about what
SYyaAySSNE R2 06X0¢

Godddy ySg SYIAYSSNAYy3I RAAOALE AySa KI a
roles are needed now, and into the future, in software engineering, robotics and Al etc
changes the naturefcengineering and where engineers warkess site and more office. Th
also calls for a new set of skillsand problan2 t Ay 3 {y26f SRIS o000
GoX0 SYIFAYSSNAYy3I g2N] F2NOS 6l a 2dzaid o
to tackle the shortage of skills in engaréng it is necessary to tackle the root causes: awaren
LISNOSLIGA2yZ FYyR €101 2F 2LILRNIdzyAide T2N
GoX0 ¢KS azfdziizy o0dddy O22NRAYFGSR aS(
SRdzOI G2NEZ YR Sy3aAySSNAy3dI O2YLI yASa o Xl|

(Randstad, 2019)

GoX0 YSIF&adzaNBa ySSR G2 oS Gr1Sy 2 KSt LI
are integral to the field (...)they would need around 186,000 skilled recruits each year unti
O0PPPU ¢

a 6 O ablist of bottlenecks across all occupations within the reéthanical engineerare
ranked seventhelectrical engineerd2th andcivil engineerd 4th.When it comes to newer an
experimental engineering fields such as software system engineering or control and calik
engineering, highly skilled employease even moreén-demando @ d d U £
GoX0 L9¢ NBOSFESR Ay I NBLR NI yérKshyithatpabudte
cannot offerthe right skills, which is a contributing factor, and also suggest not enough is
done by schools and universities to prepare future engineers for their debut in the work
O0PPPU €

(Austrdia, 2023)

AOodPd) t NPFSaaAzylfta ! dzaGNIfAF LINRP2SOGa
GoddPd) ARSYGATASE FLAtdNBa Ay (KS SRdzO!
engineers in the workforce, and an extremiw participation rate of women in engineering
G§KS YIFIAYy NBFrazya FT2N 0KS LINBRAOGSR &aK2NJ
GoXov YSe {dlraAradaoay

1 Australia will be short 200,000 engineers by 2048ustralia will experience a
engineering workforce shortage of 200,000 by 2040 if new and additional measurt

not put in place to grow the workforce
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1 Underutilisation of engineering skilslust 66% bAustralianborn engineers and 499
of overseasborn engineers work in engineering roles.

1 Insufficient numbers of graduate engineey©nly 8.5 per cent of Australian univers
students graduate with engineering degrees, compared with over 12 per ce
Canada and over 23 per cent in Germany. Graduation nhumbers have also been st
since 2018 at around 25,000 per year.

1 Low engineering participation rate for womenLess than two in ten engineerin
students are women, and women make up only 15% of tinévarsity-qualified
engineering workforce.

1 Engineering gender pay gap for womehhe engineering gender pay gap is 24 per G

for women compared with 13 per cent across all industries.

(Schaefer, 2023)

GOYIAAYSSNE FTFIOBS f LISYAB& (KNRdzZIK2dzi G KSANJ
tFYSYGidSR GKS t1F01 2F az2fid aiAatta yz2y3a
GoX0 az2FhG 2NJ aLIS2L) S¢ aijAtta NB 2dzaid |
evenY2NBE a2® oX0 ! YRSNEGFIYRAY3I 6K2 S I NB
a variety of circumstances can go long way in ensuring work gets done correctly and effi
FYR A& 1Se Ay OIFNBSNI IR@GIyOSYSyid o6XxX0¢

GoX0 addzRSyGa asomezxposule lio tHese lcéndeptskbef@ré entering
G2N] T2NOS oX0 oltFyOAy3a GKSANI G§SOKYAO!I ¢
GoX0 RS@GSt2LAy3a a2FaG aiAtta Aa Ly lFoazf
management and workplace culturetdl&S I 6 S 'y STFFAOASY G | yR

(Landry, 2023)

GoX0 ad Y2NB Sy3aAySSNBR SyiSNI GKS FASER |
YR ySSRa&a 2F SYLX 28SNA O0DDPDU £

d 6 © d d ompeditivaiinithe§ob market, aspiring engineers and those who want to adv
YySSR I aGNRy3IX RAGSNRERS aSi 2F ajAratfta oo
a 6 ®deand Bkyfls in the engineering industry include: Technology and computer sd
skills; Communication; Management; Pheim-solving; Business operations; Research
ONRGAOFE GKAYTAY3IT [SFRSNBKALI 0X0¢é

GOX0 SyYIAYSSNAY3 KIa F odzaiysSaa airRs a
GOX0 I OldANRYI Saa8ydAlt odaAySaa A1Aff 2
workforce demandsand F Ay | O2YLISGAGAGS SRIAS o0dddD

(Glassdoor, 2021)

GoX0 tz2aaSaairy3d az2Fd alAatta oAttt FlLOAL)
LISNF2NY GKSAN) RdziaSa Y2NB STFSOuA@Ste o
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Most common engineering soft skills:eNdal and norverbal communication; stres|
management and tolerance; public speaking and presentation; negotiation skills;
strategic planning; time management; creativity and innovation; teamwork and people ¢
research and analytical skills; organianal skills; adaptability; ethics; dedication ai
commitment.

Tips to improve soft skills: practice communication; seek out training opportunities; cre
plan for each day; remain committed to the job; practice active listening; be respectf

everyone.

(Michael Page
2023)

G 0 %aft skillsg when coupled with the right combination of technical skilare in great
demarRX yR Oly &aA3IyAFAOlIydte &asSat @&2dz I LI N
Top 5 engineering soft skills: strong communication skills; leadership skills; lateral thinkir

ability to influence others; problersolving skills

(Michael Page
2019)

GoX0 GKSNBQa RSYIYR F2NJ Y2aild SyaaAySSNAy:
dodddy IANBFGSNI RSYFYR F2NJ LINRPFSaaazyl ta
in the industry, in particular those who can interact comédily with stakeholders and client
O0DPDPDPO ¢

(Indeed, 2023)

Go6X0 9YIAAYSSNE NBIdZANB 620K G§SOKYAOFft |y
help engineers use their technical abilities and knowledge wittSféW A y (i S N1JS N&
Examples of soft skills for engineers: communication skills; emotional intelligence; lead
ability; problem solving skills; organization skills; teamwork; adaptability; creativity; listg
skills; costumer service skills.
How to improve soft skillsprioritize the skills to improve; request feedback; practice-s

reflection; actively listen; develop writing skills.

(IET- Institution of
Engineering &
Technology, 2023

GoX0 O2YLIYASE | NBLOBRE YA o2 dzK RE KN ydy S N
GoX0 Ay &aSOi0i2NR adzOK Fa SyaiaySSNAy3ar Sy
and upskilling for fear of losing those workers to highdr @ Ay 3 02 YLISG A G 2 N
GoX0 | LAVATEAY3I IAGSE laASkHaK sBowlriRidBe péoplg &cki
GKS aiArtta oK2 INB Y2NB tA1Ste G2 Sk @S¢
G6X0 GSOKyz2f238 O2ylGAiydsSa G2 Y2@S AyoOl
environment, organizations must ensure their employees are not only up to speedsbutave
0KS (d22fa GKS& ySSR (G2 KSfLI GKS 0dzaAyYySa:
GOX0 9YLX 28SNR 2FiGSy LRAYy(d 2dzi GKIG GKS
2f RSNJ SYy3IAySSNE FyR 20KSNE #K2 O2dzA R 02y
GoXov ¢2 3ISh I OO Sndl angidedrs WitR dedBputatioraésigniskilis, (Pakingto
Ad 62Nl Ay3 Y2NB Of2aSfte gAGK dzy A OSNEA (A
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Go6X0 ¢KS o0AIISNI adSLI Aa G2 SyO2dz2NI» 3S &0f
GOX0 NBYIAY ljdzSaidArzya | a toihandleka2gieatedBlluR & a
SY@ANRBYYSYy(l 6KSNBE O2YLI yArASa asSSy G2 41 yi

(ENGGPRO, 201¢

Six most common challenges faced by engineering and engineers: climate change, i
energy eficiency, skill and staff shortage, lack of female engineers, project manage
technological advancements.

GoX0 9YyIAYSSNE FNB adNUzZa3tAy3d KIENR (G2 F7
more ecaconscious engineers to cutthe ridgky’ G KS Sy @ANRYYSyYy (i 0@
GoX0 YSSR (2 NBRdzOS F2aarf 7FdzSta O2yadzyl
Goddd)d ! OO2NRAY3I (2 5Sft2AGG4S GKSNB gAff
YIydzFlI QlidzNAYy3 22048 08 HAHP O0DPOPDOE
GodBddd ST SYIAYSSNI ydzYo SNA KIF @S KI NRf & 0 dz
GodPd) ¢KS LINRP2SOG | a{iAfftSR SyaiaySSNI Y
there is an equally skilled project manager involved leading and managing the enggn
LINE2SOUG odovdyé

GoPdd)d G2 NBarad GKS NILARfe& S@2ftQQAy3a 6
gAGK GKS OKlIy3Sa 60ddpoé

(Smith, 2022)

GoX0v 2KAES GKS ySSR (2 NB Odussing corfcdti® iiga't titielori
OKIfttSyasS (KIG GKS aSOG2NJ A& FFLOAYy3I 0X0Us
Goddd)y W20a Attt 0S8502YS AyONBlLaiay3ate I gl
vehicles, but engineers are also working on innovations in how we travel we power our
lives, sustainable food production and plasletNA Sy Rf & Tl aKA2y 0X0§
GodPdy Ay 2NRSNI (G2 AYEALANB @&2dzy3 LIS2LX S

the quality, targeting, inclusivity and reach of activities designed t@ettralent to the industry|

O X0 ¢
GOPDPDP) &2dzy3d LIS2LA S 6K2 1y2é Y2NB | 062 dzi
LINEFSaarzy Ay | LRaAAGADBS 6l & yR (2 02yi

(Silva, 2019)

dEngineeringi®@ yS 2F (GKS FlFradsSad aINRBgAYy3d | yR Y2
a 6 evergpsuccessful professional is always looking for training and continuous improve
not only in the technical skills called Hard Skills but also in theabed Soft Skills (£.)

Most important soft skills in any engineer's career: Creative thinking, effective communic
critical thinking, negotiation, people management and teamwork, emotional intelligence,

management.

(World Economic

Forum, 2023)

GO6X0 902Yy2YAO: KSFIfGK FyR 3S2LR{AGAOLN T
YFEN)] SGa Ft20lftfte AY HAHO O6XO0E
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GoX0 ¢SOKy2ft238 |R2LIGAZ2Y Attt NBYFAY |

8SFNRBR O0XU0¢E
G o X0 ¢skgdowifig rdles felative to their size today are driven by technology, digitaliz
and sustainability. The majority of the fastest growing roles are technology related roles.

Machine Learning Specialists top the list of fgsiwing jobs, followd by Sustainability
Specialists, Business Intelligence Analysts and Information Security Analysts. Renewablé
Engineers, and Solar Energy Installation and System Engineers are relativgtp\iasy roles,
as economies shift towards renewable enrg 6 X 0 €
lyFfedAOrt GKAYlAy3

constitutes, on average, 9% of the core skills reported by companies. Creative thinking, a

aoXxo Aa O2yaiRSNBR
cognitive skill, ranks second, ahead of three-séfitacy skillg; resilience, flexibility and agility
motivation and selawareness; and curiosity and lifelong learniggn recognition of the
importance of workers ability to adapt to disrupted workplaces. Dependability and attentic
detail, ranks sixthbehind technological literacy. The core skills top 10 is completed by
attitudes relating to working with otherg empathy and active listening and leadership a
St jdz €t AGe O2y (NPt
a1 At & tobKindieasd@ilYimpogtahce the fakRstarédot alw
Ay O2NLI2N}GS dzLdal Attt Ay3a &GN G
{ dzZNBS@ SR O02YLJ yASa NB L] Ndhejob Kraining ang

social influence | a I a 6 X0 ¢

¢ KS

AAAAA

aoXo

aoXxo
automating processes are the most common workforce strategikeh will be adopted to
RSETAGSNI GKSANI 2NBIYyATIIGA2yaQ odzaAySaa 3%
G 6 X0 -fi@peident of businesses see funding for skills training as an effective interve
F@FAfrFotS G2 3A2F0SNYyYSylia aSSiAy3a G2 0O2yy

(Pefa,
Inteligéncia
Artificial e
desafios na
formacgéo
avancada e ng
investigacao,

2023)

a 6 Xlaan free up more time for transformative actions, lead to higher productivity, more
being, better living standards. ItalldepeR & 2y YSIF adzNBSa G2 ol f I
a 6 dmprove the quality and versatility of training, use Al to complement it, further t
imagination, decisioY T Ay 3 FyR ONARGAOIf GKAY{1Ay3a 0o
a o thidup o education teomplement Al with causal models for verification and decision
are trained through experience, abstraction and the development of imagination. ChatGH

0S  GSFaSNI G2 RSOSt2L) GKAa ONRUAOFE asy

(Pefia, O ensinc
da Emenharia
gue existe e aindg

ndo existe, 2021)

a 6 Kcience, engineering and technology have a huge impact on lifestyle and quality of |
are constantly evolving. Education must keep pace with this progress and make scienti
technological research fertile. Education teaches the science, engineering and technolo

exists, and prepares for that which does not yet ezisb d D 0 €
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a 6 The duacess of education is measured both by the talent it generates and the talent i
y2id 61 adsS 600d0é

a 0 Theydaeguire efficient, modular and diverse teaching and learning for adaptation and g
initiative and innovation. In a difficult balance, without shaking the pillars of solid trainir
Fdzy R YSyGl f a0ASyOSa 00ddyE

(Naves, 2023)

G 0 X023 Top 10 includes innovations in environmental sustainability and decarbonizat
GNI yaLR2 NI oXoé

GoX0 ¢KSNB Aa I g2NIR 2F Ayy20I GA2ya &1l 7
a 6 fmpdgithe ten technologies olié future chosen this year by the World Economic For
brain implants will be the most controversial, alongside rapid developments in Arti
Intelligence (AI6 P D DO £

a 6 ¢he wasld may be close to an agricultural revolution that could change the plaayts

themselves are controlled ® P PO €
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2.2 Ireland

2.2.1 Analysis by Technological University Dublin (TU Dublin)

1. Introduction

The future of engineering education, as argued by Lonngrenn M0 > YA IKG 06S O2y aai
LINPOf SYQX LI NIAOdzZ NI &8 ¢6KSYy GKSNB A& Fy SYLKI &A

change and resource management are particularly important in engineering education since
technological developmentas profound impacts on social and environmental welfér@nngren,
2019) Graham, in her global consideration of the state of the art in engineering education, provided
an insight (through an initial snapshot and subsequent case studies) into thegcetlige of global
engineering education and a horizon scan of how the state of the art is likely to develop in the future
(Graham, 2018) The report highlighted the different educational themes that are increasingly
pervasive internationally, includingdmded learning, increased diversification of choice and eross
disciplinary learningThe European University Association in its Trends 2018 report, also identified how
institutions are in the process of establishing more systematic and strategic appsoazhearning

and teaching innovation and transformation, leading to exchange and collaboration with a wider range
of external parties, including partner universities, as well as industries and schools.

However, and the issue at the heart of the E4E mipjdiow these educational and curricula
innovations can systematically, and grmptively synergize with the ev@hanging needs in industry,

is less well understoodt is a balance between education necessary to afford skills, values and
attitudes requied in society in general, and the provision of the necessities to meet the market's
expectationgAljohani et al., 2022)The industries of tomorrow need engineers, who as ambassadors
of their technological areas can, through innovation and leadershippme specialist expertise with

an ability to operate creatively across boundaries in increasingly complex environffapksr, 2019)
Moreover, nonstandard progression through the engineering profession needs consideration. There
is a growing interggylobally in exploring such routes to help address engineering skills shortages both
for young people and, increasingly, for reskilling older generatfdaglor, 2019)This is a narrative
shared in Ireland, extending to the importance of lifelonghé&ag as an instrument for problem solving
and as a support to keep abreast with technological advancen{8eisgon & Kyne, 2023)

This report, offers an antecedent insight into the stat@ofineering educationincludingcurriculum
competence alignmentgaching methodologiesandpedagogical practicesind consideration of the
challenges and opportunities associated with the evolution of the engineering profession in the short
to medium term. The report considers issues pertinenthe Irish HEd Higher Education Institutions

¢and VETFVocational Education Providers. The discussion herein offers a backdrop for the subsequent
examination of the outputs collated from thEngineers Europesurvey into the future of the

55 https://www.linkedin.com/feed/update/urn:li:activity:7076914781307170816/
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engineeringprofession from which a more holistic appreciation of the state of the art will be
established.

2. Literature Review

The literature review findings, as provided in section 3, start by considering competencies relevant to
the engineering profession amdoves on to how the Sustainable Development G@aisted Nations,

2015) are the essential barometer to ensure the adherence to societal imperatives for effective
engineering education strategies. Irish policy requirements pertaining to engineeringoaational
education requirements and their alignment with European requirements are subsequently
considered, as are methodologies and strategies that synergise engineering curricula with industry
needs.

3. Findings
3.1 Competencies

Defining generic compenhcies that can align to specific engineering disciplines is a significant
challenge. In general, the top skills needed by engineers are broadly encompassed within effective
problem solving, the ability to communicate, creativity and innovations skills thedability to
collaborate effectively through refined emotional intelliger{ib&ewEngineer, 2020However, with the
increasing demand for engineers, increased consideration in terms of the specific fields and disciplines
involved is necessargEngineeing UK, 2023a)Moreover, the quickening pace of technological
advancement and its effect on our society, emphasises the need to be able to identify skills, and
competencies that offer a futurproofing capability of the engineering professi@Royal Acdemy of
Engineering, 2019)This includes nurturing practical skills and creativity, alongside the development
of enabling skills such as complex problem solving and critical thinking and professional behaviours
such as ethical consideration and environmental awareness, increasingly identified as critical by
employers(Royal Academy of Engineering, 2010)s not just a case of the pace of technological
advancement, the priority of skills are also be affectad at pace. A comparison World Economic
Forum reports 202QWorld Economic Forum, 202@yhere the top 15 skills for 2025 was presented,

and the 2023 report(World Economic Forum, 2023)resented in Figure 9 and Figure 10
respectively,demonstrate the changing priority and emphasis.

1 | Analyticd thinking and innovation 9 Resilience, stress tolerance and flexibili
2 | Active learning and learning strategies 10 | Reasoning, problerolving and ideation
3 | Complex problensolving 11 | Emotional intelligence

4 | Critical thinking and analysis 12 | Troubleshooting and user experience

5 | Creativity, originality and initiative 13 | Service orientation

6 | Leadership and social influence 14 | Systems analysis and evaluation

7 | Technology use, monitoring and control 15 | Persuasion and negotiation

8 | Technology design and programming
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Figure9: Top 15 skills for 2028Norld Economic Forum, 2020)
Core skill for workers in 2023 Estimated average skill set

1. Il Analytical thinking
2. Il Creative thinking
3. Il Resilience, flexibility and agility
4. Il Mctivation and self-awareness
S. Il Curiosity and lifelong learning
6. Il Technological literacy
7. Il Dependability and attention to detail
8. Empathy and active listening
9. Leadership and social influence
10. Quality control
11. Il Systems thinking
12, Talent managamant
13. Service orientation and customer service
14, Resource management and operations
15. 1l Al and big data
16. Il Reading, writing and mathematics
17. Il Design and user experience
18. Il Mutti-lingualism
19. Teaching and mentoring
20. Il Programming
21. Marketing and media
22. Il Networks and cybersecurity
23. Emvironmental stewardship
24, Il Manual dexterity, endurance and precision
25. Global citizenship

26. Il Sensory-processing abilities

=8 Technology skills Share of companies (%) Estimated share of skill sets (%)

Figurel0Q: Core skills 2028World Economic Forum, 2023)

Professional bodies, such as ABET and ENAEE have a responsibility to define the competencies for
engineering standards. Through the ENAEEACIRframework standards and guidelines, for instance,
universities develop accredited programmes using programmneames frameworks for first and

second cycle degrees. These frameworks also need to be adaptable. In the past 5 years postings for
WINBSYQ SyaaAySSNAy3dI 22060a KI@BS AyONBIFaSR o0& ppE:
(Engineering UK, 202338An example of adaptability in respect to evolving competency emphasis is

how Engineers Ireland refined their engineering programme accreditation cr{ténigineers Ireland,

2021) These criteria, in programme area #7, provides for a focus on sustainabiityegjuirement

within engineering degrees, recognizitigat the engineering profession has a critical role to play in
sustainability and climate change mitigation and adaptation through a prioritization of the UN
Sustainable Development Goals (SDGS).

Pasow and Passow (2017) integrated a quantitative synthesis inspired byanalgtic techniques

(27 studies, 14,429 participants) and a qualitative thematic analysis (25 studies, 2,174 participants plus
36,100 job postings) to establish a comprehensivedisgeneric engineering competencies, their
relative importance, and rich descriptions highlighting interrelationsHiogire 11 below presents a
syngsis of what the study deemed to be the primary skills required in engineering in terms of
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importance and differentiation with an appreciation of the differentiation between ordinary and
outstanding engineering performan¢Passow & Passow, 2017)
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Engineer within constraints

Take initiative "*“ = Influence project direction; take multiple perspectives; seak “big-picture” understanding of the client’s
problem, its context, constnmints, and impacts; and take goal-directed initiative to exceed expectations.

Gather information “ = Maintain a drive to understand; gather information as needed by searching literature and standards,
initiating coovaing ted efforts, measuring, etc. Validate facts and assumptions.

Define constraints © - Define constraints imposed by technical and manufacturing feasibility, time, budget, business context,
codes, regulation, ethics, culture, politics, and impacts on safety, health, the environment, local community, and global society.

Think creatively "" = Think creatively when interpreting data, messuring, problem solving, designing selutions, and decision
muaking. Reframe problems, challenge constraints, conceive alternatives, envision impacts, and innovate.

Solve problems " = dentify, formulate, and sobve real-world, ill-defined, engineering problems within defined constraints.
[Effective coordination of other competencies increases the quality and timeliness of solutions.)

Design solutions = Design a system, component, or process to meet desired needs within defined constarings.

Make decisions " = Make sound decisions informed by context about grobiem solving, designing solutions, measwing, taking
risks, and engineering process (including trade-offs between gaining certainty and time expended).

Collaborate with coworkers, clients, suppliers, and other stakeholders

Communicate effectively " = Communicate effectively with people that have diverse goals and backgrounds — across
disciplines, arganizational levels, and organizational boundaries, throwgh listening, oral, written, and graphical means.

Coordinate efforts "~ = Create vision; build consensus; secure and offer willing and conscientious collaboration to achieve
goals shared with coworkers, clients, and suppliers; coordinate efforts; lead effective mestings: negatiate; and assume joint
responsibility. (Note: Coordination is distinct from formal project management that comes with authority. All engineers need
to coordinate efforts, while only a subset formally manage projects.)

Apply technical foundations

Interpret data™ = Organize, analyze, and interpret data. Question the validity and reliability of measures. Explore trends and
anomalies.

Apply knowledge = Apply knowledge of mathematics, science, and engineering in interpreting data, modeling, analysis,
estimation, and prediction for problem solving, design solutions, and measurement.

Apply skills = apply engineering tools, technigues, and information technolbogy skills that are currently necessary for engineering
practice for protlem solving, design solutions, and measurement.

Measure accurately = Measure acourately and quantify errors. Determine when testing is adequate versus when troe
experimentation is required. Design and conduct experiments.

Manage own performance

Devise process "% = Devise and manage one's own engineering process to accomplish a goal. Choose what to do, when to use a
competency, when to stop using it, and how to coordinate competencies, e g, when to gother information and coordingte
efforts. Estimate time and cost; plan; set and adjust priorities; schedule and monitor tasks; maintain standards; regulate own
waork commitments; and meet deadlines and budget.

Take responsibility = Take professional and ethical responsibility for decisions and behavior; envision and manage impacts amnd
constraints from multiple perspectives.

Expand skills = Expand skills by maintaining curiosity, admitting ignorance and error, seeking advice, learning from successes
and failures, and engaging in formal training-

R1 Rated top importance for enginesring practice; A2 Rated just below top; D Differentiates between outstanding and ondinary engineering pefarmance

Figure 11: Important skills inengineering work(Passow & Passow, 2017)

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
and do not necessarily reflect those of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

162



*

% R Co-funded by
ENGINEERS4EUROPE **** the European Union

3.1.1 The Sustainable Development Goals (SDGS)

The 2030 Agenda for Sustainable Development, adopted by the United Nations General Assembly in
September 2015, is a plan of action for people, planet, prosperity and gebuted Nations, 2015)

The Agenda incorporates seventeen Sustainable DevelopGeals with 169 targets, to be achieved

by the year 2030. The 17 Goals are integrated and indivisible and balance the three dimensions of
sustainable development: the economic, social and environmental. The Goals are universal; all
countries and all peoplkeave a responsibility to act to realise the Goals.

The Higher Education Sustainability Initiative (HESI) is an open partnership between several United
Nations entities and the higher education community launched in the-lgado the Rio+20
Conference ir2012. It is currently chaired by the United Nations Department of Economic and Social
Affairs (UN DESA) and the Sulitest Associdfatitest, 2023} a nonprofit organization and online

platform aimed at improving sustainability literacy for all. @HRN partners include UNESCO, UN
OYPANRYYSY(d tNBINIYYSSE !'b Dt2olf /2YLI OGQa t NRY
initiative, UN University, UHMABITAT, UNCTAD, UNITAR, UN Office for Partnerships, and UN Academic
Impact. Through its strong assation with the United Nations, HESI aims to provide higher education

with an interface between higher education, science, and policy making by raising the profile of higher
SRdzOF A2y Qa &aSO0G2NJ Ay &dzLJLJ2 NI A y Stakéhddaridiscusgions t S RS
and action, and sharing best practices.

Each year, HESI designates Action Groups to tackle topics related to higher education for sustainable
development. Action Groups draw upon the full HESI community to carry out its work and is often
composed of several organizations and contributors. Results are published on the HESI website and
promoted by the network. The aim of the HESI Partner Programme is to connect higher education
institutions, networks, and student organizations to create a camity of shared learning in support

of SDG integration into curricula, research, programmes and campus practices and facilitate transfer
of knowledge. The programme will draw from the diverse knowledge and experience of those working
in different circumsances. A fundamental principle of the group is that everyone has something to
offer, regardless of their stage in integrating the SDGs into their curricula, research, programmes or
campus practice@Jnited Nations, n.d.)

3.2Policy considerations

The United Nations Educational, Scientific and Cultural Organisation report (2021) highlights the crucial
role of engineering in achieving each of the 17 SDGs. It shows how equal opportunities for all is key to
ensuring an inclusive and gender balancedf@ssion that can better respond to the shortage of
engineers for implementing the SDGs. In this report, the educational approaches that have proven
effective are discussefinternational Centre for Engineering Education, 202he report highlights

the crucial role of engineering in achieving each of the 17 SDGs. It shows how equal opportunities for
all is key to ensuring an inclusive and gender balanced profession that can better respond to the
shortage of engineers for implementing the SDGs. The rdpghlights the educational approaches
Funded by the European Union. Views and opinions expressed are however those of the author(s) only
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have proven effective where educational institutions have moved from a teadtinegn system
towards a studendriven learning environment, including

f ' OGAGS tSENYAYy3I Ay (GKS Of I a DIbd® & prajedtiased YT A LJI
learning (PBL),
9 Practicerelated learning with the inclusion in the curriculum of elements devoted to later
work situations, such as internships, industry projects, entrepreneurship and innovation hubs,
and learning professional cqratencies,
1 Anincreased number of institutions have moved to a more sysigented approach where
entire institutions change their curriculum instead of single cou(&saham, 2018)

The report also highlights how with the advent of new technologegpmation, demographic
changes and employment mobility, continuous reskilling and the importance-tdigglearning (LLL),
particularly in the context of vocational education and learning and especially for achieving the SDGs
(International Centre foEngineering Education, 2021)

In the review of Education for Sustainable Development and Global Citizenship Education in Teacher
Education (2018), a review into whether learners will acquire the knowledge and skills needed to
promote sustainable developent through education for sustainable development. The report also
informed UNESCO in its preparation for the 2017 Global Education Monitoring Report (GEM) Report,
the purpose was to examine the current preparation of teachers in Education for Sustainable
Development (ESD) and Global Citizenship Education (GNEf®nal Council for Curriculum &
Assessment, 2018)n the context of ESD, the report focused on the preparation of teachers for the
compulsory school cycle in consideration of ESD and thenetsiodology to monitor the ESizlated
training of teachers, particularly at the level of initial teacher education. The report also considered
international comparisons to appreciate the best mechanisms to improver&&ed teacher
education

In a Eurpean context, there are strategies seeking to develop key competencies through the
development of skill§European Commission, 2022mcluding a vision for vocational education and
training (European Commission, 202&uropean agencies that supparboperation in vocational
training, and more spectficially, Cedefop, the European Centre for the Development of Vocational
Training, support cooperation on VET and contribute to the evolving policy agenda with the European
Commission, EU Member States autial partners to help develop, promote and implement VET,
skills and qualifications policies. Cedefop promotes knowledge sharing and policy learning. It plays a
key role in monitoring the implementation of the priorities and actions defined in the Clounci
Recommendation on VET and the Osnabriick Declaré@ioancil of the European Union, 2022)

UNESCO International Centre for Technical and Vocational Education and Training advocate how
technical and vocational education and training (TVET) is ciiiceddressing knowledge and skills
challenges to achieving the SDGs . More importantly, TVET can transmit the right mindset and attitude
among trainees and the future workforce through wedisigned education and training programmes.
However, the right paties and skills strategies need to be strengthened to maximize its impact
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(UNESCONEVOC, 2022NESCONEVOC recognizes several challenges to reaching the SDGs and
climaterelated plans of action:

Lack of awareness about sustainability

Low capacity at the levels of decision making, teaching and implementation in practice
Shortages in skills resulting in unmet labour market demands

Unsustainable patterns of consumption and production

Outdated competencies and qualifications

Lack of recogtion and assessment mechanisms for skills acquired througHheromal and
informal learning

1 Lack of targeted engagement of key actors including youth, community and enterprises

= =4 -8 -4 -8 -9

In an Irish context, aational strategy on Education for Sustainable Development was developed to

ensure that the Irish education system contributed effectively to sustainable develop{National

Council for Curriculum & Assessment, 20I8)e strategy prioritized the equipm of learners with

GKS NBfSOlIyld 1y2s6ftSR3IS 00KS WogKIFIIQouT GKS 1S& RA
WgKeQu GKIG gAatf Y2UAQ0FGS FyYR SYLR6SN GKSY KN d:
who take action for a more sustaible future(Department of Education and Skills (DES), 2014)

The Second National Strategy on Education for Sustainable Development: ESD (G@@@3tment

of Ireland, 2023)provides a framework to steer and support the contribution that the etincesector

is making and will continue to make towards a sustainable future by 2030. ESD to 2030 spans the
continuum of education in Ireland, from early learning and care to third level education and research,
and extends beyond to engage with local conmities, and youth groups through lifelong learning.
Building on the progress achieved under the first National Strategy on Education for Sustainable
Development(Department of Education and Skills (DES), 2@8P to 2030 sets out five key priority
areas for action over the coming years. Vocational education in Ireland is going through a significant
change. In the Action Plan for Apprenticeship (2021), a key deliverable identified in the context of
vocational education is the need for an agile systerspomsive to workplace change and evolving
skills needs. This deliverable acknowledges the rapid pace of workplace and broader economic change
arising from increased digital adoption, deployment of artificial intelligence solutions and the need to
become sstainable and energy efficient as priorities in Irelgigpartment of Further and Higher
Education, 2021)

Professional bodies have a significant responsibility in ensuring the future readiness of the engineering
profession in support of national ecomic imperatives.Engineers Ireland have developed a
Sustainability Pla(Engineers Ireland, 202@here under the headlinkarn live, leadandlink actions,

a series of priorities are emphasized to signpost the engineering profession in Ireland.

3.3 Curriculum considerations and Industry requirements
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In recent years, there has been an increased emphasis on research and focus on preparing engineers

for lifedlongt SI Ny Ay 3 |yR O02YLISGSyOS I gl NBy*S@adidngt N2 2SC
SYaAYySSNA FT2NJ t AFSt2y3 §SIFNYAy3 KNP Uz@mines LIS NA 2
how to enhance LLL competencies among engineering students. &mothject, PREFER (Professional

Roles and Employability of Future Engineers) investigated the need for the development of a
framework of professional roles for future engineers and the implementation of dedicated skills
education in engineering curricula train students for engineering rolé&aughan et al., 2017)

Other work considering SDG competences and engineering education Beagon et al. (2023) focused on
the a lack of agreement on which competences should be prioritised to prepare engineeiegtst

to resolve future sustainability challeng@dulder, 2017; Shephard et al., 2019he work examined

and compared the views of key stakeholders of engineering education (Academics, Employers and
Students) using (twelve) focus groups in Denmarkakd, France and Ireland. Table 1 below presents

the Focus Group outcomes of competences needed for engineers to support the SDGs

Table2: Focus Group outcomes of competences needed for engineers to support the SDGs

Technical Non-technical Attitudes
Outward Facing — People Inward Facing — Ways of Character and Ethical

Fundamental Technical Skills  Application Skills Orientated Skills Thinking World view Orientation
Mathematics Skills Multidisciplinary Skills Inter Cultural Skills Critical Thinking Global Awareness Respect for others
Digital Skills Problem Solving Collaboration Life cycle thinking Social Responsibility Open mindedness
Economic Skills Design Skills Leadership Holistic Thinking Challenging the status quo Agility
Research Skills Interpretation Skills Conflict Management Systems thinking Sustainability Awareness Adaptability
Technical Skills Conceptual understanding Negotiation Creativity Environmental Awareness Curiosity

Resources optimisation Communication® Analytical Thinking General Knowledge Empathy

Innovation Foreign Languages Stress Management Lifelong Learning Emotional Intelligence

Entrepreneurship Listening Time Management Perseverance/Grit

Decision Making Skills Respecting Diversity Self-Reflection Ethical Conscience

Learning to Learn Teamwork Multi-perspective thinking Personal engagement/agency

Project Management Inter Cultural Skills

Organisation Skills
Problematisation

*Communication was identified as a competence which included communication, foreign languages and listening skills.

The findings, mapped against competences identified in previous studies, confirmed the strong
emphasis on normative, strategic and systems thinking competences in engineering. However, the
outcomes also lack acknowledgement of anticipatory competence radiating the future oriented
perspective required to achieve sustainable developn{&sagon et al., 2023)

SouteOtero (2023) reviewed the concept of sustainability in education and its incarnation in SDG4.
Against the present challenging environmehtji NB ¥t SOGSR 2y adzaidlAylofS R
and approaches in VET, discussing its environmental, economic and social dimensions. He presents six
guiding principles to consider in the path towards ensuring sustainability in VET: 1) the aduaijpio

holistic conceptualisation, 2) inclusion, 3) responsiveness, 4) permeability, 5) human centredness in

the use of technology and 6) appropriate provision of resou(8esitcOtero, 2023)

56 https://iiw.kuleuven.be/english/trainengpdp

57 https://set.kuleuven.be/L ESEC/groups/studareerguidanceof-steamstudents/reflect
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3.3.1 Pedagogical Practices and Teaching Methodologies

Th&ore et al. (2022) in their paper give examples and strategies of how to integrate sustainability into
engineering programmes under different themes, namely 1) environmental education with practical
projects, 2)critical pedagogy with systeitiiinking and @sign thinking, 3) transnational education, 4)
synergies and tradeffs in reaching the SDGs, and 5)developing whole school pedagogical values. The
primary objective of the article was to collect and highlight the latest innovative case studies or
advancesacross disciplines to identify systemic transformative and resilient interventional drivers for
education for sustainability to provide answers to a mgtaestion. The rationale for collecting case
studies was that before delving into these systems andkihg about how we can change them, we
need to do a reality check, i.e., understand the stock of our education de(iVbakore et al., 2022)

In another studythe outcomes of focus groups held in Ireland, France, Denmark and Finland as part of
A-Step 2030 Project France, Denmark and Finland. The aim of the Focus Groups, which were held with
Engineering Academics, Engineering Students and Engineering Emplagacsprovide insights into
research questions under three different themé@eagon et al., 2019)The first theme was to
determine the extent of knowledge (of Academics, Students and Employers) about Sustainable
Development (SD) in general and the Sumsthle Development Goals (SDGS) in particular. The second
set of questions related to current Sustainable Development related activities within engineering
programmes and the third was to identify skills requirements for the future.

The keyfindings show that Energy and Environment are the words most associated with Sustainable
Development, reflecting the pillar of Environment. There is evidence of the influence of national
policies and initiatives in each country which raised awarenessratpiar issues such as Carbon Tax
(Ireland),Circular Economy (Finland), Climate and Transport (Denmark) and Innovation (France). There

was a range of views on how SD was included within engineering programmes, ranging from not
covered at all to isolatedtandalone modules, integrated modules or specific projects, which dealt

with SD. Several barriers were highlighted which prevents the integration of SD in engineering
programmes including; lack of academic staff knowledge on SD and other broad topicheand t
difficulties in changing the curriculum or finding space in the curriculum. Opportunities presented
included the use of new optional modules or the implementation of industry based or multidisciplinary
projects. Regarding the skills needed from engisetr solve the SDGs, many of the focus group
outcomes presented both technical and nrtechnical skills and highlighted the importance of a
oLtryOS 68G68Sy GKS (620 &/ 2YYdzyAOFIGAR2YéE Fa |+ &
{1LATf AERAVY NRTA OFYR 06SAY3a a90GKAOIféEéd LY GKS YIFAY
still deemed important and students, academics and employers all agreed that the Universities are

doing a good job of producing good technical engineering graduates.

There are some significant examples of SDG Integration into teaching and learning in Ireland. The
University College Cork (UC8)stainable Development Goals Toolyfbject aims to foster the
development of globallyninded and actiororiented citizens who are empowered to help create

solutions for a sustainable future. With this in mind, the SDG Toolkit project has developed and
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curated resources to support staff in iggating sustainability into learning and teaching using the lens

of the U.N. Sustainable Development Goals (SDGs). Resources in the SDG Toolkit were informed by
student and staff consultations emphasizing active learning pedagogies, including {bagestt
learning, problerrbased learning, and case studies. A Community of Interest emerged during the
development and piloting of the toolkit which makes it more dynamic and can be built on to encourage
further knowledge exchange and transdisciplinary collakion.

The REEdRethinking Engineering Education in Irelapdoject has developed an agile and innovative
framework for the design, development and delivery of engineering education in Ireland. The project
has built on the success of woileadingcutting-edge models of engineering pedagogy to deliver a
transformative programme of setfirected and selécheduled learning for the next generation of
engineers(Walsh et al., 2022)0ne of the key outputs of the project was a Bachelor of Engineering
(Hons) in Mechanical and Manufacturing Engineeriigk S aw99 RL 9y 3IAYSSNRyY 3
programme is the embodiment of an agile and innovative blendgeat degree where student
engineers get to learn using immersive technologies, such as virtual aydeated reality, and
cutting-edge models of engineering education. The student engineers time is equally divided between
on-campus activities and industry (enterprise) placement. Students spend the first two years on
campus and the final two years at a hasdustry partner gaining the essential industry skills and
personal attributes an employer looks for in a graduate engineer. The-thegerelationship between

student, university and industry is core to the approach on which the programme is desidmed. T
industry partners committed to hosting REEdI student engineers on placement range across a variety
of manufacturing sectordMedTech, Pharma, Automotive, General Manufacturing and AgriTech. The
REEdI project will provide an alternative framework foriregring education and indeed, other
undergraduate and post graduate programmes across higher education in Ireland, with an ultimate
FAY o0SAy3 F2NJ Fye 19L G2 oS loftS G2 FR2LI GKS
developed and tested.

3.3.2Microcredentials

Micro-credentials are certified documents that provide recognised proofs of the achievement of
learning outcomes from shorter, less duration, educational or training actiVislessreal & Olcott,

2022) Focusing on the validation of competerdmysed skills, outcomes and/or knowledge using

0N} yaLl NByd adryRFENRA YR NBftAlLofS |aaSaavySyda
prospects, a micraredential can be accepted for credit by an institutionapsganization or be an
attestation for employers. A microredential attests to specific knowledge or skills competencies with
defined learning outcomes anday or may nobe stacked towards larger units of accreditation
(Brown et al., 2023; Cirlan & Ldulta, 2020; DebiaiSainton, 2020) The term Alternative Digital
Credentials (ADCs) has also been used to define these credentials (ICDE & OECD) by recognizing that
not all micrecredentials are digitaMcGreal & Olcott, 2022 'he micrecredentials dndscape can be

a means of accentuating assessment and validation processes. With-aredentials existing, for

the most part- outside the formal qualifications frameworks of traditional universities and colleges,
these frameworks provide formal guides Learners will want microredentials to be transparent and

applicable to formal credentials even if they may or may not be stackable or combinable towards
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and do not necessarily reflect those of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

168



*

% R Co-funded by
ENGINEERS4EUROPE **** the European Union

higher qualifications, and in some cases may be accepted into formal certificate and/or degplige cr
programmegMcGreal & Olcott, 2022)

As observed by McGreal (2022), the global workforce and economy are at a crossroads and
organisations in the public and private sector are increasingly faced with new economic and workforce
imperatives for thedture (Georgetown University Center on Education and Workforce, 2@2ent
trends in the high cost of higher education, employer concerns about graduate skills and
competencies, and student frustrations about the lack of job opportunities have ail tetalysts for
universities, independent credentialing agencies, and leaders of national qualification reference
frameworks to rethink the broader credentials continuiatkin et al., 2020; Selvaratnam & Sankey,
2020) The trend towards microredentids and skilcompetency based training is growing globally.
The onset of the global COVID pandemic has been a catalyst for expansion of ricedentials as
unemployment and devastating economic crises during the pandemic have crippled many industries
and sectors.

{1AfftySG LNBf I yR fcredeyti@l Krogiahies forycitratd acFgBkiliet) 20028 O NP

In partnership with the University of Limerick (UL) Skillnet launched the first entetpdsmicro

credential programmes dedicated tolimate action in Ireland. The stackable micredentials,

RSOPSt 21LISR o0& {1AftySitG LNBtlyRQa /ftAYLIGS wSIFRe !
sustainability charters and action plans for their organisation across the areas of energinaifity

and waste and circularity while also achieving recognised thirdl certification on the National

Framework of Qualifications. The miaredentials may be stacked, over time, leading to a full Level

7 award accredited by the University offrigrick.

¢KS LINPINIYYSE fldzyOKSR ¢gSNB (KS W9ySNH& [ Sk RSNE
0KS W{dadlAylroAftAde [SIFIRSNAQ LINRPINIYYSa HKAOK I N
developing practical environmental improvements foeir businesses. In 2022, Skillnet Ireland, in
partnership with the Economic and Social Research Institute (ESRI), published research on talent
requirements for the green econon(@iedschlag et al., 2022)he report found specific skills gaps

which areholding back businesses when it comes to developing and implementing sustainability
A0NF GS3IASad ¢KS ySg LINRPINIYYSa INB 2yS 2F {(1Aff
these identified barriers.

Micro-credentials may not be a panacea fasolving (education) institutional challenges, but they
may provide strategic value in their integration with other major institutional initiatiiddsGreal &
Olcott, 2022)

4. Discussion
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The review presented herein is primarily to establish a snapshiesues at the heart of the challenges

that the E4E project aims to address. Indeed, the first survey collated by the E4E partners will instead
offer a perspective into the state of the art as perceived by engineering stakeholders, there are a
number of points that can be drawn as reference points against which the survey outputs can be
critigued and considered.

1. Irrespective of whether future engineering curricula are formal, or through instruments that
Oy 06S wWaidl O1 SRQ Ay 2e, & sigAifeaddchallengg idzhotv fedirin®is G A 2 v
organized to be synergized with industry requiremenqtsr even preemptive of industry
challenges

2. The skills and competences required by engineers are well established, but they need
refinement to facilitate(Beagon et al., 2023; Engineering UK, 2023b; World Economic Forum,
2023)

3. The Sustainable Development Goals need to be adopted by higher education providers as the
primary framework steering engineering educati@overnment of Ireland, 2023; Thakore et
al., 2022) with policy supporting this strategy for enducation

4. Education strategy and the embracement of the SDGS needs to be adopted for VETs as well as
HEIs(European Commission, 2022b, 2023; International Centre for Engineering Education,
2021)

5. Notwithstanding some of the established (and funded) projects/research looking to align
curricula considerations with industry requiremeri{Beagon et al., 2019; Bourn et al., 2018;
Thakore et al., 2022; Walsh et al., 2022pre exemplag and widerreachirg ¢ example are
needed to represent the wider European educational diversity to facilitate a unified European
priority

6. Micro credentials, while offering flexibility, agility and choice for broader education that might
be integrated into specific disciplimequirements(McGreal & Olcott, 2022; Siedschlag et al.,
2022; Skillnet, 2028 ¢ KS& R2y QG FFOAEAGFIGS F LIyl OSEF F2
future needs challenggdicGreal & Olcott, 2022)
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2.2.2 Analysis by Engineers Ireland)(El

Introduction

The engineering profession is undoubtedly one of the most cindiastries in Ireland, and it is no
secret that the country has been heavily investing in innovation and technology. As a result, the
engineering sector in Ireland has been experiencing steady growth in recent years, and Engineers
Ireland has conducted extisive research to provide a comprehensive overview of the industry's current
state. The annual "Engineering Barometer Report" is an invaluable resource for understanding
engineering employment, infrastructure and careers, engineering education, andhabiitgi in

Ireland.

According to the findings of Engineers Ireland, the engineering profession has played a pivotal role in
Ireland's economic growth and development. The demand for engineers has increased significantly, and
this has resulted in almost0 new engineering jobs being expected by 2023. However, the number

of engineering graduates remains consistent at around 6,000 stu@éBss, 2023)which has led to a
significant gap between the supply and demand of engineethe country. This has become one of

the biggest challenges facing the engineering profession in Ireland, with finding experienced engineers
to support existing projects becoming increasingly difficult.

Despite this challenge, Engineers Ireland has bemking hard to promote engineering as a career
choice, and this has led to an increase in the number of students choosing to study engineering. The
Engineering Barometer Report also highlights the importance of sustainability in the engineering
professon and the need for engineers to be equipped with the necessary skills to design and implement
sustainable solutions.

The engineering profession is critical for driving innovation, infrastructure development, and economic
growth in Ireland. While there asmme challenges facing the industry, the future looks bright with the
continued focus on innovation and technology in the country.

Quantitative indicators and qualitative descriptions on the evolving nature of the engineering profession

The following gantitative indicators and qualitative descriptions were developed thrqugary
research conducted using two online surveys launched on 9 June 2023 to a targeted group of
stakeholders within the Engineers Ireland community.

The findings below reflect thresults of the survey on 23 June 2023.

These findings are complemented by an online survey (The Engineers Ireland 2023 Salary Survey) with
a dedicated section comprising questions regarding digital, green, entrepreneurial and resilience skills,
which wasonducted in February 2023.

Primary research survey 1 (June 2023):

Of the total respondents indicating Ireland as the country where they are professionally active, 91%
were engineering professionals and 9% engineering academics.
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Status

m Engineering professionals = Engineering academics

Representation was spread across industries with Civil, Consulting, Construction, Electrical/Electronic
and Utilities best represented.

Representation from industry

N
A

<

= Building Services = Civil = Consulting
Construction = Electrical/Electronic = Utilities

= Chemical and Proce msEducation = Energy

= Local Government = Manufacturing = Medical

In terms of engineering experience, respondents were mainly engineering professionals with more than
Mmn &SI N#ic& SELISNRS

Engineering experience

m < 3 years

= 3-5 years
= 5-10 years
> 10 years

94% of respondents were male, with only 6% female.
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Gender

= Male

= Female

On the question of perceived or expected potential changes in the engineering profession over the next
five years, greatest significance was given to increased emphasis on sustainability anchentai
concerns.

Q7: Rate the perceived or expected potential changes in the
engineering profession over the next five years

More interdisciplinary collaboration between
engineering and other fields such as medicine and social
sciences

Advancements in materials science leading to new:
products and technologies

Greater use of automation and artificial intelligence in
engineering processes

Increase emphasis on sustainability and environment
concerns

0 5 10 15 20 25 30 35

Not very significant m Somewhat significant m Significant m Very significant m Extremely significant

In terms of the soft skills needed for working successfully in the engineering profession to make a
promising career, collaboration and communication skills rated highest.
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Q8: Rate the soft skills needed for working successfully in the
engineering profession to make a promising career

Adaptability skills

Time management skill

Critical thinking skills I
Collaboration skills I
Leadership skills I
Communication skils I

0 5 10 15 20 25 30 35

Not very significant m Somewhat significant m Significant ® Very significant m Extremely significant

In terms of the challenges amghportunities the engineering profession encounters while adapting to
the changing demands for skills and competencies, addressing environmental and sustainability
concerns was ranked most significant.

Q9: Rate the following challenges and opportunities the
engineering profession encounters while adapting to the
changing demands for skills and competencies.

Meeting evolving client and stakeholder expectations' [ NNEGEGGEGEGENNGE
Addressing environmental and sustainability conceriSHnnn
Adaptlng to Changing global, economic and polltlcal _
conditions
Keeping up with emerging technologies and their impaet _
on the profession
Attracting and retaining a diverse workforcé U NN

0 5 10 15 20 25 30 35

Not very significant m Somewhat significant m Significant m Very significant m Extremely significant
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When addressing educational strategies for tragjréngineers to become conscientious engineers who
prioritize sustainable practices in their work, encouraging experimental learning and phatdedh
learning opportunities to develop ethical decisimaking skills was rated highest.

Q10: Rate the following educational strategies for training
engineers to become conscientious engineers who prioritize
sustainable practices in their work.

Inspiring engineers to prioritize ethical practices throug_
other means
Increasing public awareness and demand for ethi_
engineering practices
Providing role models and mentorship programs f_
ethical engineering practices
Encouraging experimental learning and problem-basm
fSENYAY3I 2LIRNIdzyAlASa Adl
Offering workshops and training programs on ethi(SHEEE
Incorporating ethical topics into the engineerin_
curriculum
0 5 10 15 20 25 30 35

Strongly disagree m Disagree m Neutral mAgree ®|Strongly agree

When asked how thengjineering profession can foster diversity and inclusion in the workplace and in
the development of solutions to societal challenges, building diverse and inclusive teams rated highest.

Q11: Rate how the engineering profession can foster diversity
and inclusion in the workplace and in the development of
solutions to societal challenges.

Providing mentoring and support programs for

underrepresented groups _

Building diverse and inclusive teamSi N

Creating awareness and education campaigns o_
diversity and inclusion

Promoting diversity and inclusion policies and practicESinnEE

0 5 10 15 20 25 30 35

Strongly disagree m Disagree m Neutral mAgree mStrongly agree
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In terms of initiatives in order of priority for attracting moreedée talent to the engineering profession,
reducing implicit bias in the hiring process for engineering positions, and offering diversity and inclusion
training for engineering professionals and organisations rated highest:

Q12: Rank the following initiatives in order of priority for
attracting more diverse talent to the engineering profession

Reducing implicit bias in the hiring process for
engineering positions

Offering diversity and inclusion training for engineering
professionals and organizations

Developing mentorship and networking programs for
underrepresented groups in the engineering profession

Providing scholarships, fellowships, or other financial
incentives to underrepresented groups pursuing
engineering degrees

Increasing awareness and outreach eorts to
underrepresented groups in STEM fields

0 5 10 15 20 25 30 35

#1 Priority m#2 Priority m#3 Priority m#4 Priority m#5 Priority

The most promising areéar innovation and technological development in the engineering profession
to promote sustainable practices and SDGs were renewable energy, green infrastructure and
sustainable agriculture and food systems rated highest.

Q13: Rate what are the most promising areas for innovation
and technological development in the engineering profession
to promote sustainable practices and SDGs.

Sustainable manufacturing and M ate i o |
Sustainable agriculture and fOOd Sy St TS
Digital technologies and SMmart Citi e s s S
Sustainable tranS PO ALt O ) 5

Circular economy and cradle-t0- Cradle O e S i
Grreen INfrastru C U € |1
ReENEWal|© € N (1

0 5 10 15 20 25 30 35

Not very significant m Somewhat significantm Significant ® Very significant m Extremely significant
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When asked what are the main bexical skills and competencies that engineers will need to develop to
contribute to the transition to a more sustainable economy, understanding of sustainable design
principles, understanding of circular economy principles and knowledge of renewable snetps
ranked highest.

Q14: Rate the main technical skills and competencies that engineers
will need to develop to contribute to the transition to a more
sustainable economy.

Familiarity with sustainable transportation o —
Ability to develop sustainable supply chain strategi€s S
Knowledge of sustainable manufacturing techniqués o I ——

Proficiency in using life cycle assessment toals I —
Expertise in environmental impact assessment I
Understanding of circular economy principleSu e
Knowledge of green building technique s
Understanding of sustainable design principl S
Knowledge of renewable energy sourceSi e —

0 5 10 15 20 25 30 35

Not very significant Somewhat significant m Significant ® Very significant ® Extremely significant

Which new skills and competencies engineers need to develop to respond to the challenges of climate
change according to respondents were above all green building and energy efficiency as well as climate
adaptation and resiliengaanning.
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Q15: Rate what new skills and competencies engineers need to
develop to respond to the challenges of climate change.

Corporate sustainability strategy and management

Environmental impact assessment and managemen

Climate adaptation and resilience planning I e
Sustainable transportation desigriii e

Green building and energy efficienc il e
Circular economy and resource managemefifl e
Sustainable infrastructure desigriii e

Climate modeling and analysi§ T e

0 5 10 15 20 25 30 35

Not very significant Somewhat significant m Significant ® Very significant m Extremely significant

Influence and informing the public and policymakers on energy efficiency and renewable energy was
rated highest when asked what societal role engineers can play in promoting green energy and energy
efficiency.

Q16: Rate what societal role engineers can play in promoting green
energy and energy efficiency.

Invest in research and development of sustainable technologies

: T
and solutions
Collaborate with other stakeholders, such as policymakers and e

NGOs, to promote sustainable practices

Provide technical expertise and advice to business, especially_

SMEs to promote sustainable practices

Collaborate with other professionals to develop interdisciplinary_

solutions that leverage technology

Influence and informing the public and policymakers on ener_

efficiency and renewable energy

Conduct research on energy efficiency and renewable encjiy
Demonstrate the implementation of new technologies for ener_

efficiency and renewable energy

0 5 10 15 20 25 30 35

Not very significant Somewhat significant ® Significant m Very significant ® Extremely significant
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When asked how thengineering profession can leverage the potential of digital technologies to
support SDGs and promote sustainable practices, developing new software and tools that facilitate
sustainable decisiemaking rated highest.

Q17: Rate how you think the engineering profession can leverage the
potential of digital technologies to support SDGs

By leveraging blockchain technology to enable transparent and _
sustainable supply chains
By promoting the use of dlgltal platforms for sustainable _
collaboration and knowledge sharing
By using data analytics and Al to optimize energy and resourceSHEN S
By developing new software and tools that facilitate SUStaina_
decision- making

0 5 10 15 20 25 30 35

Not very significant Somewhat significant ® Significant ® Very significant ® Extremely significant

SURVEY 2

Of those surveyed indicatj Ireland as the country where they are professionally active, 76% were
engineering professionals and 24% engineering academics.

Status

m Engineering professionals = Engineering academics

Representation was from across industry with Utilities, Civil, Consulting, and Education most
represented.
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Representation from industry

= Representation from industry = Asset Management
= Building Services Civil

= Consulting = Construction

= Airports = Utilities

= Tech Design = Education

= Railways = Manufacturing

In terms ofengineering experience, 16% had betweans & S| NEQ SELISNA Sy OS
Y2NB GKIy mn 8SFENBQ SELSNRASYyOSO®

Engineering experience

= Engineering experience = < 3 years = 3-5years = 5-10 years = > 10 years

76% respondents were male and 24% were female.
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Gender

= Male = Female

When asked what changes should be made to the engineering education and {paggrams to

better prepare students for the evolving nature of the profession, more practical and hands on
experience through internship and apprenticeships and exposure to emerging technologies and their
potential applications in engineering rated highest

Q7 Rate what changes should be made to the engineering education
and training programs to better prepare students for the evolving
nature of the profession.

More practical and hands on experience through internship an(_
apprenticeships

Exposure to emerging technologies and their potential

applications in engineering B

Greater focus on soft skills development, such as

communication, language skills and management skills _

Integration of sustainable and ethical practices into the

curriculum I
More emphasis on interdisciplinary and cross-functional _
collaboration
0 5 10 15 20 25 30

Not very significant Somewhat significant ® Significant ® Very significant ® Extremely significant

When rating what new approaches to formal engineering education and training are necessary to
prepare engineers for the challenges of the 21st ceniutggration of emerging technologies and
practices into the engineering curriculunmtegration of landson and experiential learning
opportunities and emphasis on communication and collaboration skills in engineering were rated
highest.

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
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Q8: rate what new approaches to formal engineering education and
training are necessary to prepare engineers for the challenges of
the 21st century.

Development of flexible, customized and short training e
programs

Integration of emerging technologies and practices into t
engineering curriculum

Emphasis on communication and collaboration skills ir_
engineering
Integration of hands-on and experiential learning TS
opportunities
Greater focus on social and ethical issues related.to e
engineering
Incorporation of sustainability principles in engineerin_
courses
Emphasis on interdisciplinary and systems thinking" [ IR S

0 5 10 15 20 25 30

Not Required m Somewhat required ® Required mVery required = Paramount

When ranking CPD courses in order of priority, entrepreneurship and leadership (management skills)
and ethics in egineering came out highest.

Q9 rank the following CPD courses in order of priority

Innovation and sustainability (SDGS) - e
Ethics in engineering I INEEEEGEENENE
Soft skills development (language skills, writing skills and overall _
communication skills)
Technical skills development in your specific field of engineering - e
Entrepreneurship and leadership (management skills) [N
0 5 10 15 20 25 30

#1 Priority m#2 Priority m#3 Priority m#4 Priority ®#5 Priority

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
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When asked which engineering discipline will have a serious concern due to the future shortages of
skilled engineers electrical/electronic and civil came out highest.
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When rating the policies and initiatives@giional and national levels that can effectively address digital,
green, resilience and entrepreneurship skills shortages/mismatches in the engineering profession, most
options ranked similarly with provide financial incentives for training and develbpmagrams
deemed the least effective.

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
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Q11 Rate the policies and initiatives at regional and national levels
that can effectively address digital, green, resilience and
entrepreneurship skills shortages/mismatches in the engineering

profession?

Implement regulations and standards

Invest in research and development

Establish partnerships between industry and educational
institutions

Provide financial incentives for training and development
programs

0 5 10 15 20 25 30

not effective Somewhat effective m Effective m Very Effective ® Extremely effective

When asked how can engineering professionals better collaborate with other stakeholders, such as
policymakers, NGOs, and civil society organisations, to achieve SDGs, participation in policymaking and
decisionmakirg processes rated highest.

Q12: rate how can engineering professionals better collaborate with
other stakeholders, such as policymakers, NGOs, and civil society
organisations, to achieve SDGs?

Engagement with local communities and civil society.

organisations I

Participation in policymaking and decision making proces {ESHEn .
Joint initiatives and projects with stakeholder S

Regular meetings and discussions with stakeholders ™ NS

0 5 10 15 20 25 30

not effective Somewhat effective m Effective mVery Effective m Extremely effective

When rating policies and initiatives at regional and national levels to address digital, green, resilience,
and entrepreneurship skills shortages/mismatches in the engineering profession, encourage
universities and technical lswols to collaborate with industry to develop a formal or informal
curriculum that aligns with the needs of the job market and increase funding for research and
development in emerging technologies that require new skills and competencies came out on top.
Funded by the European Union. Views and opinions expressed are however those of the author(s) only
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Q13:Rate the following policies and initiatives at regional and national
levels to address digital, green, resilience, and entrepreneurship skills
shortages/mismatches in the engineering profession

Collaborate to develop micro-credential with input from
Gy A OSNEAGASA FyR 0KS LINKGOMISENISOU I s o
Increase funding for research and development in emerging _
technologies that require new skills and competencies
Provide tax incentives for companies that invest in sustainable _
practices and green technologies
Encourage universities and technical schools to collaborate with
AYRAZAGNE G2 RSOSt2L) b Fa Nyt IS .«
Establish public-private partnerships to fund and Support _
training programs
Provide financial incentives for companies to invest in employee _
training and development programs
0 5 10 15 20 25 30

not effective Somewhat effective m Effective m Very Effective m Extremely effective

When asked to rate the kind of support and resources you think are necessary to promote
entrepreneurship among engineers, networking and mentorship opportunities came out on top.

Q14 rate the kind of support and resources you think are necessary
to promote entrepreneurship among engineers.

Policy and regulatory support -

Mandatory company internship after graduation | |
Networking and mentorship opportunities NG

Education and training on sustainable entrepreneurship NG

0 5 10 15 20 25 30

Not Required m Somewhat required m Required m Very required ® Paramount

When rating the specific measures that engineering professional orgyamésean take in supporting
and promoting entrepreneurship among their members, encourage interdisciplinary collaboration and
innovation within the engineering community through workshops, seminars etc. came out on top.

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
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Q 15: rate the specific measures that engineering professional
Organisations can take in supporting and promoting entrepreneurship
among their members.

Encourage interdisciplinary collaboration and innovation within _
the engineering community through workshops, seminars etc

Develop partnerships with business incubators and accelerators [ NN

Provide advise on funding and startup support for engineering- _
related ventures

Creating a network of business and advisorS R

Providing short entrepreneurship training and education _
programs

0 5 10 15 20 25 30

not effective Somewhat effective m Effective m Very Effective m Extremely effective

When asked what specific meassirngou believe should be taken to encourage an entrepreneurial
mindset among engineers, encourage partnerships between engineering schools and local businesses
to foster entrepreneurship ranked highest.

Q16: Rate the specific measures you believe should be taken to
encourage an entrepreneurial mindset among engineers.

Encourage partnerships between engineering schools and I_
businesses to foster entrepreneurship
Create financial incentives, such as tax breaks or grants, for _
engineering startups
Offer training programs on entrepreneurship and business _
management for engineering students
Provide business incubators and accelerators for engineering _
startups

0 5 10 15 20 25 30

not effective Somewhat effective m Effective mVery Effective m Extremely effective

In the 2023 Salary Survey, Engineers Ireland meswbkere asked to rank the most important skills in
the coming 10 years under the headings of Green Skills, Digital Skills, Resilience Skills, Entrepreneurial
Skills and Other SkillEhe results were as follows:

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
and do not necessarily reflect those of the European Union or the European Education and Culture
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Er\iglETE[E\IRS Green Skills

% of 420 12 Active Travel 1%
Ranking Topic responses i; D‘:f" 1::
1 Sustainability 7% 12 Energy Efficiency 1%
2 Carbon Accounting 5% 12 ESG 1%
3 Life Cycle Analysis 4% 12 Green Design 1%
4 Decarbonatisation 4% 12 Hydrogen 1%
5 Sustainable Design 3% 12 Green Materials 1%
6 Renewables 3% 12 Lean 1%
" 12 LEED 1%

6 Recycle Materials 2% Nature-based
6 Circular Economy 2% 12 solutions 1%
6 Environment 2% 12 Net Zero 1%
6 Green Procurement 2% 12 Solar 1%
6 SUDs 29 12 Wind 1%
27 Biodiversity 0.5%
27 Retrofitting 0.5%
6 Sustainable Materials 2% 27 Nuclear 0.5%

ENENEERE Digital Skills
RELAND
Ranking Topic % of 371 responses 11 Revit 2%
1 BIM 22% 12 ED) 2%
0,
2 Al 17% 13 Communications 1%
0,
3 Data 11% 14 loT 1%
4 Coding 6%
15 Cloud 1%
5 Software 4%
15 Digital Twin 1%
6 AR/VR 3%
H 0,
7 Autormnation 39 16 Collaboration 1%
0,
8 Microsoft Suite 3% 16 CAD 1%
8 Remote Working 3% 16 GIS 1%
9 Programming 2% 16 14.0 1%
10 Modelling 2% 16 Parametric Design 1%

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
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E'\iglET/EERS Resilience Skills
Ranking Topic
1 Adaptability
2 Mental Wellness
2 Remote Working
4 Communications
5 Stress Management
5 Work Life Balance
7 Workload
7 Influencing/Negotiating
7 Change Management
10 Time Management
11 Crisis Management

EWELT,&ENRS Entrepreneurial Skills
Ranking Topic
1 Financial Acumen
2 Creativity
3 Innovation
4 Start up
5 Technology
5 Management

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
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BLIGINEERS Other skills
Ranking Topic

1 Communications Skills
2 Management Skills
3 Interpersonal Skills
4 Influencing Skills

5 Leadership Skills

6 Problem Solving Skills
7 Financial Acumen

8 Diversity & Inclusion
8 Presentation Skills
10 Commercial Skills

Trends in théengineering Profession in Ireland

The engineering profession in Ireland is broad and encompasses all major disciplines of engineering.
According to the Industrial Development Authority (IDA), the engineering sector attracts renowned
companies like Liebhetdenkel, Element Six, Sulzer and Thermoking. The sector contributes more than
epPc OAffAR2ZY lyydzrfteée (G2 LNRAAK SELRNIA&AX sAGK GKS
in Ireland and four of the top 10 global engineering design firnes GBA Ireland, 2023)

Ireland is the European location of choice for growing numbers of industrial engineering and technology
companies in manufacturing, research and innovation. Remaining ninth in the European leagiie table

the most attractive investment opportunities for Foreign Direct Investment (FDI) according to the
European Attractiveness survey in 20RTE, 2023) KA a A& € NASf& RdzS G2 GKS
occurred in 2018. Many international engineering firms have recently expanded their operations in
Ireland to serve European, Middle East and African markets.

In the coming years, Ireland will expederglobal trends that can either provide opportunities or pose
challenges similar to Atlantic storms. These "megatrends" have been identified by the Irish Academy of
Engineers (IAE) as having a global impact, and they will greatly influence employrmeotietydn

Ireland beyond 204@The Irish Academy of Engineering, 20R8) areas that see significant activity in
engineering in Ireland are:

1 Technological Advancements

1 Sustainability and Renewable Energy
I Pharmaceutical nmfacture

1 Digitalisation and Data Analytics

1 Remote Working

Technological Advancements: Rapid advancements in technologies such as artificial intelligence, the
Internet of Things (IoT), robotics, and automation are transforming the engineering landscelpadn
Engineers are leveraging these technologies to enhance productivity, improve efficiency, and develop
innovative solutions across various sectors.

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
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Sustainability and Renewable Energy: Ireland increasingly emphasises sustainability and renewable
energy sources. Engineers are at the forefront of developing and implementing green technologies,
including wind farms, solar energy systems, and ergffgyent infrastructure. The focus on
sustainability presents significant opportunities for engineeistdribute to Ireland's climate goals.

¢tKAa OFy 0SS aSSy Ay (GKS 3A20SNYYSydQa (Dept. ofyhe (12 K1 ¢
Environment, Climate and Communications, 2023 R I f 42 08 9y 3IAyRetllE L NBf
9y @A NRY YS Hngireersdréland, A0R3) f S

Pharmaceutical manufacture: The pharmaceutical sector in Ireland significantly contributes to the
O2dzy iNEQa SO2y2Yeésx SYLX2eYSyidx I yaRglobalyhe®@r GA 2y ®
pharmaceutical manufacturing, research and development. With chemicals and related products being
2yS 2F GKS fFNHS&G SELRNISR LINRBRdzOG& LNBf I yR LINE
in April 2023 Central Statistics Office, 2023)

Digitalisation and Data Analytics: The digitalisation of engineering processes and the utilisation of data
analytics are becoming increasingly important. Engineers are leveraging advanced software tools,
simulationmodels, and data analytics to optimise designs, analyse complex systems, and improve
decisionmaking processes. Building Information Modelling (BIM) is a good example of this. BIM s a
process for creating and managing information on a construction pragecss the lifecycle of the
project, which adheres to I.S. EN ISO 1983018. The Irish government have stated it will require BIM

on complex projects from 2018lational Standards Authority of Ireland, 2023)

Remote working: Remote and hybrid working has changed the competitive landscape for cities, regions,
and countries. To attract top talent, Ireland needs to prioritise enhancing its overall quality of life.
Modern amenities, strong community engagement, aetldeveloped infrastructure can differentiate
Ireland. Personal taxation and affordable housing are also important factors. By embracing a holistic
approach and addressing practical issues, Ireland can position itself as an alluring destination for
talented individuals who can work and live in different locations.

Opportunities in the Engineering Profession in Ireland

Infrastructure Development: Ireland's growing economy and expanding population create opportunities
for engineers involved in infrastiiuce development projects which include transportation, housing,
water management, and renewable energy. The government's unwavering commitment towards
investing in critical infrastructure creates a conducive environment for engineering professionals.
Espeially in terms of information development, Ireland's high level of communication infrastructure,
thanks to the national broadband plan (NBP), is noteworthy. The NBP is an initiative by the government
to provide highspeed broadband services to all premise Ireland. It will be accomplished through
investment by commercial enterprises along with the State's intervention in those regions where private
companies have no investment plans. The NBP will reach 560,000 premises and over 1.1 million people.
(Dept. of the Environment Climate and Communications, 2020)

Research and Development: Ireland has a strong focus on research and development (R&D), with
various initiatives and funding programs supporting innovébapt. of Further and Higher Education,
Research, innovation and Science220Engineers have opportunities to work on cutéuge R&D
projects, collaborate with academic institutions, and contribute to technological advancements in
diverse fields. This research and development is important in attracting foreign diesttiawnt (FDI),

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
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I ARSR o0& LNBflyRQa 3INBgAYy3I NBLIzOIl GA2yOCoanell] 3IAf 20
2023) Irish companies are also involved in space research as part of the European Space Agency (ESA)
with 94 conpanies being involved in developing components for active space missions in 2021
(Enterprise Ireland, 2021)

Foreign Direct Investment: Ireland's favourable business environment, skilled workforce, and strong
engineering capadlities have attracted significant FDI from multinational companies. This influx of FDI
presents opportunities for engineers to work on innovative projects and contribute to Ireland's position
as a global hub for technology and engineering.

FDI plays a sifficant role in the Irish economy, and it will remain important in the future. IDA Ireland

KIa RSOStE2LISR I adNIGS3es OFfttSR &BNAWAIKEANWS 02 @3S
2021) The strategy focuses @rowth, Transformation, Regions, Sustainability, and Impact. It outlines

key targets that the Agency is working towards to encourage and expand investment by international
companies in the coming years.

Another opportunity for the engineering professionireland is its focus on renewable energy. The
government has set ambitious targets for renewable energy usage, and greenhouse gas reductions by
2030 in various sectorfDept. of the Taoiseach, 2021)

Electricity: 6281%

Transprt: 42-50%

Buildings: 466%

Industry/Enterprise: 241%

Agriculture: 2230% reduction

Land Use, Land Use Change and Forestry (LULUG8%% 37

E R I

These targets are admirable, but engineers will play a crucial role in achieving them. The sector is also
expected to benefit from the increasing demand for electric vehicles and smart cities.

Challenges in the Engineering Profession in Ireland

Skills Shortage: One of the primary challenges in the engineering profession in Ireland is the shortage of
skilled pofessionals. The demand for engineers exceeds the available talent pool, particularly in
specialised areas such as data analytics, cybersecurity, and renewable energy. Addressing this shortage
requires a focus on education and training initiatives to lbgva pipeline of skilled engineers. Ireland
already ranks third in theate of thirdlevel education attainment globally, at 54%, as compared with an
average of 419%0OECD , 2022Howevergven with such a high take of thirdlevel education, there

are insufficient numbers of graduating engineers, which remains consistent at around 6,000 students
graduateqHEA, 2023)er year.

One of the key challenges facing the engineering profession in Ireland is the shortage of skilled
professionals with five years or more experience. Although there has been an increase in the number

of students pursuing engineering degrees, there is sidjraficant gap between the demand and supply

2F SYyaAYySSNA® ¢KAa Aa AffdzaldNIGSR 2y GKS 3I23SN
disciplines of engineering professionals as a sho(tage.ie, 2021)
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Despite he shortage of skilled professionals, the engineering sector in Ireland has numerous
opportunities. With almost 8,000 jobs expected in 2023 according to the Engineers Ireland barometer
report 2023(Engineers Ireland, 2023)re country's strong focus on innovation and technology makes

it an ideal location for engineering firms to set up shop. Ireland’'s membership of the EU and its
favourable business environment also makes it an attractive destination for engineering companies.
Gender diversity has been a historical issue in engineering in Ireland and internationally. Women remain
an untapped resource within the engineering profession.

Brexit Implications: Brexit has introduced uncertainties for the engineering professiomand,lre
particularly in terms of trade, regulatory standards, and collaboration with the United Kingdom.
Engineers need to adapt to changing regulations and explore new opportunities in the European Union
and global markets.

Conclusions from PrimaResearch
Sustainability

From our primary research group we learned that in terms of potential changes in the engineering
profession over the next five years, greatest significance is given to increased emphasis on sustainability
and environmental concernand that addressing skills and competencies in this space is most
significant. As far as technical skills and competencies that engineers will need to develop to contribute
to the transition to a more sustainable economy, understanding of sustainablen gesigiples,
understanding of circular economy principles and knowledge of renewable energy sources ranked
highest. The skills and competencies engineers need to develop to respond to the challenges of climate
change according to respondents were aboVgralen building and energy efficiency as well as climate
adaptation and resilience planning.

In terms of specific skills development, topics such as sustainability, sustainable design and sustainable
materials ranked high among Engineers Ireland memtersedl as carbon accounting, difgcle
analysis, decarbonisation and renewables.

Innovation and Technological Development

Looking at innovation and technological development, the most promising areas ranked by respondents
for innovation and technologicdevelopment in the engineering profession to promote sustainable
practices and SDGs were renewable energy, green infrastructure and sustainable agriculture and food
systems.

When asked how the engineering profession can leverage the potential of dighablogies to
support SDGs and promote sustainable practices, developing new software and tools that facilitate
sustainable decisiemaking rated highest.

Building Information Modelling was the leading skill requirement for Engineers Ireland members under
the heading of Digital Skills, followed by Al, Data, Coding and Software.

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
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Soft Skills and CPD Courses

Looking asoft skills needed for working successfully in the engineering profession to make a promising
career, collaboration and communication skitine out on top. And en ranking CPD courses in order

of priority, entrepreneurship and leadership (management skills) and ethics in engineering came out
highest.

Engineers Ireland members ranked communication skills, management skills and intergisnal
highest as well as adaptability, mental wellness, and remote working.

Diversity and Inclusion

When asked how the engineering profession can foster diversity and inclusion in the workplace and in
the development of solutions to societal challenges, building diverse and inclusive teams rated highest.
In terms of initiatives in order of priority fati@cting more diverse talent to the engineering profession,
reducing implicit bias in the hiring process for engineering positions, and offering diversity and inclusion
training for engineering professionals and organisations rated highest.

Education

When addressing educational strategies for training engineers to become conscientious engineers who
prioritise sustainable practices in their work, encouraging experimental learning and pbatded
learning opportunities to develop ethical decisiaaking Kills was rated highest. Similarly, when asked
what changes should be made to the engineering education and training programs to better prepare
students for the evolving nature of the profession, more practical and fanmdgperience through
internship anl apprenticeships and exposure to emerging technologies and their potential applications
in engineering rated highest.

Of the new approaches to formal engineering education and training necessary to prepare engineers
for the challenges of the 21st centuigfegration of emerging technologies and practices into the
engineering curriculunintegration of hand®n and experiential learning opportunities and emphasis

on communication and collaboration skills in engineering were rated highest.

Influence and Public Policy

Influence and informing the public and policymakers on energy efficiency and renewable energy was
rated highest when asked what societal role engineers can play in promoting green energy and energy
efficiency.
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When asked how caengineering professionals better collaborate with other stakeholders, such as
policymakers, NGOs, and civil society organisations, to achieve SDGs, participation in policymaking and
decisionmaking processes rated highest.

When rating the policies andtiatives at regional and national levels that can effectively address digital,
green, resilience and entrepreneurship skills shortages/mismatches in the engineering profession, most
options ranked similarly with provide financial incentives for trainimd) development programs
deemed the least effective.

When rating policies and initiatives at regional and national levels to address digital, green, resilience,
and entrepreneurship skills shortages/mismatches in the engineering profession, encouragéianiver

and technical schools to collaborate with industry to develop a formal or informal curriculum that aligns
with the needs of the job market and increase funding for research and development in emerging
technologies that require new skills and compeies came out on top.

Entrepreneurship

When asked to rate the kind of support and resources necessary to promote entrepreneurship among
engineers, networking and mentorship opportunities came out on top.

When rating the specific measures that engineeprafessional organisations can take in supporting
and promoting entrepreneurship among their members, encourage interdisciplinary collaboration and
innovation within the engineering community through workshops, seminars etc. are deemed most
effective. Whenasked what specific measures you believe should be taken to encourage an
entrepreneurial mindset among engineers, encourage partnerships between engineering schools and
local businesses to foster entrepreneurship ranked highest.

Developing financial acumg creativity and innovation were ranked highest by Engineers Ireland
members under the heading of Entrepreneurial Skills.

Conclusion and Recommendations

The field of engineering in Ireland is experiencing exciting transformations driven by technological
advancements, sustainable goals, and the move towards digitisation. Despite facing challenges such as
skills shortages and uncertainties arising from Brexit, there are numerous opportunities emerging in
areas such as infrastructure development, researath fareign direct investment. By embracing these
trends and overcoming obstacles, engineers in Ireland can shape a promising future and contribute to
the country's sustainable growth.

Key recommendations for the engineering profession based on the als®azrake are:

1. Ireland must continue to foster and encourage collaboration between engineering
professionals, academia, and industry through networking events, conferences, and
knowledgesharing platforms.

2. The transition to reducing greenhouse emissions requa skilled workforce capable of
implementing innovative solutions. Investment in education and skills development,
particularly in STEM, should be prioritised to ensure a sustainable talent pool going into the
future. This ranges from increased appresships and technician education to degleel
engineering qualifications.
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3. Create a favourable environment for engineering entrepreneurship and startup ventures.
Provide financial support, mentoring programs, and access to networks and resources for
aspring engineering entrepreneurs, particularly with endeavours focused on sustainability.

4. Fostering closer collaboration between industry and government agencies will ensure policies
and regulations are conducive to growth in Ireland and that industryséscon the correct
priorities for Ireland.

5. Encourage diversity and inclusion in the engineering profession by supporting initiatives that
promote gender balance, ethnic diversity, and equal opportunities.

In conclusion, the engineering profession in tredlaas numerous open doors, particularly in the fields

of innovation, technology, and renewable energy. The Irish government's commitment to renewable
energy and favourable business environment makes the country an appealing destination for
engineering comanies, and the future looks bright for this promising field.
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2.3 Belgium

2.3.1 Analysis by Katholiekgniversiteit Leuven (KU Leuven)

Introduction

¢Engineers are building, shaping, crafting the futgedzi G KS& | NB | f NBIF R& Wl |
LIS2LX S GKFy GKS SyaAySSNB ¢S SRdzOFGSR A
(James Plummer, former dean of Stanford University)

Engineering courses should train the futuregeeers, engineers who are prepared for the
unpredictable careers the future will offer them. Therefore, more and more Higher Education
Institutions (HEIS) are experimenting wittew approaches to the way engineering is taught.
Trendsetters such as Olirollege and MIT set the stage.

Ruth Graham (2018) has performed a benchmarking study to provide an overviewcoitting edge

of engineering educatioglobally and a horizon scan of how the stafethe-art is likely to develop in

the future. In summanjit comes down to this: best practice worldwide is associated with some
educational features, including useentred design, handsn experiential learning and opportunities

for entrepreneurial development within and beyond the curriculum. Some emergingetsain

engineering education incorporate education themes such as (i) the blending of regotecsive,

on-campus, active learning experiences with-cdfnpus online learning, (ii) an increased flexibility,

choice and diversification offered to studenemnd (iii) curricula that bring together credisciplinary

learning, humarcentred engineering and global experiences. These educational features are trending

not only in engineering education but also in Higher Education as a whole (EUA, 2018). Blended
learning, collaborative learning, active learning, interdisciplinary learning, etc. areeselirched

teaching & learning methodologies broadly implemented in HElIs.

These new learning environments provide opportunities to ttha21% century competemies.In the

past years, a considerable number of research studies addressed the question of which competencies

may become important in engineering education in the context of the future challenges, such as
digitisation, sustainable development, etc. (Maial Academy of Engineering, 2004; American Society

for Engineering Education, 2015; Royal Academy of Engineering, 2019). Passow and Passow (2017)
have performed a systematic literature review to establish a comprehensive list of generic engineering
compeencies and their relative importance. They have defined 16 generic competencies important
F2N) SYaAySSNAY3I LINF OGAOS FyR (GKS Y2aid ONHzOALFE 2V
I 321 fQd ¢KS ' YyAGSR bl A2y ae Developmend Go&ld (BIE5s)RTEIO St 2 L.
2FFSNB Yy 2LILRNIdzyAite G2 O2yaARSNI GKS 02YLISGSy(
include 169 targets related to sustainability challenges in various domains. The Engineering for Europe
(E4E) project has a strofgeus on four SDGs, more specifically

T SDG 4. Quality educatignvhich sounds as&nsurenclusiveand equitablequality education
and promotelife-longlearningopportunitiesfor all*;
1 SDG 8. Decent jobs and economic growtfromote sustained, inclusive and sustainable
SO2y2YAO0 ANRPSUOKYE FdzZ f YR LINRRdAzOGA DS SYLX 28 Y
f SDG 9. Industry, innovations and infrastructuréBuild resilient infrastructure, promote
inclus\ S | yR adzadtAylofS AYRAAGNAFE AT FGAZ2Y | YR
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1 SDG 17. Partnerships for the goaf&trengthen the means of implementation and revitalize
0KS 3t20lFf LI NIYSNBKALI F2NJ adzadlAylrofS RS@STt 3

¢KS WSY3IAYSSNI HnunQ &G dHD48 pofessional eryine@L i Fdr@ersS R | Y
(Belgium), shows that engineers are strongly convinced that the technological changes will quickly
succeed each other and that engineers will have to acquire and apply new knowledge under increasing

time pressure. Mre than 60% of the academics in this study indicate that more attention should be

given to lifelong learning (LLL) and only half of them agreed that currently graduating engineers master

LLL competencies. AGORIA speaks of a training paradox (AGORIAc&@paies are investing in

[[[ 2LILIRNIdzyAGASAS odzi GKS WHOGAGS tSENYyAy3a |aid
(OECD 2021a). Students should be aware that learning will remain a core value during their entire
professional career and HEIlashd support students in the development of these lifelong learning
competencies. KU Leuven is, like all other HEIs in Europe, committed to lifelong learning, especially for
engineerssincethehalf A TS 2F Iy Sy3aAySSNR& dimiSddonytwdt& R i S OK
five years (Charette, 2013).K I y1 a (2 (62 | LILINERZScROPNESYA FEFWEHIK LINE 2 ¢
the Faculty of Engineering Technology at KU Leuven examines how to improve the training of LLL
competencies amam engineering students.

In this snapshot, the dynamics, challenges and opportunities for skills development within the
engineering profession are described based on two types of indicators: quantitative indicators (chapter

2) and qualitativeindicators (chapter 3). These indicators are obtained using qualitative (thematic
analysis) and guantitative (statistical analysis) research methodologies. The quantitative indicators are

a result of four studies (ordered from more general to more spécifig the quantitative part of the

systematic literature review of the generic competencies needed in the engineering practice, made by
tladaz2¢ YR tladz2zg oHnmMTOY OHUO GKS 2yt AyS adaNBSe
in 2015 and admistered to 534 employers, 1948 professional engineers and 363 academics and (3)

0KS adz2NBSe WLINRPFSaarazylft aiAatta 2F OAGAft Sy3araySsS:
the Faculty of Engineering Technology (KU Leuven) in 2021 among@8yers. The qualitative

indicators are obtained thanks to three studies: (1) The qualitative results within the systematic
literature review of Passow and Passow (2017), (2) thelilet&ture review made by KU Leuven in

2023, and (3) the E4iRterviews aganized in 2023 by KU Leuven with academics who have educational
responsibilities at Campus De Nayer (KU Leuven).

Based on these findings, we have made an overview of possible opportunities (chapter 3), needs
(chapter 4) and challenges (chapter 5). Thapshot is concluded with an overview of some final
conclusions and recommendations (chapter 6).

1. Quantitative indicators

This chapter starts with the quantitative part of the systematic literature review of Passow and Passow
(2017), summarizing 27wglies. The two following parts are the result of surveys organized in Flanders.
This chapter closes with some conclusions based on the three parts.

1.1 Systematic literature review of Passow and Passow (2017)

The goal of the systematic literature review of Passow and Passow (2017) is to establish a
comprehensive list of professional competencies important for professional engineers across
disciplines and work contexts. It comprises 8232 reports. In the quénttaynthesis 27 studies are

included (60 samples, composed of 14429 participants). These respondents were 6,063 practicing
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engineers, 7,934 alumni of undergraduate engineering programs, and 432 engineering faculty. The
statistical results appear in Fighr m® 9 OK O2YLISGiSydeQa YSIy AYLRNI
shown. A white diamond is the mean for all 60 samples, while a black diamond is the mean in which

each sample is weighted by its number of respondents.
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Figure 1. Mean importance of differeprofessional competencies (Passow and Passow, 2017)

As can be seen, the top competencies are problem solving, communication, and teamwork. In the
intermediate cluster, the following competencies can be found: ethics, lifelong learning, math,
scienceand engineering knowledge, engineering tools, experiments & data analysis and design.

1.2{ dzNBSe WSYy3aAYySSNI HnunQ 2NBIFIYyAT SR o0& Fftf Cf

The Flemish universitie&(J Leuven, University of Antwerp, University of Ghent, Hasselt Witiyer

Free University of Brussel§lave organised in 2015 a survey among 533 employers to collect
information about their perceptions regarding the competencies of recently graduated engineers
(Flemish universities, 2015). The survey was provided in tifelic6 EGK 2 FSyYWAA Y SSNI HAaH N
which aimed to map the expected and present competences of engineers graduated in Flanders. The
distribution of the 533 respondents as a function of their job function is given in Table 1.

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
and do not necessarily reflect those of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

202



Bl Co-funded by
M the European Union

* %ot

ENGINEERS4EUROPE

Function Total
Management function 58,91
HR manager 18,20
Operational management 10,88
Team leader 2,44
Other 9,57
Total 100,00
N 533

Table 1. Distribution (%) of the job function of the respondents
(Flemish universities, 2015)

The companies were asked to select the five most important actual and future competencies from the
list in Appendix 7.1.

Table 2 provides an overview of the current importance of the various competencies according to the
companies. The competencies arakad by descending mean expressed as a percentage. Technical
knowledge scores highest at 67%, followed by probgatving skills at 66%. Overall, much less
important are project management (26%), managing complexity (23%) and working in teams (21%).
Speciic sector and business knowledge, practical skills, team leadership and teatoriwakercial

skills are situated between 12 and 178he seven remaining competencies remain below 10%.

Competence Total

Total Avg. pp Gem. in

score %
Technical knowledge 1421 3,36 67,19
Problem-solving ability 1406 3,32 66,48
Project-based working 547 1,29 25,86
Managing complexity 481 1,14 22,74
Working in teams 433 1,02 20,47
Specific sector and business knowledge 358 0,85 16,93
Practical skills 299 0,71 14,14
Team leadership 266 0,63 12,58
Technical-commercial skills 266 0,63 12,58
Business and economic acumen 206 0,49 9,74
Lifelong learning 191 045 9,03
Oral communication 182 0,43 8,61
Skill in other languages 154 0,36 7,28
Written communication 57 013 2,70
Acting ethically 21 0,05 0,99
Social knowledge 14 0,03 0,66

Table 2. Actual importance of the competencies according to the corapa
(Flemish universities, 2015)

Table 3 shows the future importance of these competencies according to the companies. In the future,
technical knowledge (59%) and problesolving skills (59%) will remain most important. But they lose
some importance coipared to the current situation. Mastering complexity (30%), working in projects
(24%) and working in teams (21%) score between 20 and 30% on average. Five competences have an
average between 12 and 17%. These are business and economic acumen, team ipadpesiific
sector and business knowledge, technicainmercial skills and lifelong learning.
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Competence Total

Total Avg. pp Avg.in%

score
Technical knowledge 1221 294 58,70
Problem-solving ability 1216 2,92 58,46
Managing complexity 630 1,51 30,29
Project-based working 490 118 23,56
Working in teams 429 1,03 20,63
Business and economic acumen 338 0,81 16,25
Team leadership 320 0,77 15,38
Specific sector and business knowledge 313 0,75 15,05
Technical-comm. skills 269 0,65 12,93
Lifelong learning 256 0,62 12,31
Practical skills 205 0,49 9,86
Skill in other languages 198 048 9,52
Oral communication 164 0,39 7,88
Written communication 55 0,13 2,64
Social knowledge 46 0,11 221
Acting ethically 29 0,07 1,39

Table 3. Future importance of the competencies according to the companies
(Flemish universities, 2015)

Chart 1 visualizes the differences between therent and future importance of the competencies,
expressed in percentages. The competences are ordered according to their current importance. The
respondents believe that technical knowledge, probisaiving skills, projedbased work and specific
sectorand business knowledge and practical skills will become relatively less important in future. The
other competences remain about the same or gain in importance.
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Chart 1. Current and future importance of the competencies
(Flemish universities, 2015)
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Another objective of this study was to determine the extent to which employers are satisfied with the
competencies of the current graduated engineéfbe summarised results are presented in Chart 2.
Employers are the most satisfied with technical knowledgmking in teams, acting ethically, lifelong
learning, problerrsolving ability and projedbased work. There is also a high level of satisfaction with
basic and IT knowledge.

State-of-the-art
Cross-disciplinarity
Specialisation
Basic knowledge
Informatics
s z [ | Rather satisfied
Business and economic acumen
Team leadership [ | Rather dissatisfied

Technical-commercial skills

1 5 Not applicable
Specific sector and business knowleds

Skill in other languages ]
Social knowledge
Written communication
Managing complexity
Practical skills
Oral communication
Project-based working ]
Problem-solving ability
Lifelong learning
Acting ethically
Working in teams ]

Technical knowledge

: ; . = ;
0 20 40 60 80 100

Percentage

Chart 2. Etent to which employers are satisfied with the competencies ofdimeent graduated
engineergFlemish universities, 2015)
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1.3{ dzZNISe WLINRFSaaAz2ylt aiAaftfta 2F OAGAEt Sy3aAry!

To improve the quality of the study programm#&&) Leuven regularly contacts companies and
questions them about their needs and experiences. In 2023 colleagues involved in civil engineering
programmes contacted 2%epresentatives of companies who were the supervisors of recent
internships. They orgdnd SR | adzNBSe F20dzaiAy3a 2y GKS NBLINBaSy
competencies of the almost graduated engineering students. The assessment is based on the SAM
scale(Scale for Attitude Measurement), which was adapted and supplemeRtigd_euen, 202). The

skills are divided into 4 groups (Table 4): personal attitudes and skills (A skills), organizational attitudes

and skills (B skills), social attitudes and skills (C skills) and cognitive attitudes and skills (D skills).

The group of profegsnal skills The name of the professional skill
A.1 Initiative

A.2 Commitment and perseverance

A.3 Discipline and punctuality

A.4 Flexibility

B.1 Care for people,resources and the
environment

B.2 Personal planning and work organization
B.3 Quality assurance and result orientation
C.1 Social attitude

C.2 Leadership

C.3 Persuasiogassertiveness
C.4Communicating

D. COGNITIVE ATTITUDES AND SKILLS | D.1. Basic knowledge

D.2 Inquisitiveness and interest

A. PERSONAL ATTITUDES AND SKILLS

B. ORGANIZATIONAL ATTITUDES AND S

C. SOCIAL ATTITUDES AND SKILLS

Table 4. Adapted Scale for Attitude Measuremé€it) Leuven, 2021

In appendix 7.2 an overview of the collected data during the academi@@@a22023 is visualized. 25
respondents took part in the survey. All of them were representatives of Belgian engineering
companies and played the role of internship supervisors. The representatives are especially satisfied

with the achieved level of the pfessional skills from groups A, B and D. However, group C scores
L22NIe@d a2NB ALISOATAOFftes Y2NB FiGSyildAazy &akKkzd
OKFNIi mMm AY FLILISYRAE TdHO | yR WLISNEdZ 8A2y 39 | 448

1.4. Conclusions quantitative indicators

Although the first two studies (1.1 and 1.2) included in this snapshot are done in a different context,

GKS O2yOfdzaizya |NBE OSNEB aAAYAfFNY GKS SYLX 2&SNE
Wi S| Y a2 thNd Most important professional competencies. Interesting to notice is that all
professional competencies mentioned in the list (see Appendix 3.1) were selected in some way by the
companies.

The current level of the professional competencies amongraaging graduates in Flanders is,

I O02 NRAY 3 (2 BKIzZRES YSFEAGSTE INIYHIn HFRINI W2 NJ Ay3a Ay (S|
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fATSE2y3 S NYyAy@Qy A yIRO MLINE®O B Yt KA A YSIya OGKFG Y
to the main reeds of the actual labour market.

| 26 SOSNE a2YS 2F (GKS 3INIRdzr 6SaQ LINRPFSaaAzylft O2Y
CtlIYRSNE® LYy LI NIGAOdZ I NE WodzaAySad2KVYBNODRY 2%
WELISOATAOIASYGEZARI RYRof SRISQS W20KSNJ fFy3dz 3SaQ
This is in line with the study in paragraph 1.3, also conducted in Flandres but only within the discipline

2F WOAGAET SyYyaAYSSNAYIQd ¢KS AafyichiNgfgingekirg) staddntsIS NI A &
have problems with leadership.

One should be aware that the definitions of professional competencies in the different studies are not
necessarily the same. And this is unfortunately also the case in the literature in general

2. Qualitative indicators

This chapter starts with the qualitative part of the systematic literature review of Passow and Passow
(2017), which provides an overview of the interrelationships among professional competencies. The
two following parts are the result of a literature rew conducted by Repka P. She also organized
interviews with some programme directors and made an overview of these results in the last part. This
chapter closes with some conclusions based on the four parts.

2.1 Systematic literature review of Passow ariRhssow (2017)

The qualitative study within the systematic literature review of Passow and Passow (2017) explores
interrelationships among competencies. Thanks to 25 studies, in which 2174 participants took part,
seven major findings emerged:

Engineeringompetencies are tied to the life cycle of a product, process, or system.

Technical competency is inseparably intertwined with effective collaboration.

Engineers spend more than half their workday (§6@86) communicating.

Engineering practice requires caimating multiple competencies to accomplish a goal.

Competencies important for engineering practice differ from required learning outcomes and

graduate attributes.

6. Solving problems is the core of engineering practice, and eight competencies differentiate
between outstanding and ordinary performance.

7. Engineering education could better coordinate competencies as in engineering practice.

arMwnhpE

The seventh finding revealed three simple principles for curriculum design, based on the qualitative
research done by Pa®s and Passow (2017):

1 In engineering education, engineers are trained to do and not the rest of theiridysever
engineering work extends far beyond sciefii@sed tasks.

1 Nonttechnical skills cannot be taught in isolation from the technical contewhich they will
be used, and integrated projects are a crucial tool for achieving such ends.

i Engineering education needs a greater connection to practice from the first day, including
handson problem solving of authentic,-8kructured problems within aostraints, iteration,
working toward a big picture goal, and realistic social elements, such as working with clients,
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gathering information, coordinating technical work, weike writing and speaking, and
demonstrating professional behaviour.
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2.2 E4Eliterature review - main trends in engineering profession (2023)

¢KAa OKIFLIISNRna F20dza Aa GKS ARSYUATAOFGAZ2Y 2F |
engineering profession in the context of the implementation of the SDGs. The seanckeficant

literature is conducted through the library of KU Leuven and the UNESCO digital library based on the
snowball method.

Ly GKS !''b9{/h NBLRNI WOYIAYSSNAYy3I F2N) adzadl Ay
technology and engineering lie@tK S KSI NIi 2F &adzZA Il Ayl 0-Cher®®BWSt 2 LIV S
United Nations, Antonio Guterres (2018), pointed out the following in his congratulatory letter to the

Df 26Ff 9Yy3IAYSSNAyYy3d /2yaANBaay G2S aidNasgde 12 I OK
62NX RQad O0f dzSLINAYy(d F2NJ odaAf RAY3I | FdzidzNB 2F LIS OF
NBIljdANBaE ad2fdziaz2zyad NR2GSR Ay &d0ASyOSz GSOKyz2fz238
Engineering plays a critical role in sustainable development by suppottiagcreation of
infrastructure. This includes both economic infrastructure such as energy, transport and
telecommunications as well as social infrastructure such as irrigation, sanitation and halSBE§CO,

202]). Increasing investment in infrastructyr@specially in communications infrastructure, has

become a major global trend over the past decade. The link between infrastructure and development

is well established: improved infrastructure contributes to both overall productivity growth and a more

even distribution of growth gains, while imperfect infrastructure stifles both growth and eq@itgu

et al., 2019UNOSAA, 2015)

The science of sustainable development has grown considerably in the tfiestigentury in response

to global challengesBgtencourt, L. and Kaur, J., 201More specifically, four enabling trends are

especially important for sustainability science and engineetifgHSCO, 2021

1 Inter, cross and transdisciplinary knowledge is breaking down conventional boundaries to
createa more holistic approach.

1 Entrepreneurship, which mainly takes the form of teckerdrepreneurship, is defined as the
ability to add value by generating polyvalent knowledge that integrates and synthesizes
theoretical, practical and poliegriented elemerts.

1 The notion of diversity is expanding to mean inclusivity for all, involving not only traditionally
disadvantaged groups, such as those categorized by their gender and/or social economic
background, but also personal characteristics such as physiaditiom, and ethnic and
cultural identities.

1 Human and ecological wédking are two sides of the same coin. Engineering is adopting a
more sensitive, holistic and cautious approach to husvah RS OK Il y3Sa G2 (KS 9
environmentinordertoavét  KI NYFdzZ YR ANNBOSNBAOGES Wadl

These trends are stimulating the development of sustainable engineering to broaden the scope and
scale of its disciplines, while fostering greater interaction between engineering and other sdi@nces
promote sustainable development/ NESCO, 20p1

Unfortunately, the number of professional engineers does not meet the needs of the labour market.

As can be seen in Figure 1, the labour market is extensively growing in both scale and scope in industry
alR aSNDAOS &aSOG2NR® . dzi G GKS &aFYS GAYS GaRSaLA
most parts of the world, the attractiveness of engineering as a career option for youth has declined in
YIye Oz diNESu®, 30RE o
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Figure 1Employment by sector from 1991 to 2020NESCO, 2021

According to the European Commission, the move to a reseeffa@ent, circular, digitalized and lew
carbon economy could create more than one million new jobs in Europe by ZB3@pean
Commission2020).

Several authors are trying to assess the impact of digitalization on employment and predict different
ratios between new jobs being created and jobs that will be replaced by new technologies. This clearly
indicates that science and technology ms$ionals may be undergoing one of the biggest changes in
the labour market. For example, in energy transition these professionals are expected to have the
highest rates both of jobs destroyed rather than reallocated, and new jobs absorbirafflaidrkers,

as illustrated in Figure 2NESCO, 2021
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Stationary plant and machine operators I

Drivers and mobile plant operators I

Electrical and electronic trades workers

Sales workers ']
Metal, machinery and related trades workers I
Market-criented skilled agricultural workers [ ]

Labourers in mining, construction,
manufacturing and transport

Building and related trades workers, excluding electricians

-1 0 il 2 3 4
Job change (millions)

@ Newjobs @ New jobs absorbing laid-off workers Jobs destroyed, reallocatable @ Jobs destroyed, not reallocatable

Mote: Difference in employment between the sustainable energy scenario (the 2°C scenario) and the business-as-usual scenario (the 6°C scenario) of the International
Energy Agency (IEA) by 2030 (ILO, 2018a). Detailed information on the methodology is described in ILO, 2018a, pp. 39, 172-170)

Source: ILO. 2019. Skills for a greener future: A global view based on 32 country studies. Geneva: International Labour Office.

Figure 2. Occupations most in demand across industries in a global energy sustainability scenario
(UNESCO, 2021

Fortunately, there are also positive dynamics to observe in Europe. For example, scientists and
engineers aged 2®%4 in the European Union have increased by 10% from 2016 to 2(MESCO,
2021). Their total number was estimated to be 17.2 million in 2018, representing 23% of all workers
employed in science and technology occupations in the EU. Bfahg jobs that employers may need

to fill by 2030 will require a higher level of skills. The largest number (four million) are predicted to
include jobs that do not yet exist, often because of new technologies. 2.6 million projected new jobs
are for sciace and engineering professionalddKinsey Global Institute, 2020

Education is key to accelerating the implementation of the SDGs. General megatrends such as green
and digital transition are also changing the engineering landscape and educationakneeuis.

Green and digital transitions will require the upskilling of new technologies and processes, including
building information modelling (BIM), cloud computing, artificial intelligence, 3D printing, virtual
reality, I0T and blockchain technolo@y~CA2018).

In Europe and North America, there is a growing need and recognition for fatieted engineers

with interdisciplinary competencies. Although engineers continue to be "technological problem
solvers”, they are increasingly seen as communicaadsfacilitators. They support decisiomaking
processes and interact with a wide range of stakeholders, from local communities to politicians.
Engineers are expected to work in multidisciplinary teams and be able to listen to all stakeholders and
integrate their views into proposed solutions. Professional skills such as the ability to adapt to change,
creativity and flexibility are in high demand and the employers across Europe have a similar view on
this lack of skills, as shown in Figur&JBIESCQ021).

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
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United
Germany France Kingdom Spain Italy Greece Portugal Sweden

Local language proficiency . 9: . ]_:2 I ‘:1 |O i - 111, I 5 i I 6 i I 1 i
Basic math skills l 7I . 8 i . ) .‘9: - ll"' . 9 i . l3 I 2 ‘
, H ' | ]
Academic/theoretical knowledge l YI . 10I I I5 . é -IJ.? . ld - 19 Q i
] ' . ! | . ]
Computer literacy I 5I . 8 i I 2: . Im --18 - :15 - 1:5 .i 9
Written communication skills . Il 1 - 23 - 12 . 12 - Il? - 19 - 20 . 11
English proficiency - 15 - 19 I ‘:1 - 23 - 23 - 23 - 26 I ﬁj
Hands-on experience - 20 - 22 . 12 . :10
Leadership l 7: . 1I1 I 2‘ - 13 ) ‘
Creativity . 13 - 14 -1 . 13 - 20 - 16
Teamwork . :10 - 20 . 13 . 14
Spoken communication . 14 - 28 - 17 . - 21 - 14
Work ethic - 19 - 27 - 16 - - - 19
Problem solving and analysis - 2 - 21 - 13 - - 30- 17
: : : A A

A
o 12 @ 17 o8 @ 13 @ 20 ﬂm

@ Greatest differences

* “Below is a list of a number of skills regarding entry-level employees you have hired in the past year or so. For each skill, please rate how important they are for new hires to be effective at
your company” minus “For each skill, please rate how competent, on average, they are.”

Figure 3. Difference between importance of competencies as rated by employers and the average
competency level of new hire’NESCO, 20p1

2.3 EA4#Hiterature review - Professional competencies required for engineers (2023)

The focus ofhis literature review is on the professional competencies needed by future engineers in
the context of their employability and more specifically in the context of sustainable development. The
search for relevant literature was made through the widsary of the KU Leuven and the UNESCO
digital library based on the snowball method.

HEIs renew their curricula regularly such that they can implement attention to new trends, such as
sustainable development. According to Barlett et al. (20a0)geffective susinability curriculum is
deliberately constructed with the aim to graduate students with the capacities to be effective systemic
change agents. Debra Rowe, president of the U.S. Partnership for Education for Sustainable
Development mentioned the necessity go beyond a focus on conceptual knowledge in education
and shift our attention to develop student capacities to become agents for systemic change, which
means integrating values, attitudes, behaviour, and ethics with other education reform pedagogical
strategies in the classroonBérlett et al., 2020;National Research Council, 201jiek et al. (2015)

and Rieckmann (2012nve identified various competencies that they have consolidated into five key
categories of systems thinking, futures thinkingueas thinking, and strategic thinking which converge

in practice and pedagogy as collaborative (teamwork) prokdeiding competence necessary to
become effective change agen®4g(lett et al., 2020Wiek et al., 2011; Wiek et al., 2018teckmann,
2012) LaterPenn State University and the Sustainability Institute made their own researdaritfy

core sustainability learning metaompetencies Barlett et al., 2020Engle et al., 2017; Engle et al.,
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2016; Buckland & Engle, 2018ystem thinking, tempodathinking, interpersonal literacy, ethical
literacy, and creativity/imagination and the strategic thinking competency. Afterw&igskmann has
extended and integrated sustainability competencies into learning objectives for a resource: Education
for sugainable development goals: Learning objectives (Rieckmann, 2017; UNESCO 2017).

Already for years, most national and cressional engineering accreditation bodies have included
professional competencies in their requirements for accrediting enginegniagrammes (Picard et

al., 2021; Winberg et al., 2020). There seems to be an overall agreement that engineering education
should not only address science and engineering but also social, ethical, and organisational aspects of
SYyaAySSNEQ LINkikities. O&pite thiy/iRporailcd, tere is no clear consensus yet on
the exact set of skills under the term professional competencies (Picard et al., 2021; Winberg et al.,
2020; Kolmos & Holgaard, 2019) Communication, teamwork, and organisatioit@sabile featured
prominently in sources looking at labonorarket needs (Carter, 2011; Itani & Srour, 2016; Craps, 2017)

or in occupational databases such as O*NET (Picard et al., 2021; O*NET), which provide information
on the skills considered importafir current engineering positions. In the Future of Jobs report 2023
(World Economic Forum, 2023) the most demanded competencies are: (1) Analytical thinking, (2)
Creative thinking, (3) Resilience, flexibility and agility, (4) Motivation andwselfeness(5) Curiosity

and lifelong learning, (6) Technological literacy, (7) Dependability and attention to detail, (8) Empathy
and active listening, (9) Leadership and social influence and (10) Quality control (see Figure 1). Today
there are a lot of differenbpinions about which communication and interpersonal skills are needed

by the employers. Theses opinions are mostly based on the personal vision of different researchers
without deep analysis of job market trends. That is why we decided to concentratbeosttidies

which highlighted this topic more in depth.

Some of the considered papers conducted empirical studies in which job ads in the different European
countries were analysed (Herrmann, 2013; Daneva et al., 2017; Caggiano et al., 2020). Daneva et al.
(2017) noticed that the most frequently mentioned professional competency in job ads in The
Netherlands is proficiency in English and Du{Efigure 4).

Responsibility ™ 2%
Willingness to travel S 6%
Passionate NS 3%
Commitment m—— 3%
Other language|{s] M 9%
Flexibility n——— 1%
Customer focus IEE———— 1 9%
Visionary [ Innowvator I ] 9%
Selfconfidence N 1%
Coordination / Selt-organization S -_-_—_—_— 0 7 %
Team oriented I %
Result oriented I ] 1 %
English language N ] %
Analytical / (Conceptual) N 4%
Communication [Presentation) . 5 5%
Dutch language I (5%

0% 10%: 2% 30% 40% 509 B0% 0%

Percentage

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
and do not necessarily reflect those of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

215



ENGINEERS4EUROPE

Figure 4. Distribution of sought professional competencies in The Netherlands (Daneva et al,

In addition to the papers mentioned above, we also analysed the results of the article in which authors
provided focus groups (FG), during which representatives of employers discussed professional
competencies. One caonclude that in contrast to technitskills, professional competencies (1) form

2017).

B Co-funded by
W the European Union

* %ot

* 5 *

a much longer list, (2) do not always have the same meaning, and (3) seem to be -apauific

(Daneva et al, 2019).h& researchers also collected statements for and against the importance of

professional competencies (see Table 5).

Professional skill

Arguments for the importance of the skill

Arguments against the importance of a skill

Communication
skills

Communication skills are important for any job
There is a lot of teamwork in RE, hence communication is a 1

Teamwork skills

Teamwork skills are important for everyone, not only in RE
Teamwork includes leading a group with respect to context,
to keep to rules and templates

RE as a whole means working with others, thus teamwork is

Analytical skills

A requirements engineer must be able to switch betwe
abstraction and details
He/she must be able to decompose problems and to abstract,

9 Too much of it is bad because of risks
over-analyze and oveengineer seermgly
trivial requirements

also to work in a structured way T¢KSNBE A& | RILY WS KNR
Flexibility
This is important because of working in different time zones |  Being too flexible signals reluctance
make decisions
1 Flexibility may signal a lack of ability to s
Gb2é YR LidzaK ol O1
to requirements negotiation.
Customer
orientation /|1 odaAaAySaa lyltead ySSRa 4
Empathy with | perspective
users
Selfconfidence
You need it if you need to work with stakeholders who are m{  Too much seltonfidence can be

older than you
It can happen that a specification is thrown away, when a 1|
requirements enginer writes his first specification; this demang
seltconfidence, i.e. to be sure that one can learn it, to be suré
2ySQa 26y 62NJAy3a adetsSs od
cope with weekwise planning, dynamic context or unknow
application donain, or with masses of information
In software requirements for car manufacturing, the wo
climate is harsh; what does not work there is speaking in tern
understatements

4L R2yQd 350 NBALISOGED ¢KASZ
done.Whenyoukd g G KI G &2dzQft 3ISi
reluctant.

detrimental, too. Such a person ignore
advices from clients, stakeholders ar
peers.
1 Whether it is needed, depend on the role

Selforganization

It is important because a requirements engineer works mo
alone.

The requirement engineer does not need
organize anything, when a project manag
makes the plans
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Professional skill | Arguments for the importance of the skill Arguments against the importance of a skill
Language
proficiency in| Itis needed for communication in general T It is best to use the local language fi
English It is needed to specify requirements if working with internatiorl  requirements.

vendors. 1 In government projects, English is n

needdl.
Willingness to
travel Too much of it is detrimental as you detag
yourself from your clients.

Table 5. Citations from participants in FG for and against some professional compe{Baciega
et.al., 2019).

Beagonet al. (2022) have organized focus groups in Denmark, Finland, France and Ireland. They
collected the views of three key stakeholders, academics, employers and students, on professional
competencies for sustainable development. The outcomes of the FGsmagped against
competencies identified in previous studies to highlight gaps and opportunities for development. To

0S Y2NB LINBOA&ASY GKSANI NBaASINODK ljdzSatAaz2y Aa al 2¢
O2YLI NB (2 GKS Y88l ODFNVOBUBSTOL SEIABFNARER Ay ! b9
fAGSNI GdzNBKéD ¢ 6fS ¢ 2dzif AySa GKS aidl 1SK2f RSNEQ
and in Table 7, the same is done for some additional competentiesy. conclude their paper with

F2dzNJ adl 46SYSyGay a¢KS FANRG FYyR Y2ald &dzNLINRAAY:
competence, which was not directly perceived by the participants of this study. It should be marked,

that the anticipatory competence is one of the key congrees identified by UNESCO (2017). Future

thinking competences, such as anticipating and estimating consequences, dealing with uncertainty and
future changes or envisioning possible futures are considered by numerous authors as critical
sustainability cometences (Heiskanen et al., 2016; Rieckmann 2018; Quelhas et al. 2019; Brundiers et
Ff® HAaumMT WSRYlLY SG Fftd HanumMOd® X | 26SOSNE GKS 7
stakeholders in engineering education acknowledged that this competeneecessary and hence,

there is work to do both in extending the awareness of and teaching methods to expose students to
opportunities to develop anticipatory competence. The second issue is the importance of normative
competence for graduate engineers wittie unanimity of all stakeholders confirming the results of

Quendler and Lamb (2016). As stated by academic and employer stakeholders, recent engineering
graduates have stronger environmental and social motivations to contribute to society (Haase 2014,
Fizpatrick et al. 2021) whilst simultaneously considering economic, environmental and social
dimensions of sustainability. ... It is important, therefore, that engineering educators are sufficiently

trained and that they also acknowledge and integrate ndiwea competence, within technical

modules, to avoid additional pressure on the already overcrowded curriculum. The third issue is the

strong acknowledgement of interpersonal competence, indicating that these competences are highly
relevant in the context b advancing a sustainable future (Konrad et al. 2020). Interpersonal
competences such as communication, teamwork, resilience and agility are viewed as critical
O2YLISGSyO0Sa +FtyR gAft 0SS @FfdzSR IyR NBO23ayAaSR Ay
the case that there needs to be more emphasis and explicit assessment of interpersonal competences

in order to reduce this gap, rather than relying on gaining these competences implicitly through project

work. Finally, the fourth interesting issue is tltantinuous learning was identified as a highly relevant
AdzAGHAYLOAEAGE O2YLISGSYOS o6& | OFRSEYAOA FyR SYLIX
lifelong learning and professional development for students is, therefore, yet another crucial aspect
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which needs to be better integrated in the engineering curriculum. Personal development planning
and regular review of progress, such as keeping-porgolio may be a solution to this issue, which

focuses the student on the future without adding yet anothe® Rdzf S (G2 | OdzNNR Odzf dzY c
Students Academics Employers
Key competencies for Sustainability relevant to all SDGs (UNESCQO, 2017)
Systems thinking competency
Analytical Thinking Y 3 4
Holistic Thinking Y y N
Global Awareness y v
General Knowledge B y
Systems Thinking & ~
Life cycle Thinking N
Anticipatory competency
None identified in this study
Normative competency
Ethical Conscience N \ \
Social Responsibility y v \
Sustainability Awareness N v y
Environmental Awareness 3 Y
Strategic competency
Innovation N v A
Creativity N V N
Project Management v v i
Decision Making Skills y y
Design Skills y \
Organisation Skills Y
Entrepreneurship v
Resources optimisation V
Conceptual understanding B
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Collaboration Competency
Communication

Collaboration

Teamwork

Personal engagement & agency
Listening Skills

Emoational Intelligence

Respect for others

Inter-Cultural Skills

Foreign Languages

Respecting Diversity
Leadership A
Conflict Management &
Negotiation

Empathy

Critical thinking Competency
Critical Thinking W
Open mindedness v
Curiosity
Self-Reflection
Challenging the status quo \
Self Awareness Competency
Perseverance/Grit
Adaptability

Agility

Time Management

< |2 (2 (<2

et |2 [ (SRR R O
PN N P

L= PR
2|2 | (2

)

< |2 |2

Lo P P

2 |2 |2 |2 |2
<

Stress Management
Integrated Problem Solving Competency
Problem Solving
Research Skills
Problematisation +
Interpretation Skills N

=]
=
|

L2
<

Table 6. Focus group outcomes of competencies needed for engineers mapped to UNESCO 2017
competencies (green = identified by all 3 stakeholder groups; yellow: raised by 2 stakeholder groups
and blue = mentioned by 1 stakeholliéBeagon et al., 2022)

Students Academics Employers
Interdisciplinary work
| Multigisciplinary Skills' | y | y | Y
Continuous Learmning
Learning to Learn L) y
Lifelong Learning { Y

Implementation competence

None identified in this study

Transdisciplinarity

MNone identified in this study

Fundamental Disciplinary competences

Technical Skills + 2
Economic Skills | 1' N
Digital Skills + N
Mathematics Skills B

Table 7. Focus group outcomes of competencies needed for engineers, mapped against additional
competencies (Beagon et al., 2022)
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2.4 Edfnterviews (2023)

The purpose of this study was to providedepth insights into the challenges, opportunities and skills
required in the engineering profession. KU Leuven has organized foutofdiaee structured
interviews with programme directors of different discigs within engineering education. The
interview questions were selected from the Key Research Questions supplied by E4E. These questions
were not supplied a priori to the interview so that the respondents would be more extemporaneous.
Each of the participans was questioned on their own perceptions and they were not permitted to stop

at broad or vague answers but were questioned until the answers were very specific. The interviews
were recorded throughout the interview and transcribed with Microsoft 365rentranscriber. The
transcriptions were imported into NVivo and thematically analysed. After all data was coded, the most
important findings were identified as those with the greatest frequency of occurrence.

The results of the E4iBterviews are the follwing:

1. How will the engineering profession evolve over the next 5 or 10 years?

1 According to the interviewees, one of the main trends in the engineering profession evolution
nowadays isinterdisciplinarity. ¢ 9y 3AY SSNE A f € KI @S 2 02ff
Interdisciplinaritymeans that they do not only have to know some elementary knowledge
about other disciplines, but also they should be able to communicate with professionals in
20KSN) FAStRa 2F (y26f SRISPE

1 Another key trend which was identified by thespondents is the need fdifelong learning,

GKS NBFazy F2NJ 6KAOK fASa Ay (GKS &aLISSR 2F yS
very quickly, so they will have to learn for a lifetime. The lifelong leammithgpe important in
the in the profess 2 y ® ¢

1 Also, interviewees mentioned that the engineering profession is already very international,
odziT A0 GAff 0S02YS S@PSy Y2NB AYUGSNyFrdazylrt .
should be able teommunicate interculturallgp €

1 One of the respondestexpressed an idea that there is a high possibility that in near future
Europe willgo back in the direction of productioh 3+ Ay ® a9 NI ASNJ 6S 4SSy
into services, bringing every production to China, Vietnam, Cambodia. | think that there's a
KAIK LlaaArAoAfAde (GKFG GKS GAYSEAYS gAftf 0SS NI

f 'RRAGAZ2YIffeY AYyGSNIBASESSa ARSYGAFASR (KS yS:
a big request for professional engineers on the labor market. Thaisdsa decreasing number
of students in engineering. So, there is a risk that there will b&ck of engineers in the
nearest future€

2. What are the emerging technical and transversal skills and competencies required in the
engineering profession?

1 Alltherespondents markethe importance of teamwork skillfor modern engineers, because
dy SyaArAySSNI R2Saydi ¢2N)] f2yS Fy@Y2NBs o6dz
a lot of teams nowadays include people from different countries, nationaliiesb cultural
backgrounds, special attention should be paidni@rcultural communicationand ethics.

1 Also, respondents marked the importance digital literacy, in particular working with big
data, Al (for examplé, K| ( Dt ¢ (everythidgasiddn@wit and by computer, so you need
Sy2dzakK RAIAGEFE aiAtta G2 o60S FoftS (G2 02LIS oAlr
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1 Three respondents mentionecbommunication skillsas important. Two respondents made a
special accent on the necessity to learn future enginéeiommunicate not only with other
engineers, but also with representatives of other specialties.

1 Amongother professional skillavhich were mentioned: management skills, identifying your
personal role in the team, critical thinking, sedflection and rélection on their environment's
I 6 NBySaa o60adddodzi GKIFGUA + RAFFAOdAA G 2y S
I ASYRF®E 0SS ljdzk t AGe YIFyYylF3ISYSyd yR alF¥FSGe YSI|:

How do technical and other professional skills differ in terms of their impoetémcsuccess in the

engineering profession?

1 All the respondents marked that both technical and professional competencies are important
F2NJ I adz00SaatdzAd FdzidzNBE OF NBSNJ Ay Sy3aAySSNRY:
basis for everythingisa2 2 R G SOKYy A Ol f SELISNIA&ASET FT2NJ Iy Sy

What is the role of the engineering profession in the implementation of Sustainable Development

Goals (SDGs)?

1 All the interviewees noted thanportance of SDGand thecrucial role ofengineering in their
implementation.a { dzA G F Ayl 6t S 3J21fa I NB ONM2OAFEXZ yR S

YIE1S | LINPRdzOG Y2NB &ddzAGFAYylIofSéd a9y IAYSSNR)
1 It should be noted that all participants mentioned the importancéofuding the SDGs in the
studyproces2 ¥ (G KS FdzidzZNE Sy3aAySSNER® a2S KI@BS | ySs

sensitive to these goals, | think. 10 years ago, only technical ssiperested the students.
C2NIidzyl 6Stex AG KIFIa OKIFIYy3aISR®PE | y2HGKSNI LI NI A ¢
focusing on sustainable development implemented in engineering education. And to give you
an example of what we are doing in our facultyeally in the first year all our engineering
students have a project which is focusing on one of the SDG's. We talk about the SDG's during
O2dzNBS& YR SELXFAY ¢6Ké AdUa &2 AYLRNIFyd G2
T hyS 2F GKS NBaLRyRSyGa | f a@A SriaNg IS0 ik &1 AKX &
it's the other way around. Engineers do what the public wants, or what the media tells the
public that they need.
How can the engineering profession contribute to the achievement of SDGs through the
development of new skillsral competencies?
1 According to the interviewees, the role of engineering in the context of SDGs implementation
isto give the relevant tools and to find technical solutiorghich will give opportunity to solve
existing problems. So, engineering educatiod stzf R (S OK a (i dzRSyGa yz2a 2\
in the optimal way from the engineering point of view, but also from the sustainable
development point of view. For instance, recyclability. If you make a design, can it be reused?
Can it be recycled in an gaway? Or we are producing future waste? It's something which is
GSNE AYLRNIIYy(d (2 GKAYy]l lFo2dzix a2 G4KAa Oly
1 'y20KSNJ AYLRNIFY(d AadadadzsS 6KAOK ¢la YSyadaz2ySR
alwaysto think about consequences of their pfessional activitie® €
1 The interviewees also marked that it is better include some parts of sustainability
knowledge into the already existed coursdlsan to create separate workshops on this topic.
dal 1TAy3 F ASLI NI OGS O2 dzbahalSngidgrandrprohalilyzinefficiert. AA £ £ &
few years ago, there was a researcher who was working here, and she wrote a PhD about the
different ways people take information. She told me that there was research that if you want

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
and do not necessarily reflect those of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

221



*

% R Co-funded by
ENGINEERS4EUROPE **** the European Union

for example a student to improvihe learning strategies, then you really should try to put it
Ayi2 @2dzNJ O2dzNASa (2 YIFI1S AG Y2NB |dzikKSydaAo:x
1 The respondents also identifie problem of assessingJNE FSaaAz2ylf &alAfftao
included in the curriculum, but the problem is how you can make an exam around critical
thinkingorseiNBE Ff SOl A2y K¢
6. 1 2¢6 Oly Sy3aAySSNAR 0SS GNIAySR G2 0S02YS a02ya
sustainablepractices in their work?
1 According to the interviewees there are already sevemlirses on sustainabilityn KU
Leuven, which goal is to increase consciousness and awareness of students about existing
ecological, social and other problems related to simsthle development.
1 However, they also identified the weak side of these courses. In particular, despite increasing
awareness about existing problems, tie2 y Qi 3IA @S Of S [fodoWiSgdneny. A OF £ &
1 hyS 2F (KS NBA&LRY RSy doascioasndsl shéuld bekalsdithe griogfydoB | & A
companies, because it is much easier for them to influence their employees by including
NBt SOFyid LREtAOASAE Ay GKSANI LINY OGAOSact o
7. What are the challenges and opportunities for the engineering profession intiadajp the
changing nature of skills and competencies required?
f The first challenge, which was noted by respondents, masey.d . SOF dz&S |y Sy 3A
industry is expensive. And if you want to give him the opportunity to learn, then he or she
should haveime to learn. And at that moment the engineer is not doing work which results
AYy Y2ySeod {23 GKS O2YLIye akKz2dAZ R KI @S Y2ySe |
1 ¢KS aS02yR OKIFffSyaS FNRY I Kthe riyicomipsitinddf G a Q LJkz
thS Sy3IAYySENAQed 8 KPS || 22dzy3 INRdzL) 2F Sy3AAy
YR 0KSBUNBE O2y@AYyOSR (KIFG 6KIG GKS& NS R2A\
1 'y20KSNJ LINPOEfSY G6KAOK gl a AyBoleRfSR27&I YikKSa ¢
growthé¢ @ a! O2YLIl yeée ySSRa (2 oS adz00Saa¥fdZ I yR
output every year. The planet cannot take care of all those growing companies and growing
number of people, so we should be aware that growing can alsarseenething different.
Growing can mean a better quality of life, better services, more inclusive services and things
tfA1S GKIGE @
1 As for the opportunities, respondents naméte high consciousness of young generations.
G, 2dzy3 LIS2 LI S vy 2 greeRaAndsay the planét is inHangeKadd we ihave to
take care of our planet. So, I'm sure they love to change their skills and competencies to reach
ddzaldl AylrofS RS@St2LIYSy(oé
1 Also, respondents mentiondaigh level of digitalization which increases effiarey of a lot of
LINE OSaasSa a3y FohdaPodld tRadhelCoytnSriers Writdfcigs. Amd
L GKAY]l &@AYAfFNI ARSFa&a gAfft 06S SYSNEHBAYy3I Ay 20°¢
1 Another idea about the possible development of the engineering psidesin Europe in
nearest times was the possibdéfset from only providing services in productiomesulting in
I RAFFSNByYy(d aiAftt asSi FT2NI SyaaAySSNER® aL (GKAY
little bit from focusing on only servicesviards more production. And then the fun thing is
that everything that we have done in recent years about professional skills, will change and
will become maybe not less important, but important in a different way. | think that the skillset
mightbegoingb O1 I fAGGES 6AG Y2NB G2 G4SFHY £ SIRSNAK
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8. How can engineering education and training programs better prepare students for the evolving
nature of the profession?

1 The respondents supported the idea that the evolutidrtlee engineering profession should
be included in engineering education as well. In particuldr, relevant technical and
professional skillshould be included in study programs.

1 Also according to the interviewees, the important feature of modern etlanais
interdisciplinarityz 0 SOl dzaS GaiddzRSyda ySSR ONRIFIR (1y26fS
discipline. They should know the basis of many disciplines and in one of them they can go
deep, but not too deep because within 10 years everything theeye learned when they go
22 RSSLI Aa 2f R®E

1 Another important aspect which should be taken into account is teaching stuttemterk in
groups. A CNRY Rl & 2yS3y GKSeé KIFI@gS G2 O2fttlro02NrGSo
to work with other peopleSo, they have to learn how to adapt, to be flexible, to talk to people
FTNRY 20§KSNJ Odzf  dzNBa o¢

9. What are the key factors that contribute to successful multistakeholder partnerships in addressing

skills shortages/mismatches in the engineering profession?

1 The main factors which contribute to the successful partnership tanst between
stakeholdersand feeling of confidence betweenthema ! Y2y 3 | ff GKS LINR2SO
I f NBFReX LINRP2SOGa 6SNB 2yfe 4dz00SaatdzZ x gKSyY

1 Another important factor which was mentioned by the respondents e@aplementarity of
A0 1 SK2f RRSNKBSY &12MdE K3l a8 Bas skill B, foli cah collalgoRate &nd then
g2dz NB y2i0 2dzald '!'b. ® b2g¢g AdUa Y2NB (GKFYy GKI

f ¢KS ftradsx odzi y2d tSFad 7TI O 2efcientardeRectivgel & Y Sy
communicatiore @

1 In the context of universigindustry patnership, one of the respondents expressed the idea
that it could be useful tinvite representatives of industry to the universitfor them to share
their experience of achieving SDGs with students. Also the discussion between students and
industry representatives can be initiated about key problems of greening, ecology and
sustainable development, which can increase the awareness of both sides about existing
problems and maybe even will help to find possible solutions.

10. How can policies and initiativesragional and national levels effectively address the digital, green,
resilience and entrepreneurship skills shortages/mismatches in the engineering profession?

1 hyS 2F GKS LlRaaroftsS YSGK2Ra 2F AYLINROGAY3I (K
proposel by interviewees is implementation abligatory refresher coursesnd periodic
certification for compliance with the position held.

1 Another idea which was expresseda®rganize some seminars with politicians share their
vision of sustainable devgdment and to open the discussion with students. Such seminars
can increase awareness of both sides about existing problems and give opportunity for better
understanding by youth of future sustainable development perspectives.

 AlsoY2 @Ay 3 dzLJ @2ZRel LIN® IWNI e A 3ds inSnktioRed AsFan iditiativés ™ £
GKFG OFYy AYLINROGS (KS SRdzOF GA2yLFf LINPINFYSZ 0S¢
2F GAYS F2N) KAIKEAIKAIGAYI FEf AYLRNIFYyd FaLsSoi
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2.5 Conclusions qualitative indicators

Nowadays, iis obvious that engineering plays a crucial role in achieving the SDGs, especially those
related to the development and implementation of the modern technologies. In this regard a question
arises how engineering education should be transformed to preparegsionals that are able to deal

with challenges which are related to this issue. For answering this question, the main trends in
engineering profession were analysed.

One of the notable trends is the increase of investments in infrastructure developded according

G2 GKS !'b9{/h NBLRNI d9yIAYSSNRAY3I F2N) adzadl Ayl o
trends: a more holistic approach to engineering, need for teclemrepreneurship, attention to
diversity and a more sensitive, holistic and tiews approach to humalY I RS OKI y3Sa G2 (K
natural environment However, there are also some negative trends in engineering. Due to an
extensive growth of the labour market in the field of engineering, the number of professional
engineers does nomeet the needs of the labour market, and this situation is redoubled by
demographic changes.

Another important tendency, which should be mentioned, is the change of requirements to engineers.
A modern engineer should not only have technical skills, =at alther professional skills, which give

him or her the opportunity to work in multidisciplinary teams, be able to listen to all stakeholders and
to integrate their views into proposed solutions and, at the same time, make his or her own
independent decisins. Professional skills nowadays are included in requirements for accrediting
engineering programs of most national and crosgional engineering accreditation bodies. However,
ambiguity still exists about the list of professional skills that shoulddladed in the study curriculum

of HEls. In the current moment there are different opinions about this issue. In the Future of Jobs
NBLI2NI HnHo 022NIR 902y2YAO C2NMHzZYXZ HAnHoU (KS Y2
following: (1) Analytical thinkmn (2) Creative thinking, (3) Resilience, flexibility and agility, (4)
Motivation and seHawareness, (5) Curiosity and lifelong learning, (6) Technological literacy, (7)
Dependability and attention to detail, (8) Empathy and active listening, (9) Ledgoleast social
influence and (10) Quality control. On the other hand, in the academic resources investigated in the
frame of this research, the professional competencies most needed are: (i) Language proficiency in
English, (ii) Teamwork skills, (iii) Commaation skills, (iv) Analytical skills, (v) Selffidence, (vi)
Flexibility, (vii) Customer orientation/ Empathy with users, (viii) Willingness to travel, (ix) Self
organization. Beagon et al. (2022) made a comprehensive overview of the needs offénendif
stakeholders and found a large diversity.

Despite the difference in opinions, one thing is clear: professional competencies play a significant role
for employers. In this regard, HEIls in cooperation with \lE®fessional Bodies and Industry
Associations need to find a solution for the current issue and help engineers to meet the high
requirements of modern labour market.

Based on these findings, we have made an overview of possible opportunities (chaptee@3, n
(chapter 4) and challenges (chapter 5). The snhapshot is concluded with an overview of some final
conclusions and recommendations (chapter 6).

3. Opportunities

As. SGGSy 02dzNII YR Y hedadienae Hofl sustainably IdeNdlofrieBt has (grown
considerably in the twentf A NAR G OSy ddz2NE Ay NBalLRyasS (2 3t20l f
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(2021), this is stimulating the development of sustainable engineering to broaden the scope and scale

of its disciplines, fields and practices, while fosteringater interaction between engineering and

other sciences and arts to promote sustainable development.

Another important trend, which influences our modern life is digitalisation. Engineering certainly is not

an exception. The use of digital technolog@m speed up a lot of processes in industry and also
YAYAYATS adKS KdzYlry FFEOG2NES® C2NJ SyaAySSNEI ({(KS
relevant in various fields such as predictive and preventive maintenance, product and structural
design,among others, leading to more efficient project management and cost effectiveness in a
sustainable development environme(WNESCO, 201

{AyOS G(G(KS &adzaidlAylofS RS@OSt2LISyld ySSRa I NB AyidS
become moreand more diverse. This will support the rapid development of nhew, creative solutions.

4. Needs

Such megatrends as green and digital transition are changing the engineering landscape and education
requirements. Education is key to accelerating the implementation of the SDGs. The system of
engineering education needs continuousaealuation to suppdrthe engineering students in solving
technological problems with a holistic approach that takes into account the impact of engineering
AYyy20FidA2ya YR OGAGAGASE 2y (KS SYy@ANRYYSyYyd |y
and digital trangtions will require the upskilling of new technologies and processes, including building
information modeling (BIM), cloud computing, artificial intelligence, 3D printing, virtual reality, loT and
blockchain technologd €

Interdisciplinary approaches to technology development are also needed to ensure socially
responsible communication networks and urban governance systehiNEECO, 20p1According to
interviewees, who took part in KU Leuven interviews for Primary research for this report,
interdisciplinarity is one of the main trends of engineering profession nowada@dzii dzZNBS Sy IAy S
will have to collaborate interdisciplinary. Interdisciplinarity means that they do not only have to know

some elementary knowledge about other disciplinegt also they should be able to communicate

GAUK LINPFSaaAz2ylfa Ay 20KSNJ FASt RMEurdhdand Noghs f SRI S
America, there is a growing need and recognition for futorented engineers with interdisciplinary
competencies. Although engineers continue to be "technological problem solvers", they are
increasingly seen as communicators and facilitators. They support denisiking processes and

interact with a wide range of stakeholders, from local communities to politicianginBers are

expected to work in multidisciplinary teams and be able to listen to all stakeholders and integrate their
GASGa Ayi2 LINPLRASR az2fdziAazyaot

Most national and crosmational engineering accreditation bodies have included professional
competencis in their requirements for accrediting engineering programmes. However, the debate

about the list of comptencies needed by engineers is still ongoing.

5. Challenges

Il OO2NRAY3A G2 'b9{/h OHAHMUZI ql-builti®ds rdsgaR ardl G2 NJ 2
development (R&D), which is defined as efforts to develop new or improve existing products or
ASNDAOS&EéE D ¢CKSNBE IINB y2il0fS RAFFSNBYOSa Ay wsb
resources and these disparities have widened otierlast decadelS, 201

Moreover, today the number of professional engineers does not meet the needs of the labour market.

It happens because the labour market nowadays is extensively growing in both scale and scope, but at
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0KS &l YS G A YdhtindoRsSRpadaian $f highérSduCation in most parts of the world, the
FGGONY OGAQGSySaa 2F SyaaAySSNAy3a a | OF NNESED,2 LJi A 2
2021).

Several authors try to estimate the impact of digitalisation on employmedt@edict different ratios
between the new jobs created and the jobs that will be replaced by new technologies. This clearly
indicates that Science & Technology professionals may undergo some of the biggest changes in the
labour market. In the energy traition, for example, these professionals are expected to see the
highest rates of both job destruction, rather than job redistribution, and the emergence of new jobs
absorbing laiebff workers(UNESCO, 2021

As mentioned in several of the previous studitte professional competencies need more attention

in Higher Education. However, the curriculum is already fully packed. So the question arises how they
can be implemented and assessed in HEI without overloading the programmes. A possible answer is
integration into the existing technical courses, highlighting simultaneously the importance of
interdisciplinarity, diversity and the holistic approach.

6. Final conclusions and recommendations

Institutions have to find the mix of factual knowledge &oals
to be open and rigorous at the same time. Finding the right balance when the slope is changing, is the
great challenge for institutions.
(Nina Waaler, viceector for education at Akershus University of Applied Sciences)

Engineering education playa central role in overcoming the challenges faced in achieving the SDGs.
Therefore, it is important for engineering education to find ways to educate engineers that can
incorporate sustainable values into technology development. Fortunately, as thearyrimsearch
revealed, students have a high level of consciousness and understanding of ecological problems and
SDGs. Such trend gives us hopes that future engineers will actively join the SDGs implementation and
development of new sustainable and ecoldggndly technologies.

Moreover, engineering HEIs need to keep up with the societal evolutions and monitor modern
engineering trends because technologies nowadays are changing very quickly, and it is important to

give students knowledge that will be rent not only in the short term, but also in the more distant

future. According to interviewees, who took part in KU Leuven research, it is important not only to
AYONBI 4SS &iGdzRSyiaQ |61 NBySaa lo2dzi SEAaGlRY 3 LINE
technical solutions. Fortunately, the market of relevant technologies is growing extensively thanks to

Ré&D.

Another crucial issue which was highlighted in this report is the wider set of requirements a modern
engineer must meet. Despite the main rolieam engineer is still finding technical solutions, employers
expect that engineers will also take part in communication with different (often international)
stakeholders, become active team members, show high level of ctiticeding, independency in
sdving problems and a lot of other professional competenicies. Requirements differ from employer to
employer, however, the main trend remains unchanged: modern employers demand engineers who
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show a set of high level professional competencies. This trenels giv great responsibility to
engineering HEIs, who need to develop the demanded skills.

The last but not leastnportant tendency is the necessity of lifelong learning. Nowadays this tendency
is universal for the majority of professions. However, due to the speed with which modern
technologies are developing, the engineering profession is at the top of the lighmdrtant
professional and technical skills. As was marked by one of KU Leuven intervielliggdory courses

for professional engineers are critically important for maintaining the high level of our engineers.
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7. Appendices

7.1. Description of comgtences

Competence \ Description

Knowledge
Technical knowledge Basic knowledge basic scientificlisciplinary
knowledge (including mathematics) with a foc
on practice.
Informatics
Specialisation scientifiedisciplinary advance
knowledge withfocus on practice.
State-of-the art: scientifiedisciplinary irdepth
knowledge with focus on practice.
Crossdisciplinarity: crossdisciplinary
knowledge, specific and general (ener
environment, safety, ...).
Specific sector and business knowledge Sector knowledge knowledge of the secto
ecosystem: stakeholders (companies, regulat
framework governments, society, ...) ai
interactions.
Business knowledge knowledge of interna
organisation, operations and

processes.

Business and Knowledge of financial economics in busines

economic understanding social sector.

Social knowledge Knowledge of the general social context.
Professional skills (hard skills) and attitudes

Problemsolving ability (Recognise) problems and be ablectime to a

plan of action to solve them:

(@) analytical thinking solutionoriented
formulation and analysis of complex probler
within the specialism, reduce complex problef
to  manageable suproblems. Testing
functionality upon integration.

(b) Designimplementation-oriented solutions
be able to select, adapt

or develop techniques and methods
appropriate and

be able to apply it adequatel
(=implementation).

(c) Attitudes: creativity, outsidehe-box
thinking, innovative thinking,

accuracy, critical evaluation and reflectig
perseverance.

Controlling complexity Be able to keep an overview of the enti
problem / system / project (coherence, factor
dynamics).
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Practical skills Be able to apply knowledge in differe
situations (insight), assimilation ability, hanc
on skill (labskills, experiments set up), practio
thinking

Projectbased working Independently (a) conceive an engineeri
project (determine phases and steps), (b) p
(determine time duration of phees and steps
(c) execute (implement) and (d) follow
(monitor development trajectory keeping
taking into account available time ar

resources.
Skill in other languages Fluent use of languages other than Dutch
Written communication Written reporting
Interpersonal skills and attitudes
Working in teams Function as a member of an (interand

multidisciplinary) team, operate in a
international or intercultural environment.

Team leadership Leadershipleading meetings, playing a bridgi
role to the shop floor, persuasion, decisic
making.

People managementobserving (being able t
see what is happening,

grasping and understanding feelings, listenin
giving direction (creating

clarity), asking questions (gathering informati
aboutprogress),

reassuring (removing uncertainties), creati
cooperation (helping

people trust each other so that they exchan
information) and clarifying

information (being able to tell a story in such
way that people understand it).

Oral communication Spken communication and presentation |
peers and lay people

Technicaktommercial skills Consulting, advice, customer orientatio
negotiation, commercial

Lifelong learning Alertness to new evolutions (agility), agil
(resilience)

Acting ethically Vallesbased approach: respectful, correct,

sense of responsibility, attention t
sustainability (ecological, social, etc.), safe
compliance
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TOHD 9@Ffdz GAZ2Y 2F (GKS Aa0GdzRSydaQ ISMBESaaArz2y!l
for the internship 20222023

Number of students
A.1 Initiative
al .Y
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/| KI' NI o® 9@ t dzthe ryfshig SEpevitossA G A G A JSQ o8

Number of students

A.2 Commitment and perseverance
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Number of students

A.3 Discipline and punctuality

a3 -Y
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GOOD
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2.4 Slovakia

2.4.1 Analysis by Newport Group S.A. (NG)

Introduction

1.1 The Executive Summary

Engineers are at the forefront of technological advancements, infrastructieneslopment, and
sustainable solutions. Their expertise is critical for addressing pressing challenges such as digital
transformation, climate change, and economic competitiveness. But at the same time, given the
importance of engineering in sustainablevéddopment we can observe how the profession meet a
skills mismatch, communication gap, shortage of the manpower and insufficient curriculum.

By comprehensively studying the evolving nature of the engineering profession, the project aims to
address the chénges faced by engineers and ensure their continued success in an increasingly
complex and rapidly changing world.

Additionally, the engineering sector was considered in the Slovak republic. Slovakia has strong machine

and industrial engineering industwith a historical background. Welined supply and transportation
OKIAya Fftft2¢6a (GKS O2dzyiNEB (G2 3SG LISNXYIYSyld LINROG
small market size and competitive landscape were discovered.

One more thing that will affet Slovakia is digitalization strategy plan that adopted up to 2030 year.
This plan aims to provide digital competences among all possible individuals, including engineers. First
of all, for them it be regarded automatization and robotization in the indus$o, it will be crucial for
Slovakia to upskill its workers.

There become obvious that the world and, within it, technologies involve extremely fast. Trends rapidly
appear and disappear. And without proper upskilling depending on needs of the timénpaossible

to stay on track. Meanwhile the engineering profession met two polar problems with it. The first one
is that engineers who are already have been long in the profession cannot catch what brought the
digitalization era. It is not surprising bers® their preparation for the profession was not close to what
we call engineering now. On the other hand, there are newly graduated engineers that were studying
during COVIE19 when education find itself in the most ineffective times. That means whencibhrag

into the industry, employers can see a lot of training needed to make ngralguated engineers
qualified professionals.

Despite all challenges, the engineering profession has also opportunities. There is predicted a big
growth of the new workplaceand an increase of interest in the profession. Engineering is also highly
required in SDGs and in the developing innovations.

It is important already now to actively lure individuals to pursue professional development
opportunities, participate in industnconferences, and stay updated on the latest trends and
advancements in engineering. VET and multidisciplinary trainings could be extremely useful. It is also
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needed to add more practical, teamworking, problsalving, and lifdearning aspects in the leaing
process, but in that way to avoid pressure on the already overcrowded curriculum.

1.2 Research Descriptiogoals, and Methods

The objective is to develop a robust methodology that captures the multifaceted nature of the
engineering profession, takgninto account the acquisition of essential skills such as digital literacy,
green technologies, resilience, and entrepreneurship

By gaining insights into the evolving nature of the engineering profession, this research addresses
several key aspects. Fily, it aims to identify emerging trends in the industry, such as the increasing
demand for digital skills, the integration of sustainable practices, the need for resilience in the face of
unforeseen events, and the importance of fostering an entreprei@umindset among engineers.
These trends shape the engineering field's skill requirements, educational strategies, and professional
development needs.

Secondly, the research provides information about the state of the engineering profession across
industries, functions, and countries (specificatlye Slovak Republic). Additionally, understanding the
dynamics of the engineering profession helps policymakers, educational institutions, and industry
leaders align their strategies and resources to better suppngineers.Through this initiative, Europe

can ensure a robust and futuwready engineering workforce that contributes to societal progress,
economic growth, and sustainable development.

By combining primary and secondary research methods, this rép@aing to gather relevant data
The following methods were employed to ensure a comprehensive and rigorous approach to data
collection and analysis:

9 Literature research: national reports, position papers, analyses, policy briefs, agendas, and
dzy A @SNEAGE addzRASasz a ¢Sttt Fa GKS LINR@GIGS
54 sources are utilized.

9 Inclusion/Exclusion Criteria: A setin€lusion and exclusion criten@asestablished to ensure
the selection of relevant articles and reports. These criteria include relevance to the research
topic, publication date (most of the data is no later than 2019), pegiewed status, and
geographic focus (Europe and the Slovak Répu

i1 Stakeholder Interviews and Surveys: In addition to secondary research, primary research
methods were employed to gather insights directly from stakeholders within the engineering
profession. This has included conducting interviews with engineeriagchers, industry
leaders, and representatives from WE@ustry institutions. Surveys also have been
distributed to stakeholders.

The combination of primary and secondary research methods ensures a multidimensional
understanding of the engineering proféss. The secondary research phase provided a solid
foundation by reviewing existing literature, reports, and statistics, while the primary research methods
offer direct insights and perspectives from key stakeholders.
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Qualitative descriptions of the eviwing nature of the engineering profession

2.1 Overview of the evolving nature of the engineering profession and its implications for
the Slovak Republic

Over the last years, the engineering profession has undergone certain changes. First and foremost, we
cannot forget about the impact of the COVID pandemic, which hit the world and completely
disrupted the established order (Krause, Spitzley, & Pflitsch, 2020). Currently, Europe and the rest of
the world are grappling with the consequences of this panibe One of the primary areas affected by

this is the alignment of skills in the labor market and the preparedness of university graduates. With
the shift to online learning, university programs have lost their practical component. As a result, newly
minted engineers entering the job market lack the necessary skills. Not only do new graduates feel the
mismatch in their skills, but also estthool engineers who graduated years ago do not keep up with
rapid technologies. Furthermore, engineering skills areol&ng increasingly specialized and tailored

to meet the demands of the times. This applies to areas such as digitization, green and environmental
trends, communication, entrepreneurship, lfeng learning, etc (Langie & Craps, 2020; Hadgraft &
Kolmos, 2@0; Semerikov et al., 2020; Cedefop, 2018).

Moreover, there is a growing demand for soft skills among workers worldwide as the engineering
LINEFSaaArAz2y &adzOK Fa | f2DANDFTSROKSEHzI AAY{3NRRANBA I
working alongsid professionals from diverse domains, such as biology, medicine, social sciences, and
business, etc. to solve complex problems (Van den Beemt, 2020). The ability to communicate efficiently
is crucial for achieving intercompany cooperation and the right repgh. The Sustainable
Development Goals (SDGs) adopted in 2015 by the UN are another significant trend of our time.
Achieving these goals requires a comprehensive approach, and engineers face the challenge of
overcoming the inefficiencies in educationléaling the pandemic, the lack of skills training, and the
need to reskill and upskill themselvé€unha et al., 2021)The paradigm shift in robotics and
automation is also the new reality for engineers. For instance, practices such as computer simulation
have started replacing physical testing. Although these two approaches coexist for now, perhaps
engineers will soon rely on simulation. But like any shift, this one also requires new competencies.

Meanwhile, technical knowledge still forms tf@undation of engineering practice (Langie & Craps,
2020). Engineers are expected to possess a strong understanding of mathematics, physics, and the
specific technical knowledge relevant to their field of specialization. Whether it is civil engineering,
mechanical engineering, electrical engineering, or any other discipline, a solid grasp of fundamental
concepts and principles is essentalovakia keeps up with trends and how engineering is evolving in
Europe, in the same way it is in the country. Anchaw it is the time of globalization, engineering
problems are not problems of only one specific country or region anymore.

2.2 Skills mismatch in the engineering profession

One common form of skill mismatch is a shortage of specific industrial skillelustries adopt new
technologies and practices, engineers may find themselves lacking the necessary expertise in emerging

areas, especially this applies to elder engineers who graduated before that level of digitalization.
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The consequences of skill misttiaare detrimental to both individuals and the industry as a whole.
For individuals, skill mismatch leads to unemployment, underemployment, or a sense of professional
dissatisfaction. For employers, it occursaassultof productivity losses, increaserhining costs, and
difficulties in finding qualified candidates for open positions.

Table 1 provides a comprehensive overview of the required skills for the engineering profession,
encompassing both the current requested skills and the anticipated fuslilés. It highlights the
diverse skill set that engineers need to possess to excel in their roles and adapt to the evolving
demands of the industry.

Table3 Comparison of Current Skills and Future Skills for Engineé€s, 023Beagon et al., 2023;
OECD, 202Tabas, Beagon & Kovesi, 2019)
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From this, it fdlows that if we continue to train current and future engineers in the way it is done, then
we cannot avoid a skills mismatch. To address skill mismatch, it is crucial for engineering professionals,
educational institutions, and industry stakeholders tdlaoorate and adapt to changing skill demands.

The national context: Slovak Republic

3.1 Countryspecific industry features

I O0O2NRAY3A (G2 ({ft20F]1 Ly@SaadySyd IFyR ¢N}YRS 5S5S@St
mechanical engineering industry (MEI) in Slovakia is closely linked to the automotive industry (76%
automotive OEMs & suppliers). But it is not only connected écatlitomotive industry, there are other

industrial segments in demand of production capacities such as metalworking (11%), machinery &
equipment (12%), and other transport vehicles (1%).

Here are some key aspects that are specific to the engineering iydnsglovakia:

1. As it was mentioned Slovakia has a strong presence imudl@motive sector with several
major automakers and automotive component manufacturers operating in the country. The
engineering industry in Slovakia is closely tied to the autoredtidustry, providing expertise
in areas such as vehicle design, production technologies, and manufacturing processes.

2. Slovakia has a welleveloped industriainachinery and equipment sectpwhich includes the
production of machinery, equipment, and cooments used in various industries. Engineering
companies in Slovakia specialize in designing and manufacturing industrial machinery,
production lines, and automation systems.

3. Slovakia has a diversmergy sectoyincluding traditional fossil fuddased enegy production
as well as renewable energy sources. Engineering companies in Slovakia play a crucial role in
designing, constructing, and maintaining energy infrastructure, including power plants,
renewable energy installations, and transmission systems.

4. dovakia has atrong manufacturing basgand precision engineering is an important aspect
of the industry. Engineering companies in Slovakia specialize in precision manufacturing
techniques, CNC machining, tooling, and the production of-pighision compnents for
various industries.
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At the same time, the Slovak engineering market faces challenges such as a skill gap, limited market
size, competition, and economic factors (SARIO, 2020). These lead to a competitive landscape.
Companies strive to differeratie themselves, explore international markets, and adapt to changing
economic conditions. The market is characterized by competitiveness, internationalization, and
adaptability.

Slovakia boasts a vast network of engineering companies despite being asumdtly. The largest
concentration of these companies is found in the western part of the country. This comes as no
surprise, considering that the capital city of Slovakia, Bratislava, is located in this region. Furthermore,
this area is known for its highdeveloped supply chains, efficient transportation systems, and strong
collaborations with neighboring countrieldowever, the challenge that that companies met is exactly
because collaboration the best workers are being poached by those neighboringac@spwhich

Ol dzaSa GKS WoNIAY RNIAYyQO®

The following SWOT analysis (Figure 1) provides an assessment of the engineering market in Slovakia.

Strengths: Weaknesses:

1. @mpetitive cost structure compared to many Weste| 1. Snall domestic market compared to larger economies, whi
European countries may limit the scale of operations and opportunities for

2. Thewell-established industrial base, particularly in engineening companies.

automotive manufacturingthat has been forming 2.Like any industry, therare challenges in bridging the skill g3
historically; between industry requirements and the skills possessed by t

- available workforce, particularly in emerging technologies an
3. Logistic, close to Western Europe; specialized areasf engineering;

4. Longterm supplier networks. 3. Incomplete infrastructure in some regions;
4. Lack of qualified labour force.

Threats:

Opportunities: 1. The engineering market in Slovakia faces competition fro
1. ngoing infrastructure development projects, such as transportatiq both domestic and international engineering firms, requiring
networks and renewable energy initiatives, creating opportunities for| companies to differentiate themselves through quality,
engineering companies to participate in largeale projects innovation, and specialized serviges
2. Slovakia's location within Central Europe offers opportunities for
collaboration and partnerships with neighboring countries, fostering
regional projects and expansion into new markets

2. Economic fluctuations and geopolitical factors can impact
stability and growth of the engineering market in Slovakia,

. . o . affecting investment in projects and demand for engineering
3. Slovakia has been investing in research and development, innoval services

and startup support, providing opportunities for engineering compan :
to collaborate, innovate, and tap into emerging technologies 3. Growth of world prices of steel, enegry, wages and other
supplies.

Figurel2 SWOTanalysis of the engineering Slovak market (SARIO, 2020; International Trade
Administration, 2022)
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3.2 Digital Transformation Strategy for Slovakia: how it will affect the engineering
profession?

The 2030 Strategy for Digital Transformation ov8kia is a comprehensive government framework
that outlines the policy priorities for the country's ongoing digital transformation. This strategy aims
to adapt the economy and society of Slovakia to the influence of innovative technologies and global
megatends of the digital era. (Slovaki®2030 Digital Transformation Strategy, 2022). The primary
objective of the 2030 Strategy is to modernize the Slovakian economy by leveraging innovative and
environmentallyfriendly industrial solutions.

Chapter 3.2 ofhe Strategy, titled "Society and Education," specifically addresses the crucial topic of
digital skills (Ministerstvo investicii, regionalneho rozvoja a informatizacie, 2023). It emphasizes the
importance of equipping individuals with the necessary digitampetencies to participate actively in

the digital economy and society. By prioritizing digital skills, Slovakia aims to ensure that its citizens are
well-prepared to embrace the opportunities and navigate the challenges of the digital landscape.

Digitd transformation plays a crucial role in Slovakia's Recovery and Resilience Plan, with measures
aimed at facilitating the country's transition to a digital society. These measures account for 21% (EUR
1.33 bhillion), surpassing the targeted goal of 20% {§émstvo investicii, regionalneho rozvoja a
informatizéacie, 2023). The main driving force behind achieving the digital objectives is Digitalne
Slovensko, which focuses on enhancing mobile services, cybersecurity, providing fast internet access
for all, ard fostering the digital economy. Additionally, the plan emphasizes digital investments in
education, research, innovation, and sustainable transportation.

The plan encompasses various reforms to promote eGovernment, improve connectivity, facilitate the
digital transformation of the economy and society, enhance education, and strengthen IT cyber and
information security in public administration (Ministerstvo investicii, regionalneho rozvoja a
informatizacie, 2023). It also adopts a strategic approach ttadigkills education in collaboration with

key stakeholders. To foster the growth of the digital economy, the plan supports Slovakia's
participation in cros$order European projects and encourages the development and application of
cutting-edge digital tehnologies. Furthermore, hackathons are promoted as a means to drive
innovation and collaboration in the digital realm.

For the period 202X 2026 most of the activities in digital transformation are financed through
Recovery and Resilience facility bigahs activities in Horizon, Erasmus+, ESIF, and EEA grant schemes
(Ministerstvo investicii, regionalneho rozvoja a informatizacie, 2023).

As the country focuses on digitalization, engineers will need to adapt to emerging technologies and
develop digitalskills to stay competitive. One of the key changes will be an increased emphasis on
digital skills in engineering areas such as automation software for engineers, cloud computing, 5G
technology data analytics, artificial intelligence, the Internet of ThifhgT), cybersecurity, etc.

Furthermore, digital transformation often involves the automation of processes and the integration of
smart technologies. Routine and repetitive tasks will be automated, allowing engineers to focus on
complexproblemsolving, innovation, and strategic decisioraking (Deloitte, 2021). Proficiency in
data analytics, predictive modeling, machine learning, and other-deaten techniques will be
essential to derive meaningful insights from the abundance of adaildata.
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From this, it is understandable that engineers will work closely with professionals from other
disciplines such as data scientists, software developers, and user experience designers, which will also
require them to develop effective communicatioand collaboration skills for working in cress
functional teams.

It is important already now to actively pursue professional development opportunities, participate in
industry conferences, and stay updated on the latest trends and advancements in eigineer
Continuous learning will be crucial to keep pace with the evolving technological landscape and remain
relevant in the field.

3.3 The support system and institutional framework for Engineers in the Slovak Republic

In Slovakia, engineers benefit fronc@amprehensive support framework that fosters their professional
development and provides assistance in their work. This framework includes various key components,
which are described below.

Slovak Associatio
of Consulting
Engineers

Slovak Chamber ¢

Civil Engineers

Slovak Society of
Chemical
Engineering

Figurel3 Professional associations for engineers in Slovakia

Professional associations play a vital role in supporting engineers in Slovakia. In Figure 2 prominent
examples are shown. These associations provide networking opportunities, facilitate knowledge
sharng, and organize professional development activities such as seminars, conferences, workshops,
and certificationsin Annex A elements of this supporting system are described in more detail way.

Engineering education in Slovakia is provided by reputableeusities and technical institutions.
These educational institutions offer programs that equip aspiring engineers with a solid foundation
(see Figure 3).
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These universities in Slovakia offer engineering programs at the undergraduate (Bachelor's),
postgraluate (Master's), and doctoral (Ph.D.) levels. The specific programs are available across
institutions but commonly include disciplines such as Mechanical Engineering, Electrical Engineering,
Civil Engineering, Chemical Engineering, Computer Sciencenfanddtion Technology. While two

last one faculties are in the higlfemand between enrollees, we can see how graduators of this

FI Odzf GASa& dzadza tte €SIFE@Ay3a {ft20F1Al OFdzaAy3 GKS

The Slovak Government implemented the new dual education framewacKitating shared
theoretical education in schools and practical training in companies (CVTI, 2022; Cedefop, 2020). The
companies joining the new scheme have the advantage of not only benefiting from a prepared and
qualified labor force but also from #éhpossibility to utilize related incentives. By SARIO, more than
1,000 companies & 8,400 students joined dual education in 2020.

Education in Slovakia Continuing education and training programs are available to
engineers in Slovakia (workshops, seminars, and specialized

courses).
Technical faculties

However, the COVHDO shift has made its mark (European

Students in engineering Commission, 2020). A lot of students that used to lazy online
18,000 . . .
related fields lections with low involvement are not ready for actual
learning and upskilling process. It is important as future
Graduates in engineering generations will nbonly be catalysts of technical innovation

related fields

but will also play a leading role in addressing social issues

. ! (Deasha & Hargoves, 2021, as cited in Beagon & et al., 2022).
Technical vocational

secondary schools

At the same time, engineering education in Slovakia faces

. N several challenges that warrant attention for further
Students in engineering

related fields improvement. One area of concern is the potential for
outdated curricula that do not always align with rapidly
Graduates in engineering ewlving technologies and industry needs. This lag results in
related fields a mismatch between graduates' skills and the demands of
® Universities the jOb market.

Secondary Schools . i . .
Figure 14 Statistics of education i Insufficient industry collaboration also hinders students'

engineering related flds in Slovaki €xposure to reafvorld challenges and opportunities for
(SARIO, 2022) internships. While efforts are being made, the integration of
interdisciplinary approaches in engineering education and
collaboration with other fields require further emphasisiowever, Slovakia supports research and
development (R&D) through grants and subsidies (SARIO, 2020). Engineers can access these funding
opportunities to pursue research initiatives, technological advancements, and collaborations with
industry partners. Tehnology transfer centers in Slovakia bridge the gap between research institutions
and industries (SARIO, 2021Both young and oldchool engineers can pursue specialized training
programs, certifications, and workshops to enhance their skills and kdgelend develop themselves
as professionals. But as it was mentioned, usually that who actually attend all of those activities sooner
or later leaves Slovakia seeking for better opportunities.
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3.4 VET sector in Slovakia

3.4.1 The national VET system

Voational Education and Training in the Slovak republic is defined and legislatively regulated by the
Law No. 61 of 2015. Under this law the vocational education is understood as an educational process,
in which knowledge, skills and competences are necgdsara specific vocation, group of vocations

or execution of vocational activities. It is divided into theoretical and practical education.

The system of Vocational education and Training in Slovakia is based on the model established in the
1970s, whichfocus was to provide all students with at least upper secondary education, primarily
through vocational schools. The reform of the vocational education system introduced with Law No.
61 of 2015 introduced additional elements of the dual vocational educatitnich is based on practical
learning in the work environment provided by partner employers, which have contracts with individual
students (Cedefop, 2016).

VET education including engineering education in Slovakia is predominantly provided at the upper
secondary level. Prechool and Primary school educational levels provide for mostly general
education. Lower secondary level vocational programs have a smalber of learners. Lower
secondary, upper secondary as well as gastondary levels of VET in Slovakia are provided by
ASO2yRIFNE @20l ( §2YNBREWIOK2RI ANY 12 NOY{ hi~I © {2aitSyYy 27
to strict regulation and extengé curricula. System of secondary vocational schools consists mainly of
public schools. However, the number of private and church schools has gradually increased since 1990.
In the school year 2021/2022 85,4% of students studied at public schools, 1%t schools and

only 3,2 at churctaffiliated schools. The total number of students at vocational schools in Slovakia in
2021 was 121 470 students, which is continuously decreasing from 202 621 students in 2000 (CVTI,
2021).

VET in Slovakia is strictlegulated by the state. Wide variety of secondary VET programs ensures a
high level of vocational education among youth as well as reduces the dropout rate in the sector. In
2019 91,3% of population between 24 years of age finished at least upgecondary education

(in comparison to 82,7% in E28) and in that same year only 6,9% of 18 to 24 years old left the
educational system before graduating (in comparison to 11,0% 28t (Cedefop, 2020)

3.4.2 Secondary Education

The VET in Slovakia genlfrastarts at 15 years of age, and can be categorized into following ISCED
levels (Figure 4).
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ISCED 2 level

02-3 years programs mainly for students o years programs with various shares of
who were not able to finish the practical education, which are finished
elementary school education. In some with maturita (graduation exam) allowing
cases, these programs finish with students to continue their studies in
vocational certificates, but are largely tertiary level at universities. Students
finished with proof of apprenticeships. may also receive a vocational certificate.

(ISCED 354). Additionally, there are 3
year programs, which are finished only
with vocational certificate, but without
maturita and do not allow students to
continue in tertiary level. (ISCED 353)

Figure 4 ISCES levels in Slovakia (Cedefop, 2016)

There is an interesting trend within the secondary VET sector, where the interest in the upper
secondary proggms at ISCED 3 level, with maturita graduation exam, which allows students to
continue in tertiary level education, remains strong (ISCED 354). Howeverydsr 8tudy programs

with only vocational certificates (ISCED 353) not allowing tertiary levedagidn are continuously
falling out of interest of the students (CVTI, 2022).

In the school year 2021/2022 there were in total 416 vocational secondary schools in Slovakia, which
accounted for the total number of 121 470 students. In this school there were enrolled students
40 803 in comparison to the graduates at 30 098 (CVTI, 2022).

3.4.3. Dual Education System

Historically, in former Czechoslovakia there were strong ties between the vocational education sector
and the industrial sector&very big company had established its own company school, which offered
education in what would today be called dual education system. However, the ties between the
vocational schools and companies were loosened in the early 1990s during the years adribei
transformation, when many of the companies went bankrupt, were overtaken by foreign investors, or
lost interest in systematic development of VET due to shifting interests.

During the years after 2010, the public debate shifted and the problem credsing number of VET
students and increasing share of students of humanities, the employers started to indicate the
unbalance on thdabour market, which has continuously started to affect also the tertiary level
(Cedefop, 2016).

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
and do not necessarily reflect those of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

251



*

% R Co-funded by
ENGINEERS4EUROPE **** the European Union

Therefore, with the leglative change in 2015 the system of Dual education was introduced in the
school year 2015/2016. It was piloted in close cooperation with Wirtschaftskammer Osterreich and
was based on German and Austrian models. The change brought deeper involvemenpahsiin

VET as well as raising focus of practical education and regulation of VET based on the needs of the
labour market. Increasing role of social partners in shaping the sector varies from planning and defining
the curricula, accreditation processaphing and approving the numbers of educational places, etc.

To become an engineer through the VET system in Slovakia, individuals typically follow a specific
educational pathway. After completing compulsory basic education, students can choose torenroll i
a secondary vocational school specializing in engineering or a related field.

3.4.4. VET at higher (tertiary) education

In Slovakia at tertiary education level there are at the moment no universities of applied sciences and
no practically oriented bdwlor's programs. The planned National Programme for the Development
of Education and Training plans to carry out substantial reforms to address this problem in the next
ten years.

Currently there are 35 higher education institutions (including 12 privaieplovakia offering
Vocational education at tertiary level. These offer bachelor, master and PhD studies and basic and
applied research in various fields. Slovak technical university is the second largest university in the
country based on the number & il dzZRSy 1a 6a~+zxF~ { WX HAHMO®

3.4.5. VET Governance

The system of Vocational education and training in Slovakia is strictly regulated. The highest authority

Ad (GKS aAyAaidNR 2F 9RdOIFIGA2Y>E { OASy OS>z wbta&SI NOK
@GSRe @éaldzydz I OLRNIdz {wOd LYy GKS aSOil2NI 2F aS(
governing regions play an important role as founders of secondary vocational schools, thus the
ministry oversees the whole system, but the secondary stshare subordinated directly to the Self

governing regions. The VET sector is specific also by the involvement of employer’s interest
organizations, who are represented in the Government council for VET (Rada vlady SR pre OVP) and 8
Regional councils forET.

The system of the adult education is simultaneously regulated by the Ministry of Social affairs and
Family of the Slovak republic (Ministerstvo prace sociélnych veci a rodiny SR), which regulates and
appropriates the funding for continuous educatioreasures as labour market policy.

3.5 Skills anticipation framework in Slovakia

The development of skills anticipation in Slovakia is currently in progress (Cedefop, 2020). Various
actors are responsible for different aspects of skills anticipation, Heit tooperation is not always
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effective. As a result, the labor market intelligence produced is fragmented and does not fully meet
the needs of different endisers.

In 2017, the government approved the National Programme for the Development of Education (NDPE),
which was designed by the Ministry of Education. Thigddy plan consists of policy measures that
directly relate to skills anticipation. Although there @everal measures in place for skills anticipation,
such as collecting and analyzing administrative and survey data, as well as skills forecasting, it is
believed that the connections between these different sources have not been fully utilized.

The regulaibn of skills anticipation activities is governed by laws on public employment services,
general and VET, and higher education. Additionally, the recently developed National System of
Occupations (Narodna Sustava Povolani) and National QualificationsmSyitErodnej sustavy
kvalifikaci), along with inteinstitutional sectoral VET councils, are relevant in this context. All of these
nationakevel regulations are guided by the National Employment Strategy of the Slovak Republic
(20142020), which establig#s the link between national and European policies.

Most of the existing skills anticipation initiatives have been developed under the Ministry of Labour,
Social Affairs, and Family (MPSVR), with the Central Office of Labour, Social Affairs, and Family
(CQ.SAF) taking the lead. COLSAF is the main entity responsible for gathering and providing data and
information about the labor market situation, including skills assessment and its developments, to
relevant institutions. The key tasks related to skills Gipétion are assigned to COLSAF and regional
labor offices. The Ministry of Education, Science, Research, and Sport is also a key player in
coordinating policymaking, particularly in relation to VET and higher education. At theatiobal

level, sefgowerning regional authorities lead the dialogue with other stakeholders.

Currently, there is no specific budget allocated for skills anticipation in Slovakia, and a significant
portion of the resources for generating skills intelligence comes from the Eanoecial Fund (ESF)
(Cedefop, 2020). Despite the existence of anticipation activities, the lack of a coordinated approach
has hindered the effective link between the gathered skills intelligence and policymaking. As a result,
the impact of skills anticigigon-oriented research on policies remains weak.

The Primary research: Slovak stakeholders focus groups

During our research, we held several meetings with stakeholders. They included one focus group
meeting, faceto-face interviews, and informal interviews with partners, who are relevant stakeholders

in the field. A total of 25 participants from the industeducational sector, entrepreneurs and research

and development fields took part in the primary research activities. In addition, the project partnership
conducted an online surveyln specific relation to the research questions addressed in this paper,
LI NOAOALI yiGa 6SNB FalSR G2 oNIAyadz2N) 2y GKS
future.

The data collection took place in June and July 2023. Focus group meeting lasted an hour and a half
and was undertaken in the native language of fagticipants in order to facilitate a deep discussion.

The standardised questions as defined in the Methodology were followed to the extent possible in
order to induce the discussion.
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The data was then summarized and synthesized according to a starethigicmplate and data
treatment procedures including.

The portrait of the focus group participants is showrAimex B The interview results are obtained
and the issues discussed are showAimex of this paper.

The main outcome of the research wasideion of several key points formulated by the respondents.

The engineering profession is expected to undergo rapid development in the next 5 and 10 years,
driven by technological advancements, digitalization, interdisciplinary collaboration, and ¢hefris
artificial intelligence. Despite the decline of some professions, engineers will continue to be in high
demand, contributing to mechanical, industrial, agricultural, scientific, and green progress.

The engineering profession requires a combinatiotechnical and transversal skills. Technical skills
encompass proficiency in digital technologies, information and data literacy, communication and
collaboration, problensolving, and interdisciplinary competence. Transversal skills, such as
adaptability, eamwork, leadership, and emotional intelligence, are increasingly important for
effective communication and collaboration, given the growing interdisciplinary nature of the
engineering profession.

Hard skills in engineering pertain to technical expertisd knowledge specific to the field, while soft
skills refer to nortechnical interpersonal and communication abilities. Both hard and soft skills are
crucial for success in the engineering profession. Hard skills provide the technical foundation for
problem-solving and innovation, enabling engineers to analyse complex problems and implement
effective solutions. Soft skills, on the other hand, are vital for effective communication, collaboration,
leadership, and adaptability, enabling engineers to work weilh clients, colleagues, and
stakeholders, and contribute to a positive work environment and project management.

The engineering profession plays a significant role in implementing the Sustainable Development Goals
(SDGs) set by the United Nations. Engisecontribute to infrastructure development, renewable
energy and climate action, water and sanitation initiatives, sustainable urbanization, sustainable
industrial practices, innovation and technology, among others. Through their expertise, engineers
dedgn and construct sustainable infrastructure, develop renewable energy technologies, ensure
access to safe water and sanitation, promote sustainable urban planning, and drive innovation for
sustainable solutions.

The engineering profession can contribute achieving the SDGs by developing new skills and
competencies. This includes integrating sustainability principles into design, acquiring expertise in
renewable energy technologies, designing sustainable water and sanitation systems, incorporating
smart technologies into urban planning, acquiring circular economy and waste management skills, and
fostering interdisciplinary collaboration to develop holistic solutions.

Engineers can become "conscious engineers" who prioritize ethical and sustainable préwctogh
various strategies. These strategies include incorporating ethics and sustainability into engineering
curricula, providing experiential learning opportunities, fostering a culture of continuous learning,
implementing mentorship programs, encourag interdisciplinary collaboration, and adhering to
industry standards and certifications.
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The engineering profession faces challenges and opportunities in adapting to the changing nature of
required skills and competencies. Challenges include keepingwitip rapid technological
advancements, meeting interdisciplinary demands, evolving sustainability expectations, and
embracing globalization and cultural awareness. Opportunities arise from innovation and
entrepreneurship, emerging technologies, lifelongarldng and professional development,
collaborative approaches, and global connectivity.

Engineering education and training programs can better prepare students for the evolving nature of
the profession by emphasizing interdisciplinary learning, providamgiion experience, incorporating
emerging technologies, integrating ethics and sustainability throughout the curriculum, fostering
entrepreneurship and innovation, and promoting a culture of continuous learning.

Successful multistakeholder partnershipaddressing skills shortages/mismatches in the engineering
profession require clear objectives and alignment, engagement of diverse stakeholders, collaboration
and coordination, targeted training and education programs, continuous industry engagement,
leveraging technology and innovation, recognition of prior learning and experience, sustainable
funding and resources, and evaluation and monitoring.

Policies and initiatives at regional and national levels can effectively address skills
shortages/mismatchesni the engineering profession by crafting comprehensive skills strategies,
promoting interdisciplinary collaboration, providing harois learning experiences, incorporating
emerging technologies, fostering entrepreneurship, recognizing and celebratingvecteats, and
facilitating publieprivate partnerships for shared knowledge and resources.

Identification and exploration of emerging opportunities within the profession

5.1The Growth of Job Places

What we expect in the profession? Accordindgeiaropean Labour Authority, Directora@eneral for
Employment, Social Affairs and Inclusion (20B&)émployment level of researchers and engineers
is expected to grow by a further 15% between 2018 and 2080plus diring this time, more than 1
million rew jobs for researchers and engineers will be created. That means that, firstly, engineers
from different fields will be in dight demand, and, secondly, it will require more education
programs to prepare that number of future workers.

Anyway, for enginers from the industry, it is a great opportunity to take advantage of the expected
growth in the profession. With the projected increase professionals in these roles can expect a
plethora of job opportunities. For industry generally it fosters innovatignapping into a larger pool
of professionals. Secondly, it enhances problstving capabilities, allowing engineers to address
complex challenges effectively. Fourthly, it drives industry growth and attracting investments.

5.2 EnergyEfficiency and Renewable Energy
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Engineers can contribute to energy efficiency efforts by designing and implementing technologies that
reduce energy consumption in various sectors (WEF, 2023). This includes developing smart building
systems that incorporatenergy management and automation to optimize energy usage (UNESCO,
ICEE & Central Compilation and Translation Press, 2021). Engineers can also desiggffmmngy
HVAC (Heating, Ventilation, and Air Conditioning) systems, lighting solutions, andtidnsul
techniques to minimize energy wastadéoreover, engineers can play a key role in the development
and implementation of renewable energy technologies. They can design and optimize solar power
systems, including photovoltaic (PV) panels and solar §atm harness the energy from sunlight.
Engineers can also contribute to the advancement of wind energy technologies, such as the design of
wind turbines and wind farm layouts, to capture wind energy and convert it into electticiaddition

to solar aml wind, engineers can explore other renewable energy sources such as hydroelectric,
geothermal, and biomass. They can design and develop systems that harness the energy from water,
utilize geothermal heat, or convert biomass into bioenergy. Engineersptamipe the efficiency and
reliability of these systems, ensuring the sustainable generation of renewable energy.

Furthermore, engineers can contribute to the development of energy storage technologies. They can
design and optimize energy storaggstems such as batteries, pumped hydro storage, or compressed
air energy storage. These storage solutions are essential for ensuring a stable and reliable supply of
renewable energy, enabling the integration of intermittent energy sources into the grid.

5.3 Robotics and Automation in Construction

Engineers can leverage robotics and automation to automate repetitive and-iatemsive tasks in
construction. They can design and develop robotic systems that can perform tasks such as bricklaying,
concrete pairing, material handling, and site inspections. These robots can work with precision, speed,
and consistency, reducing reliance on manual labor and improving overall construction efficiency
(CorderoGuridi, CuautleGutiérrez, Alvaredamayo & CaballerMorales, 2022).

Additionally, engineers can utilize Al algorithms and machine learning techniques to enable robots to
learn from data and adapt to changing construction environments. This can improve the flexibility and
adaptability of robotic systems, makirtiem more capable of handling complex construction tasks
and dynamically adjusting to project requiremenEurthermore, engineers can contribute to the
development of autonomous construction vehicles and equipment. This includes autonomous cranes,
excavaors, bulldozers, and drones, which can operate with minimal human interventamgineers

can also implement advanced sensing technologies in construction projects. This includes the use of
LiDAR (Light Detection and Ranging) scanners, 3D imaging omed for site surveying, mapping, and
monitoring. These technologies enable engineers to gather accurate data, detect potential issues, and
facilitate efficient project planning and management. Moreover, engineers can contribute to the
integration of roboics and automation with Building Information Modeling (BIM) systems. By
combining robotics, automation, and BIM, engineers can optimize construction processes, enhance
collaboration between stakeholders, and enable s@e monitoring and control of consiction
activities.

Identification and exploration of needs within the profession
Funded by the European Union. Views and opinions expressed are however those of the author(s) only
and do not necessarily reflect those of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

256



*

% KR Co-funded by
ENGINEERS4EUROPE **** the European Union

6.1 What are the emerging needs of the engineering profession?

In response to the rapidly evolving landscape of the engineering profession, several key needs have
emergel that can contribute to the success of engineers in the digital era. One crucial requirement is
the provision of vocational training (VET) programs for engineers. These trainings serve as valuable
opportunities for professionals to update their skillsawtabreast of industry advancements, and
enhance their knowledge in specific areas. They can also cater to the needs of experienced engineers
by offering digital and automation upskilling programs, ensuring they remain competitive in the digital
transformaion of industries.

Another area where VET can significantly benefit engineers is in the use of simulation technologies. By
providing trainings on simulation tools and methodologies, engineers can leverage these powerful
tools to model and analyze complesystems, optimize designs, and predict performance. This
enhances their problersolving capabilities, improves efficiency, and reduces costs in their projects.
However, in practice, simulation is currently only beginning to take root in the engineerifesgian,

and is only sometimes combined with physical testing. In the future, this link between the industry and
the use of simulation testing needs to be strengthetiedort & Fatemi, 2021).

There is a need for new disciplines and updated university aulariin engineering education.
Traditional engineering disciplines must adapt to include coursework and practical experiences that
reflect the emerging technologies and challenges of the digita{eagon, et al., 2023).

Addressing these needbrough comprehensive trainings, curriculum updates, and support systems
can empower engineers to navigate the future successfully.

6.2 Prognosed necessary skills pack for engineers

To ensure the preparedness and effectiveness of engineers in meetingdtienges of the future, it

is crucial to understand the required skills for this profession. This review explores the evolving nature
of the engineering profession and provides a prognosis of the required skills for engineers. A summary
of them is showrbelow in Figure 5.
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Figurel5: Prognosef required skills for the engineering profession (World Economic Forum,
2023; European Commission, 2023; Beagon & et al., 2023; Cedefop 202; OECD, 2018; Cedefop,
2018
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One of the notablerends in the engineering profession is the increasing demand for engineers with
multidisciplinary knowledge and skill§sgng, Tran, Minh Ha, Bui & Li2821).The proliferation of
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digital technologies and automation has significantly transformed the eeging profession and will
continue to do so in the future.

One of the major impacts of digital technologies and automation is the increased emphasis on digital
literacy and proficiency in engineering. Engineers now need to possess a strong foundation in
computer-aided design (CAD), computer programming, data analysis, and simulation tools. Proficiency
in these digital tools and technologies is essential to design, model, and optimize complex systems
efficiently (Deloitte, 2022; OECD, 2019). Moreover, thtegration of automation and robotics in
engineering processes has led to a shift in the skills required. They must understand how to leverage
automation technologies to improve efficiency, productivity, and safety in various engineering
domains (Deloitte2022).

Given the rapid pace of technological advancements and evolving sustainability challenges, engineers
must cultivate adaptability and a commitment to lifelong learning. Continuous professional
development is crucial for engineers to stgydated with the latest advancements, emerging trends,

and best practices. By embracing adaptability and lifelong learning, engineers can contribute to
innovation and drive sustainable development in Europe (Conde et al., 2021).

In addition to technical epertise, engineers are increasingly expected to possess strong
communication, teamwork, and leadership skills. Collaboration across disciplines and cultural
boundaries has become essential for successful engineering projects (Deloitte, 2022). Theoability t
work effectively in diverse teams and navigate intercultural contexts has become crucial for engineers
(Handford, Van Maele, Matous & Maemura, 201®@)means that as engineering is becoming a
multidisciplinary and multicultural profession it will regeirskills that can afford individuals to
communicate effectively and positively. In this case, a new generation of engineers needs to be
tolerant, they need to be able to manage stress, manage conflicts, learn from others, and have an
understanding of the @anmon purpose.They must navigate cultural differences, understand local
contexts, and ensure that their projects are inclusive, equitable, and respectful. They must navigate
cultural differences, understand local contexts, and ensure that their projeetmalusive, equitable,

and respectful. By embracing cultural competence, engineers can contribute to the goals of reduced
inequalities, responsible consumption and production, and sustainable cities and communities
(Handford, Van Maele, Matous & Maemugd)19).

The skills profiles engineers adjust to the needs and developments of the sectors/industries they work
for. Crosssectoral trends are also expected to further shape the demand for skills. So, Figure 6 is shown
key drivers that affect the engineegrprofession and will be affecting in the nearest future.
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Energy sector

Figure16 Drivers of change that affect the engineering profession (Cedefop, 2019)

Various trends are expected to shape the future engineers. Business semvitading financial and
insurance activities, information and communication technology (ICT), healthcare, media, and
wholesale and retail, are anticipated to contribute significantly to employment growth in this
occupation (Cedefop, 2019). Manufacturingarjicularly in the automotive industry, will also
experience strong employment growth due to the adoption of new automation technologies and
increased research intensity. Education and health sectors will see an expansion in demand for
researchers and enggers due to the growing technology intensity in healthcare and the emphasis on
STEM education.

The increasing importance of electronics in various industries, such as automotive and building
construction, will result in a rising demand for skills related electronic development and
manufacturing, potentially impacting classical mechanical engineering skills. Emerging technologies,
like marine renewable energy, will require interdisciplinary skillsets combining expertise in areas such
as power electronicgnechanical engineering, hydraulics, automation, and computing (Cedefop, 2019;
UNESCO, 2021).

6.3 How these skill needs can be met?

The VET system plays a significant role in developing specialized skills for engineers and science
professionals, enablg them to acquire both sectespecific and transferable competencies. This
includes essential abilities such as business acumen, leadership, and management expertise. To
enhance the level of thouse training, national authorities can provide targeted suppo companies

that have advanced training practices emphasizing competence development and effective learning
outcomes.

To address skill shortages and expedite the implementation of suitable training approaches in
emerging industries requiring highly esgfic skill sets, partnerships and collaborative efforts among
government authorities, social partners, and other stakeholders are crucial. The establishment of
partnerships can offer effective solutions in these cases. The European Skills Councilrfaritinge
technology sector serves as a valuable example, providing lessons and inspiration for fostering
cooperation and addressing skill challenges.
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Partnerships also have the potential to facilitate training and learning experiences "outside of the
classroom”. This can involve study visits, knowledge sharing through voluntary associations, or
spending time in different employers or associations. Such initiatives are particularly relevant for skill
sets that draw expertise from multiple sectors, lteveloping ecdriendly knowledge in architecture
(Kalck, 2015, as cited in Capefop, 2019).

Considering the growing demand for highly qualified engineers, it is essential to make STEM/MINT
subjects more appealing to young people. This requires effortadmease the attractiveness and
quality of these subjects throughout primary, secondary, and higher education. Additionally, teacher
training programs play a crucial role in making STEM subjects more engaging by enabling teachers to
connect scientific and regineering concepts with current issues and developments. However, it is
essential to support these efforts with effective career guidance for students.

In order to promote diversity in the workforce and encourage women to pursue science and
engineering pofessions, certain countries like Norway, Germany, and the Netherlands have placed
special emphasis on making these fields more attractive to women (Caedefop, 2019). The European
Commission is also taking steps to support the advancement of women in 36teskjpns. They are
funding a resource hub that provides policymakers, experts, and prospective professionals with policy
briefings, best practices, experiences, and other relevant information to promote the inclusion and
progression of women in STEM care (GenPORT, 2016, as cited in Capefop, 2019).

Challenges

7.1 Fourth Industrial Revolution

¢KS ROFIYOSYSyid 2F (SOKyz2ft238 OFrftfta TF2N (2RI&Q

atmosphere full of automation, virtual and borderless world. Accorglinghgineering graduates need

to be prepared for jobs that never exist for the last 10 or five years. As a preparation to take up the
Fourth Industrial Revolution (4IR) challenges, there is a growing demand for engineers to master
certain skills to be abl® secure their career. Ones who put their effort to learn new things and acquire
certain skills not only make themselves confident and-as$fured, but also are getting an advantage
when attending job interviews (Kamaruzaman, Hamid, Mutalib, & Rasl®)20

One of the primary challenges is the technological complexities associated with the integration and
convergence of emerging technologies. The 4IR brings together technologies such as artificial
intelligence (Al), robotics, Internet of Things (I0Tg,data analytics, and advanced automation (Abioy

et al., 2021; Mishra et al., 2016).

Al will change the nature of work as it replaces and alters components of human labour. Policies will
need to facilitate transitions as people move from one job to anagtterd ensure continuous
education, training and skills development (OECD, 2021). Integration and interoperability of Al
technologies with existing infrastructure will be challenging. Engineers must address the seamless
integration of Al systems with devieand data platforms. Interoperability standards and compatibility
testing are necessary to ensure effective collaboration between Al systems and existing engineering
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systems. Finding the right balance between human expertise and Al capabilities ieagehdllser
friendly interfaces and intuitive workflows are necessary for seamless huhareraction.

The transformation of the workforce is another significant challenge. As automation and Al replace
and alter components of human labor, engineers neeédapt to new roles and skill requirements.
Continuous education, training, and upskilling are crucial for engineers to remain relevant in the
changing job market.

Ethical considerations pose a critical challenge in the 4IR era. Engineers must navgaex@thical
dilemmas, autonomous systems, data privacy, and algorithmic bias. Ensuring transparency,
accountability, and fairness in the design, development, and deployment of technologies is vital.
Ethical frameworks, guidelines, and responsible intiongpractices can help engineers address these
challenges and ensure the ethical use of technology (Floridi et al., 2018; Jobin, lenca, & Vayena, 2019).

The development of policy and regulatory frameworks is crucial to address the challenges and risks of
the 4IR. Governments and regulatory bodies need to adapt quickly to the evolving technological
landscape to safeguard public interest, protect privacy, ensure data security, and address potential
societal impacts. Collaborative efforts between industradiamia, and policymakers are necessary to
establish flexible, adaptive, and inclusive regulatory frameworks (OECD, 2021).

7.2 Climate Change

One significant challenge for engineers is the need to design and construct resilient infrastructure
capable of vithstanding the impacts of climate change. Rising sea levels, increased frequency and
intensity of storms, and changing precipitation patterns pose risks to coastal areas, transportation
networks, water supply systems, and other critical infrastructuregif@ers must consider these
climaterelated risks in the planning, design, and maintenance of infrastructure to ensure their
longevity and functionality (Portner, 2022).

Another challenge is the integration of renewable energy sources and the transitilmvioarbon
technologies. Engineers are tasked with developing and implementing sustainable energy solutions,
such as solar, wind, and hydropower systems, to reduce reliance on fossil fuels and mitigate
greenhouse gas emissions (Masgpeimotte et al., 202).

Engineers must address the need for efficient water management in the face of changing climate
patterns. This includes designing and implementing water storage and distribution systems,
wastewater treatment facilities, and flood management strategibattaccount for variations in
precipitation, droughts, and changing hydrological patterns. The development of sustainable water
management practices and technologies is crucial for ensuring water availability, minimizing water
waste, and adapting to wateelated challenges (Ujile, 2020).

Additionally, engineers will face challenges related to clirratated hazards and risk assessment.
They must develop comprehensive risk assessment methodologies to evaluate the vulnerability of
infrastructure and commuties to climaterelated hazards, such as floods, heatwaves, and wildfires.
This involves incorporating climate projections, modeling techniques, and resilience strategies into
engineering practices to enhance preparedness, response, and recovery (L3ig, BOr instance,
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integrating renewable energy systems, implementing smart grids, designing carbon capture and
storage technologies, and developing advanced monitoring and control systems. The engineering
profession will face the challenge of managingitifeerent complexity of these technologies, ensuring
their reliability, interoperability, and resilience, and addressing potential risks and unintended
consequences.

In conclusion, climate change will be requiring engineers to develop resilient infrastructure, integrate
renewable energy, manage water resources, assess clmelted risks, and consider social and
ethical dimensions of climate change.

7.3 Infrastrucure Resilience and Aging

Many countries around the world face aging infrastructure systems that require significant attention,
renovation, and maintenance. This challenge arises from the fact that infrastructure, such as bridges,
roads, dams, and water sply systems, built decades ago, was not designed to accommodate modern
demands, changing environmental conditions, and increased population densities.

One of the key issues related to infrastructure resilience and aging is the deterioration of matetials an
structural components over time. As infrastructure ages, it becomes more susceptible to wear and
tear, corrosion, fatigue, and other forms of degradation. For instance, bridges and roads may develop
cracks, corrosion, and structural deficiencies, posiigks to public safety and transportation
efficiency. Similarly, water supply systems may suffer from leaks, pipe bursts, and decreased reliability,
affecting water availability and quality.

To address these challenges, engineers are focusing on deveiopiavative solutions and strategies.
Retrofitting existing infrastructure is a common approach, involving the strengthening and
modification of structures to improve their performance and extend their lifespan. This may include
techniques such as addintgsl reinforcements to bridges or using advanced repair materials for road
surfaces.

In addition to retrofitting, engineers are incorporating advanced monitoring technologies to assess the
condition of aging infrastructure in retime. These technologiemclude sensors, remote sensing
techniques, and data analytics that enable engineers to detect early signs of deterioration and
proactively plan maintenance and repairs. Continuous monitoring can help identify potential
vulnerabilities and prioritize infdructure investments.

Moreover, sustainability considerations are being integrated into infrastructure design and
construction practices. This involves using-&tendly and durable materials, incorporating energy
efficient features, and implementing gga infrastructure solutions. Sustainable design principles not
only enhance the resilience and longevity of infrastructure but also contribute to minimizing the
environmental impact and resource consumption associated with infrastructure projects.

Publicprivate partnerships (PPPs) and innovative financing mechanisms are also being explored to
address the financial challenges of infrastructure resilience and aging. By involving private sector
entities, governments can leverage their expertise and resouedand and deliver infrastructure
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projects more efficiently. PPPs can enable the adoption of new technologies and innovative
approaches, speeding up the renovation and modernization of aging infrastructure.

By doing so, they aim to ensure the safety,alelity, and longevity of critical infrastructure systems
that support economic growth and societal wb#ing.

7.4 Working with new materials

In the future, advancements in scientific research and technology are constantly uncovering novel
materials withunique properties and characteristics. Breakthroughs in fields such as nanotechnology,
biomaterials, and composite materials are paving the way for the discovery and development of
materials that offer enhanced mechanical strength, improved electricalectivity, superior thermal
properties, or superior chemical resistance. These new materials have the potential to revolutionize
various industries, including aerospace, automotive, electronics, healthcare, and ekkngaver,

the growing demand fosustainability and environmental consciousness is driving the search for eco
friendly materials. As engineers seek alternatives to traditional materials that have negative ecological
impacts, they are exploring bisased materials, recycled materials, andterials with reduced carbon
footprints. The engineering profession is embracing the challenge of finding and utilizing materials that
are renewable, biodegradable, or recyclable, aiming to minimize waste generation, energy
consumption, and environmentabllution.

In addition, the increasing complexity of engineering applications necessitates the development of
specialized materials. There is a need to design materials that can withstand extreme conditions, such
as high temperatures, corrosive environmgnbr intense mechanical stresses. New materials with
exceptional properties, such as higgmperature alloys, superconductors, or smart materials, are
being developed to meet these demanding requirements.

One significant challenge is the limited understang and knowledge surrounding these materials.
New materials often emerge from breakthroughs in scientific research or advancements in
manufacturing techniques. Engineers must grapple with a lack of established design guidelines,
material properties, andongterm performance data. This necessitates a cautious and iterative
approach, including rigorous testing and simulation to comprehend and harness the capabilities of
these materials effectively.

Another key challenge is the integration of new materiate existing manufacturing processes and
infrastructure. This means that it will be necessary to ensure compatibility with existing machinery,
tools, and techniques, or develop new methods to accommodate the unique properties of these
materials. Compatility issues may arise due to variations in thermal expansion, processing
temperatures, or chemical reactions. Engineers must also consider the cost implications of adopting
new materials, as initial manufacturing setup costs can be high, and supply @rajtidns or limited
availability may affect production scalability.

Conclusions and Recommendations
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This report examined the main trends and weaknesses of the engineering profession in the future, and
also suggested ways to strengthen the professidme main thing that became obvious is that future
generations of engineers will not only be catalysts of technical innovation but will also play a leading
role in addressing various social issues.

These sustainability challenges call for future enginedrs are able to deal with these-dlefined,
openended, crosslisciplinary, complex sockechnical problems. Thus, in order to deal with these
complex and global societal challenges, future engineers need to be equipped with a new set of
competences andipskill themselves all the time. This is what meansldifgy learning. Adapting to
emerging technologies and interdisciplinary demands will be crucial for professionals in this
occupation to thrive. The summarization of future required skills and motditaf existing skills for
engineers was presented in this report. The main of them are technical, industrial competences,
holistic, critical thinking, problersolving, effective communication and teamwork, ethic
competences, lifdearn skills, involvingew technologies in the work process, and data analysis.

In Slovakia, there are a lot of opportunities for engineers such as trainings, exchanges, practice during
the education process, wedlquipped classrooms, research and development support, butrthin
problem is the low interest of individuals who are left and the human capital flight of that who actually
participated those activities. Meanwhile, the Slovak VET system is orienteered for the future labour
market as it contains a lot of practice less. And this is its advantage.

There was considered solutions such as continuous professional development programs, industry
academia partnerships, and regular skill assessments to identify emerging skill needs. They are
essential. Additionally, promotingnterdisciplinary education, providing relevant internships and
apprenticeships, and encouraging lifelong learning can help bridge the gap between required skills and
available talent. By actively addressing skill mismatch, the engineering professibattamalign the

skills of engineers with industry demands.

There was also a conclusion that communication and other soft skills are essential for engineers as
they are expected to be proficient in presentation, organization, leadership, conflict orreultu
resolution, etc. The engineering institutes should include soft skills development programs and courses
in their curricula. This should be made in a way to combine it with technical skills avoiding an
overcrowded curriculum.

Overall, the future of engeers looks promising, with significant job growth expected in various
sectors. As technology continues to advance and industries become more complex, the demand for
skilled engineers is set to rise. Consequently, there will be a pressing need to exghedhamce
educational programs to equip aspiring engineers with the necessary knowledge and skills to meet the
evolving demands of the workforce.

One of the primary needs that arise from the projected job growth is the requirement for
comprehensive and sp&lized educational programs. Traditional engineering disciplines such as
mechanical, civil, electrical, and chemical engineering will continue to be vital, but emerging fields like
renewable energy, artificial intelligence, data science, and robotidsalgb become increasingly
important. To meet these evolving needs, educational institutions and training centers must develop
and offer programs that cover these emerging areas of engineering, ensuring that graduates are well
prepared for the challengeshd opportunities that lie ahead.
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Annex A

Table A: Supporting organizations for engineers in Slovakia

D21t a

¢KS {//9 Aa N
NBBHdzi/I GKS LN
LN} 08 0§ 2F OA

~
~~
N
(O]

—
>
©
[
et

(
(

<
w»
Z
&
C
)
(&)
N

< Baax o

o <
U'))PD>\'>"FQ>‘<,-H>\'U)>(D

<, ax
D —

cCn h
-<TN.)
Taa
zZ ;U»(/»
&
>
o~
=
N O
E§
>, 2
DN L U L
4 ><
=
o &

> =k > A
W™ "< O

ELLI'_;LQJU'“"
Cl\mng
KC:\T?-H(D)
£z

HH DD o> o g Moy

>
MO ZQZ RS T O

T >
T~ Xx O N L

TN NN
—~ —h

> (fp Th > Qx
TONNTOe MT T T OH > < T OO

KgLIYKK@ZGood

™ Q.
N

m ~h

<

- ()
w ]

vvvvv

C -
(I))QJ(N)LU (=N

QO ZMNHMZZN
QX
—
[
o

N
Z 20O
T QO
N
—

5‘(}))
—<
L >

T N> g OR O
> O

Z T O T T TSN
< >RR"
W W Z <

G)E_;[y(n)%‘(j)

N ()

<< oty
P

o <<
W O up W S
O Qx

Q¢ C:n (D

Ny

CSh L Oy W N Jgess ¢ Qy O &

N
= >
W<, < Sz Z
Z W™ W
=z ot
(&

< > o>

Q)¢
Sl DR g <

O HHOK R O > =< = Z >N
R

aPAaSa

t>~
= O M Qx
>

HJEU(""‘Z

{f2®|°[
I 3a2O0Al
[ 2y adz :
9YIAY SSN

def]dzlf 022N\R7\ KglLldaYkkal C

‘< Q¢ Ca
WSSO R o w

= 0O Z

<

D>

x U Uy
>

:

O] > "o M ¢ 1

%,-a-.
RMWR*">NZ6 ~—gh—
No

(

> O O(hd"'"‘
T‘T‘C:\y

O Z O«
C(%‘

N

O(>\- cnO _<
[ e

< (&)

L
SKgLIAYKKI GG
>

[

WO L N W™ U O N i

—~
No
S
—
T
(C:\Q.)(LUEE;U<<'_?Q.)(?U))O(I_
N
—h
< N
L
>

SN

d420ASaSazx az2O0A

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
and do not necessarily reflect those of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

271


http://www.sksi.sk/
https://sace.sk/
https://www.zsvts.sk/

ENGINEERS4EUROPE

3
2
K

m\f-'-.ﬁ

o<,

,-»-.>,,U)’

~h

> U
O( N

— v

— (n
W JO<H Oce O™

OcZ O™
(j‘))&’)NJ Q)¢
< W< o
C:~>“'-<NJ
Z N > O
p < Q¢ >
ac — (yp =
g "TWwo
Q¢ N

(@

N
[<H)
- TN -

[

<7 <8~ -
LU

S (> >N T
OO — >
O™ >, > = >

N

[ SN ¢ =t O(

< HdC:\m>
OO0 < O™ O(Ck(/»E O — ™ > = QU >> U S ™

S

M8 wnwnwgwH—~
o 2

ZWONMZRRIOZ ™2

AN Z =N
H yw =

1]

&
>

N
Y
w
>
~z
S
%<

~—
~h
—

Co-funded by

REN the European Union

N
A O
T N

6

?Zrl'l¢>"‘
DO W O, D THM S S

Q\% » O«
()] L-'C)tT
g0
S, <,

D¢ (U S N N
KRup< S ax
T T o> o
-<

<M< = W

OH "o & — W
S TZ > Z WO RS
ot o <

—
(&
QC S N QX O( .e

Zz< mwa o~ H g <, O U
mW> N A MUY

(@] _oc—_‘_H
> Z T (NSO CCT DTN T Z Sy Z S

W oot oo G v o S g

w U»

FRNMROZON RSO MK >0 QS R
S<-—zoRzZzwoxo zw

N < O < b’)

Q< SR

> T O
?HQ
N
[t

n—°o(
©

LLl
%) w -
<< >

CZ\O(NJ
— NN Z

M O W
T N M g N
Mo~ < R N <
<\ Qx — M L

D¢ -

KgLIAYKKG G E

=
® c.
[
N Z R

puj
LW S U g Qx
> N Ty S

<,

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
and do not necessarily reflect those of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

272


https://www.sschi.sk/

?’; Sl Co-funded by
M the European Union

* *

ENGINEERS4EUROPE

Annex B

Table B1: The portrait of the focus group participants

Focus group organized at the Private Vocational School DSA in Nitra, Slovakia at 19.07.2023
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Table B2: The portrait of the individual Respondents in Primary research in Slovakia
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Annex C

Table CThe interview overview

vdzSas2ya DSYSN}ftAlT a2y 2F | yagsSNA
a2adald AY(iISNWASHsSSa o0StASOGS (KL
fA1S Y2ald 2GKSNREX gAff RSQJSf2|
Faa20Al GSR é)\GK GKS NJ}LAR RS@S
o o zc:)rflyaé Ay GKS 3 O0AKySe UDY SLNENT YR
SYHAYSSNJ\Y:RSQSfAzLJYSVU 2F FNBUOAIE AydStf
Sp2t 68 2po INBFSddA2y gAtf Aeff 0SS Ay KA
LY R mn sappLWNBFSaarz2yd FNB It NBFRE 3N Rdz
F2 N YSOKy RdedOd NI £ = | INR Odzt { dzNJ
bAYGSNRAAOALIX Ayl NEB
b/ 2YLX SE
b a20Alf AT SR
/| 2YaARSNAY3I (KS lo2dn8>0BES V6O
gArAtt 06S Ay RSYFYR Ay 02yyS0e?2
LINEINB&EA yR RAIFAGIEAT L2y 6At
alAftazr adzOK a (GKS dzasS 27 y&®
O2yURSY®DE t AN yR NBaALRYyaArAot S dz
G§SOKy2t23A8a F2N fSIENYyAy3as |
"o 2 K16 ‘Ay@t dzR S & AYF2NNEaz2y FYR REGE
SYSNHAY 3 G YSRAL EAGSNI Oz RAIYVEN LINDANT S
GNJ-;féQSNJiI-téAYQf dZRAY@SRYIABYR OBVEISGSYyOAS
OQYLJSUS){C))\S}\YU St SOUMB tt (LN LISdedid@e 7 Yo Ji BLIBNEHd
Ay 6K S g ' NBUOAL T AYyiSttaasSyos FYR
LJN\ETSééA2yk{VSO2yRZ Fa 0 KSaAS3/ya Ag/ASISINRGYS  ALNG:
O2tt+02Nra2y> (KS AYRdAAUGNE 6Af
I Olj dzA NB 3INBLF §SNJ O2 YLISHISKDISO A fy A
fSl-R‘N:ﬁK)\mfmr\;@oztswyusNJ_JSNﬁzy
A YE(ESA absyQOSZat[g{ Cwha ¢19 !'b9o{/
¢tKSasS afiAatta oGAff 0S8 yORRFIR
O2YYdzy A Ol a2y ééﬂéééy SYLJX 2&8SSa
SGO0dx a GKS FY2dzyd 2F 02YYdzyA
I'FNR YR a2D ajAfta LlIe RAaay
LIN2EFSaaArz2yd | SNBUa K2g GKS@& RA
I'FNR {(1Affay
I FNREBR|IAY SyIAYySSNAy3a NBFSNI G2
D 125 Ges FoAtAsaSa GKEG FNB aLISOAUO G2
ALAEE & BrgeUKNRdzIK SRdzOFe2y> (NIAYyAy3IZ |y
CKSAN] Ayl SYIAYSSNAy3 Ay Of dzRANT LINBYD A § ¥ ¢
% 42558 A A ,dzy RSNEGFYRAY3 2F YIGKSYFaOHt |
éyaxySSNJ\y:/!SVézDél- NBEZ FyR (y2éfSR3IS 27
T1IFNR aiAfta INB SaaSyelf F2NI S
G§SOKYAOQHBYy @RarLIEKSe Syl otS Sy-=
LINPO6f SYyas RSarA3dy Ayy20F 0SS &z
LINE2SOiGa SiSOea@Sted I I NR alAff

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
and do not necessarily reflect those of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

275



% BE Co-funded by
M the European Union

* *

ENGINEERS4EUROPE

st
N

RSaA3ays O2YLldzi S NIAIXN
SYyaaAySSNAy3a:Z $KSNB
B NBIj dzA NER®

o
N
Z
- &

(@}
R
-~ = =
b‘<c:\
T >+ > Q¢ >+

2y UKSSO RYUAKSIND  Ka 1yARE2
AYGSNI Ol O2YYdzy A
NE 2DSy GNIya¥FSNrofsS |
LN2FSaarzyae O9EFYLXSa 27
Y62 N)| 38 2UNRAG/TISY t SE RSNEKA LI
aYS YIyl3aSySyido
A1AYORBHANSBy3ate NB
YSSNAY3I LINPFSEaA?Z2
NbA&AS odzi Ffaz2 Ydzad
NE

—h >
™ Q ¢
Q¢ >F —2 —°

I_LIJG;U(*;U(>*;U<GGI_O(Z
(&)

SN T > S T D O 0 DN T U Ss
[
xR Uy >

S ® OO U U™ T ST D S () <X

CnZ > Z Cx
=S 0

R a2D alAtta I NB O
KSANJNSfIaQS AYLEZN

i FyR NBIdANBYS)
RlFIa2y I yR2NE LEWI
zvutéE LINR 6 f ¢
y3 Ll2aAiszya

. KGO KFNR |

< &\< |'|'|
w
O(

o
N

Z
S
<,
L
w»
(p))
(/'))
&l

>

Q
0]
zZ
f4
Q)¢
N
)
Q)¢
—
>

>
[
>

E

>N T NN Uy T
N
Z
-

—Z ™ Za O O
o~we
o = U
Z
fot
&

N
N < O
Q¢ Cx
= —
> O
Cowg
Q< ()
M D¢ .

S
_
o
Z

> m¢\<.
D¢ o o«
Q)¢

H\C:\??
O(('foﬂd

< TN O
N ¢ ¢

<,
No

O(i >+

w oS X

>Fh
TS e
— LW o @ o,

<]

B — > o >
-HE""U)’

> | >x —h

f-»-.gE??m,g\gyr%zo(o(o(—(\)m(c:\
O
>
W Uy S

@ R Z IO MR — <,

U

no 2KIG Aa
0K Sy 3i; .
f&ifgi%Qﬁ{ AYLX SYSyiil o2y GKIGAEmNbOAL%yA
(it Ayl or LY TNI &0 NIOGdNBO BHAES SNI Sy ES Sa
5§®éf2LJYéyL02yauNﬂany3 édzaul)\}/l-c'),fAS AY?VNJ-é
6{5D&0K 'dZ)\fR)})H?azféeﬁ}ﬁgil\fJaZ AéI'USNJ F'YyR a
YEYF3asYSyid FHOAfAaSA®

<
P

~ Ny )

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
and do not necessarily reflect those of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

276



’:’& Co-funded by
A the European Union

* *

ENGINEERS4EUROPE

9y SNE& Yl yOR/ IAtyBBINGRS ¢
Yyi YR AYLX SYSyillaz2y
2f|- NE 6AYRYI KRRNPRS &N
aisSvyasz LINRY23GS SySNH
?f?I\EEL&S yﬂ?QSay”au}\ fAOREBIY E K @
ya Of AYIF(GS | Osa2y3z: Sy
HeOYHYR {CD2ybd o/ f
{9yaﬂZNagf3a szA@éNhlf
|azy FIL OAfAaSa A
IAYSSNB LX & |
GSNI Viyya IS WS S
dzadl AylrotS &GS
OF NOAGes LkRff dze
INWMIINER yO2Y (I NR O
RBN ﬂ\g/BYsyéuLXSO(D]’n’ayc
NI Fe2y> aAYI NI Ay
ai y I 0 dzNJ f R
SNA KSfLI I OKA

% w U
“ o
I N

(/'))<

ZRXRWww
< < o fd

TN U D¢ ¢ E

D™ T T T Z <
Q¢ gD SR (U S U

> '_"‘< Cn Z Cn () > = 00 N

—
(&
P
[
@]
g ()
O
> (N U

_— > D N =

[

— N

Al
9y
Sy

MZNJU'))<<HNJQ)(
<

o &

a
NJ a
I
I

‘<< Q¢ QX C:\GJ Cn— O o (]

< = W T

g
o O (NHNM O(

Z'_'_F"-\TQJ(Q\FA-\T N~ -
o G

e = a
N N

- Q¢ O

< THhwzoa =z

> 00> > o < &

yﬁlz‘ﬁ wi&ﬁmﬁ\iualz@f |

dza O NR | f LIN} Os O

3SYySNrez2yz I YR
LI S Y S/YSiNI GLINBKRYH2C 02
FGSNALFEAaZ yR SYOAX
dZAOGNEBZI LYyy20la2y>
9 oy SHOK/YS2SENET BR NR B S
G§SOKYy Rt A2X B2 Y X! uus
tKSe O2yUNROGdzIS (2
> |yR 1y26ftSR3IS ¢
D
&

=<
U’))? -

-< m)<\<

_<

¢ oL)/RdzauNJéZ Ly

S
m O
(@]
UNe)
u» @
QO
w
)}
No
- -
[
> QX

g(f»m
< < s
(@)

CRWMDO Ve
X <gz

FOONStISS GKS (NI yaa

aA3yAy3 adzaidl AyltofS
- GSNJ a0l NDAGEe | yR Ayl
O2N1lR2N}oay3d &aYFNI
'.F

N
N
(0=

B > o>
™o mZ<s —
S N U

O S = Oc»©o
N— MR O C
<>z RS W
-

[

(V)]

<

(@ »

>

tn (=

o o

> o Ol

iyAN1AEta AY O A NXD dzt

- >
L
<,
>+
<,
Lu
Z
o
s:u
p
p
0]
<,
=
S
<,
-
Z
[

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
and do not necessarily reflect those of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

277



A B Co-funded by
NI the European Union

* *

ENGINEERS4EUROPE

0 C2A0SNRyYy3I O2fflF 062N dAYINR K &
RSOSt 21 K2t Adaa0O &a2fdze2yad
CANERGAE Aa SaaSyoslf (2dzaNyGa/NI
SYIAYSSNAY3I OdzZNNA OdzA @ ¢KA& Ay
SYLXKIaAT s G4KS SGKAOFt AYLX AO!
LINAYOALX Sa 2F adzaidlAylrofS RS@S
G§KSANI SRdzOlaes DY Y REDEY GENI  a i NP
adzaidlAylrofS LINY Oa0Sa FTNRY (KS

{ SO2Y REEBLISNASyoal t fSINYyAy3 2L
9y Al IAYy3 SYyER2NBEEBNAEINRZSQBAET O KIT
YF{AYy3 yR adddbryhot tf26a (KS
AY LINJ Oa Ol ¢ & O Sy NISE 8I8 NICKAGS
dzy RSNEGFYRAY3I 2F GKS O2YLX SEAa
SGKAOIE O2yaARSNIo2ya | yR &dzai
C dzNIi K S NXYR2Nabi S Nz d d;NS 2F O2yayc
t NEGARAY3 I O00Saa (2 LINBFSaaA
ASYAYINAR 2y SGKAO : ¥
p 5

GKS t1FrdSad LINY Os R (SOK¥Mf
SYyKFryOS GKSANI a1Atfa IyR (y26f
aSYyi2NBRKALI LINR2INrYa OFy I|faz
adzZA Gl AylF ot S LINITGDHaNISSNG Sy RANRS/SN
LINEFSaaAaz2ylta ¢K2 RSY2yadaN)aGs
ddzadlr AylroAtAGe OFry KStLI Ayaesff
cO 12¢ OFy OFy LINRJSARS 3IdARNIYRO STE LAKNINSY ONS
0N} Ay SR G:Y2RSta FT2NI BERAYHAID® RSOA&AAZY
bO2yaOAa22dza [/ 2ftflo02Nla2y YR AYGSNRA&OALX
GK2 LINAZ2NR Sy O2dzNAyFRARAS SNE &aK2dzZ R KIF @S 2L
YR adza LINPFS&aairzylfta FNRBY 20KSNJ RA&O)
LIN} O 0Sa AyazO0Alf aé)\éyeéuéz FyR Lkt AO&Yl
LINEY2{#Sa I oNRI RSNJ LIS NELSI@s &R
GKS a20Alt3X SY@ANRYYSyiGlrfI I yR
[ F &GtRYRdzZAGNE &aidl yRFNRAE FyR 0S8
LINEY2oay3d SGKAOFE IyR &adzaidl Ayl ¢
LJdzNE dzS OSNb UOl o2¢ax NBHz GBSRY I
ddza Gl AYyFroAtAGeE FNIYSH2NL & LINBC
F2N) GKSANI 1y26ft SRAS FyR O2YYAlL
FfA3dy GK S S S aa

SELISOila2yad

LAdzZYYENBE@ AYLI SYSyeay3d (KS&S ai

GKS ySOSaal N aiAtta |yR YAYF

O2yaARSNI 6KS SGKAOFE | yR &adzadl
TO 2 KI @ (¢ KS SYy3aAYySSNRAYy3d LINRFSaairzy FI
OKIFffSyaSa |RILley3a (2 GKS OXI N¥EAY Il YR (OB
2LIR NI dzyAal{2YS (Sé& LRAyGa AyOfdzRSY

/

Ay I RI LJo y 3
Funded by the European Union. Views and opinions expressed are however those of the author(s) only
and do not necessarily reflect those of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

278



% BRIl Co-funded by
ENGINEERS4EUROPE ***** the EuropEan Union

OKFy3aAy3 ylo wkLAR
I YR O2YLl] GSOKy?2
At
NE

No
(0p))
<

<

o<,
No
— >

\<‘:—hu<‘L.‘CD4m(MZI<C:\T
>
(@
¢
(N
oSS

>\'NJU))
<
O
'
, <
—- O
<

NE lj dzA NB RK dzLJa |

>

ez W

>N -
<, O & T

<

’ O(b”>" w»

=

B

O‘<|—|—|O<

B W > x
N >“'§‘Q):O<

<

T

WS S
Z pm»R
[ Y

o
o
S

QX

< =
_ Z > O o, -

o QX
N
&R

=z =
Q¢ >x C:\OI T«

Sl © W g ax U

<bj)'—h>\-7;0(<
S>> [T

>
o o

=Bl VR
D« QO = ()
§‘OI

<z >

O

_ (0]

< (0p))

¢ 0¢

>

o

N, O

o > +H N O N
&
m
&
&
Z
[
;Q(
T
=
B

<

-0 —m @ = >
~h~
>

TSN S
QN =
<, ©

_<
%]
< Do
N N
S
()
N
<
QX
<
0«
Q)¢

h LILI2 NJi dzy A
o Lyyz2gdl R 9y diNBLINBYS dz\
2NIidzyAaS&a F2NJ ¢

NABS Ayy20I oz

<,

(<]
(<]
LINE JA RS
@Sy (i dzNB
y
Yy

,_
<

<
Y [

Qi
>e T T MW

adzadl A

<, H X
Z ~ W T ocax N O
Q)(&Ui
— N
<(ﬂ)m’<
E—N‘)ChO‘

(]

ENlLIJ
R
g @
SS ¥t QL > ;o

WM

[
w E( E w
i QX
—
>
~—h

Q3<NJNJ(/))m,m T

M

UJ>*‘—.'NJ?
z< 90
No
(et}
o Uy
=z
 fot
|.IJN‘)F‘:j
= =
(&
—
(&
No
=z
&
o
N
<
>

O>HO ™ T WO Ow—
MOO~8go Z ¥

Sz M N TEND > O <
DN e~ o

NOOoON<o
Q

e = —
OO« ™

L
—

NEB &
Ly &adzyy
RI LJo y 3
LILI2 Nl dzy AaSa F2NJ
2ffF02Nra2yx |
LJJ2 NIidzyAaSax
2y 0 NR O dzii S {i

z

)
_
>
> O

(0p))

yo 126 Oly
SRdzOl a2y |
LIN2 INJ Y& S g
LINBLJ NB aid
So2t oAy 3 vyl
LINE FSa&A2YK

a AU
NRAZOALI AYINE fSINYyAYy3IZ 6K
O2 YLJzi SNJ aOASyOS=: 2

® ¢KA& LINBLI NBaA

ol O1 3ANER dzy R&aT H RGI SR { LA
a2y s SKIIYRKSYy OS Ara ONHzO.
2 LI Nl dzyAaSa F2NJ LN} Os Ol LI BINR
2N) AYRAzZAGNE LI NIYySNAKALBA® ¢KAA

Funded by the European Union. Views and opinions expressed are however those of the author(s) only

and do not necessarily reflect those of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

< > g ores
p C
ey
0p)
_<

279



*

'é? RISl Co-funded by
ENGINEERS4EUROPE *‘,** the EuropEan Union

YR NFSIkfy 3as ®RBOBK ¢ 1

NE AyaArdakiao

S 6AGK GKS S@2t oAy 3
SYSNHAY3I (SOKyz2f 2=

f §/3 t NP0 CBd

SN} 3S | ROI

}\ AN

(K Z U1 © T > & [ —
Dwen— z<, M —<

S
L S&a Ayl

SSNAY 3 LINE3IN
POARAY3I 2 LILE
Yy (i NB LINB y S dzNXR
0K AYyRdza (i NE
f gAy 3o
@Y F2al0GSNAy3
aK2dZ# R S
arz2ylLrt RS@S

I Odzt GdzZNB 2 F
yO2dz2NF 3S AT
2LIYSYd LINR 3
AzylLta G2

LIN} Oa OS

— W) x> U~
o Qx
N
(&)
N
<

=
[ S (&
ZZ U™ Z T N>
B o—f
© Q HLW>RMN-HQOQE
wZ <2 »T ™
z o<

+ &
NS

QMO e ©©

|

azhwyY hb [9{{hb{
Y95 [ 9! wbLbD

zt Ydzt 2 & |

&!\Cf))g'—\
m H
> — ax o

w2z O(E@ :
Q
U)’M'_“U)’o. (0o

»wxo
w

O Q< Qx——|gr Ut U 0 Z
o
Z
o
V@<
(7))

«—H
U <
Q)¢
<
<

¢

(7%

z
<

f
602S0»s

NJ\

@b 2 KLU PR oss e
z '2 o2 R é“ df()l LIdzNLI2 & §

) L4 % 9y3tasy
Aydz2t @S
i dze

— qx

-+
>

i

c

—- = N
DO M > >y > > g o =

(\)OI%<T{71)U)>‘<,
> O ¢ R >
-2
L.-c:\;u(a.)~<?~<, g
>N O R N Qx
— 2
> 8¢
B
e B
Q)¢
ax B O

S SO N N

g y 3
2AY L FyyAy3a LINROSA

AKINB AYyTF2NXIoa2ys yR Ll22f NJ
Funded by the European Union. Views and opinions expressed are however those of the author(s) only

and do not necessarily reflect those of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

< WO N S Z S,
;U<C=\N.)"";U<*hjm<

o
T O O T N >

9
K
i

280



':;& Rl Co-funded by
L the European Union

ENGINEERS4EUROPE

o ¢ NBSGSR ¢NIAYAY3I FyR 9RdZOl ¢
GN}AYyAy3 FyYyR SRdzOl a2y LUME I NIA
YR YAaYlFGiOKSa Aa ONHOALFf & .

YAAYSSNAY3I LINBFSaaraz2ys LI N

RdzOl a2yt AyAsaloa@Sa GKIG f

lj dzA LJ )\yR)\@)\Rdzlfa gAGK GKS y

g o y dz2 dza )/ dzZaGNB 9y 3l 3SYSy(

yF“zdzéGNﬁ aik1SK2f RSNA Aa QJAG]

Bt § dzLJ G2 RFGS @A

N.);U<

OdMIOdz dzY RS@St 2LIYSyd Syl of

SRdzOlF a2yl f Ayaosaldzm2ya YR AY
o [ S@SNI IAYy3 ¢SOKyz2ft238 I|yR LYy

AYyy2@leaz2y Oy LXlLe | aA3IYyA

a1Affa akK2NIF3SakYAaYl GO0KSaod

FT2NJ AYRAGARdAZ £t & 6AGK NBE SOy

I L) 6SiGsS sy SEAdeay3d &alAftta |

o {daAdlI Ayl ofSS acadz}ﬁmsy”aavllyﬁ?élwdzlus

FNB SaaSyeslf G2 &adzadlAy LI NI

Uyl yOAIlf &dzLJL2 NI FNRY &I NR 2 dz

LINR @ 6S aSOG2N AygSaaySyagaz |

OKSoQazxte yR aoOFflroAtAGe 27

o 90 fdz a2y IyR a2yAl2NAy3Y wS

LI NILYSNBEKALI | Oa@AaSa | NB ONX

AYLI OG 2F AyuSNBSyosz2zyaod .e&

FYR FyFt &1 A WBIRSHEKALIA OFy A

FYR YI1S AYyF2N¥SR RSOA&aAZ2Yy A |

t2f AOASE YR AyAosl a@Sa i NBIA

Ay SitiSOsa@Ste | RRNBaaiAy3d GKS a

Mad 126 OHSYIAYSSNAY3I LINBPFSA&A2YZ LINDIDK

I YR AYyAoal NBAAtASYOSE YR SyidNBLINBY SdzNE K

NEIA2YI § L2t AOASEa OFyYy YIS I RAGSNByOSY
f SPSt a {D2@SNYyYSyida OFy SYoFN)y 2y |
I RRNB & a GKO2YLINBKSYaA@S aiAftta adaNrydS3aa

ANBSY>S NBANBaAfASYgYSNBIINGR/ SdzZNEKA LI RAYSym

SYGNBLINBYScONBFGSR 6AGK I OFRSYAFS AYyRdzaGN

AK2RBakYAallk Ot SININBFERYFLI F2NJ oNARIAY 3

Ay 0KS S ¢2 aiGNBy3IiKSy SRdzOla2y I|YyR (I

LINEFSaaAz2ykdzyf SFEKNI GBNBFa @S LINRPgSaad ¢KS

Ayadosldza2yada (2 NBaKIF LIS Odz2NNR Odz

SELISNASYOSBRAGRIOGKY ATt 2IAAS&a P t

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
and do not necessarily reflect those of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

281



2, Rl Co-funded by
' LN the European Union

ENGINEERS4EUROPE

a0dzRSyiGa O2ttlo02NXYGS 2y 3INBRI
GKSYaSt gSa Ay @GANIdzZ t &aAayYdz | a2
¢CKS adr3asS Aa aSid F2NI I KFN¥Y2yA
D2@SNYyYSyida OFy 2NDODKSadNraGsS a
G23SGKSNI) dzy A BSNE A o SB LI RF DIRNILI
1y26ft SRIS |yR NBaz2dz2NDSaod ¢23S
LINE AN} Ya GKFG KFENY2yAz2dzate ofmn
g2NI R OKIffSy3asSazx axmﬁﬁgééﬁﬁ&@‘
RAIAGEE (NI YWAITRANYA (b&23 > yaRIzaSiyF (ANJ
Ly GKSANI NRftS Fa AYLINBAlINR2AZ
Uyl yOALl f AyOSyoea@Sa GKI NJ\QJH
{OK2f I NAKALAIZ 3INryGa:z |-yF“z G

GKS | d¥Saaii SNeBNJAY RAIAG € ‘Mtt
NBaAfASYd AYFNI &adNHOGdNE RS&A
LINEYA&AS 2F | ONRIKGSNI sz dzNB
0N} YyaF2NX¥I o@S OdzNNBydGa 2F (KS

¢t2 apzZ2idK$ OGANIdz2arde 27 SYEI?\)
deYLK2ye 2F adadIRNL F2NJ GKSANI
2F NBa2dz2NDSas T NR VY2 KSNLy Si NO 2Ady
g2dZA R 0SS NBIFIRAf& I 00SaaratsSs ik

YSt2RASa 2F 3IANBgOK FyR S@2f dz
NEO23ayATAy3a yR OStSoNloay3d (KS
FyR I 002t RSa &ASNWAy3a a aidl yR
' YARAGD GKAA &eé YIdoHENIOOR & S LINR BN
GKS aSONB{ AYyaINBRASy(G GKFG Sf
D2@SNYyYSyidasz AyRdzadNEB Sl RSNE
KIE NXY2YyA2dza d8yOKNRYATla2yx 2z

ALRYA2ZNAY I NEASIYND G 2LINBSNAGE A
02ttt SOa@S SySNHE& |yR NB&az2daNDS
RSPSE2LIVSy (> LINPLISEtAY3 GKS Sy
CKNRdAK OF Llo@l ay3d &G2NBGSEtAY:
g 2dzZ R a@B2aid AAKG 2y GKS OF Ll @I a)
GKS NI 2F RAIAGEE GNIyaFsz2NYl

SYUNBLINBYSdZNEKALI® ¢KS&aS NRES Y
AdyAey3d | LI aarzy F2N S 0303 SN
FYR Ayy2@hezy GKHG LINELStA a20
F dzii dzNB @

Ly GKAa OF Ll @lay3d yINNIa@dSs NB
aeyYLKz2ye 2F UNIyaF2N¥leaz2yz ¢SI
INBSY ¥ O8KEa xRS Sy i NB KNS Sy ERE/ SIS
g2dzf R adlFyR OSy({iSN) adrasz OSt S
LJdza KAy3a GKS o62dzyRFNASaA 2F KdzY

g2NI R FT2NJ I ff o

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
and do not necessarily reflect those of the European Union or the European Education and Culture
Executive Agency (EACEA). Neither the European Union nor EACEA can be held responsible for them.

282



*

% R Co-funded by
ENGINEERS4EUROPE **** the European Union

2.5 Greece

2.5.1 Analysis byinstitute of Industrial and Business Education & Training
(IVEPESEV)

Introduction

1.1 Executive Summary

The engineering profession plays a pivotal role in shaping the modern world by leading the design,
development, and implementation of innovative solutions to complex problems and streamline or
optimize existing engineering solutions to better address thabfem they solve.

Engineering is a diverse and multidisciplinary field with various branches such as civil, mechanical,
electrical, chemical, computer, and aerospace engineering, among others. Engineers are often the
driving force behindechnological advancements, infrastructure development, and industrial progress.
The engineering mindset is set to balance creativity with theoretical concepts allowing advancements
in various industries and research sectors such as biomechanics, nangitsphrgenetic engineering,
space exploration etc.

As this diverse and multidisciplinary application of the engineering principles meets real life application
and commercialization, the question of addressing sustainability through the engineering professi
arises. In this extremely fast growing environment where innovation and new technology
advancement is extremely fast, it is extremely important meet the sustainability requirements for the
profession allowing to mitigate all risks linked with the SD@ggand put into practice concepts such

as reduction of carbon footprint, optimization in energy consumption and energy efficiency, utilization
of renewable energy resources and also counterweight the impact on the environment by minimizing
production andprototyping waste, sustainable design solutions and circular economy principles. The
above are a few of the pillars on which the engineering future could be laid on for a sustainable and
responsible future.

The social impact of engineering is profound &rereaching, touching every aspect of human life and
reshaping societies across the globe. Engineering has fostered social inclusion by designing products
and services that cater to the needs of diverse communities, ensuring accessibility and equal
opportunities for all. From cuttingdge medical devices that save lives to digital platforms that
connect people worldwide, engineering's transformative influence continues to forge a path toward a
more interconnected, equitable, and prosperous future for humhanHowever, as engineers wield
considerable power in shaping society, they must also be mindful of the ethical implications of their
creations, ensuring that technology is deployed responsibly, preserving privacy, and safeguarding
against unintended comsjuences. Thus, it is crucial that the engineering profession maintains a
balance between innovation and responsibility as well as having a solid ethical core in the development
of solutions that touch millions of individuals worldwide.

It is extremely imprtant that we as a consortium of partners, help in shaping the engineering
profession by considering the above and taking into consideration the research results.
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1.2 Objective and Research Methodology

Objective of this report is to capture the nationedntext and state of play for the engineering
profession.

Moreover, this report aims into a deeper look into the engineering profession in sense of future needs
and development of skills and competences for the future of the profession at national aeddtU

Our contribution of the insights provided in this report will be consolidated in the projects report
summarizing the current state of play of the engineering profession at EU level allowing a deeper
understanding of the evolution of the professiondasetting the cornerstone in developing a roadmap
and development of training opportunities for engineers to develop skills crucial for the future of the
profession.

Finally, this report aims into gathering all relevant data and sources to allow thiedkek into the
profession on a national level. The following methods have been utilized to meet the above said
requirements.

1. Literature research: This includes relevant national reports, studies, position papers and all
relevant documents that are publicaccessible for both public and private sector.

2. Interviews and Surveys: Additionally to the desk research, engineers from diverse backgrounds
have been

Qualitative descriptions of the evolving nature of the engineering profession

2.1 Overview of the golving nature of the engineering profession and its implications for
Greece

The disruption in everyday life that was introduced by Covid 19 pandemic demonstrated the need to
change way of thinking and approach on what it was considered a linear developfietails. Because

of the pandemic, skills that we considered as granted became obvious that were not as developed as
we though they were.

In fact, on a relevant paper OECD denotes thathmjob training and development of skills was
significantly dieupted. Although the estimated learning loss is vastly heterogeneous based on sector
and country, informal learning that typically relies on interaction among colleagues and peers was
disrupted and created a gap during the social distancing measéwsk [earning and COAI®: How

much informal and no#formal learning are workers missing@CED, 2021)
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Figure4 Hours of nonformal and informal learning by country
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Source: OECD (2015[3]), OECD Survey of Adul(FBRIAL), (Database 2012, 2015).

Subsequently, the engineering profession that in many cases relies on the exchange of ideas between
peers and team members suffered from the same loss offoamal and informal learning.

Further into the paper, the operainal redesign from businesses to adjust their operations with a
NBY23GiS FYR YAESR Y2RS SyLiz2eyYSyid &a0KSYS adzaaasai
the ability of firms in particular sector to transfer their operations online are two key detemnts of

GKS FToAftAGE F2NI g2NJSNAR Ay GKIG aSOG2NJ G2 FOO0Sa

Table5 Sectoral Shutdown(%)

Assumed % of the activity shutdown

Sector (ISIC, 1-digit)

Widespread scenario Limited acenario
Mining and quarrying (VB) 100% 63%
Manufacturing (VC) 50% 35%
Construction (VF) 0% 47%
Wholesale and retail trade (VG) 3% 35%
Accommodation and food services (V) 2% 3%
Real estate services (VL) 40% 40%
Professional service activiies (VM) 50% 29%
Administrative and support service activities (VN) 100% 64%
Arts, entertainment and recreation (VR) 100% 100%
Other service activities (VS) 100% 86%

Source: OECD (2021), AdultLearning and GO¥/ID

The above table puts into perspective the shutdown of Sectors Hieatily depend on engineers,
among other workers, such as Mining and quarrying, Manufacturing and Construction.
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Following the rational of the paper it is apparent that engineers employed in those sectors had the
opportunity to explore new training optiorend develop both personal and professional skills. Though
what are the future skills required on an engineer and how could an engineer define the learning
development path in the vast offering of training opportunities?

CEDEFORP in a recent publicatiGedfop (2021). The green employment and skillsisformation:

insights from a European Green Deal sfdllecast scenario. Luxembourg: Publications Offitenotes

GKS aKATG G261 NR&E INBSYSNI FyR Y2NB faldmdidzNIyY [0NJSS (F
It also places this shift alongside digitalisation and  automation  trends.

This publication further explores the skills forecast framework to meet the sectoral and occupational

shifts at EU level that would likely occur if the EGD 2038360 emission reduction target were fully

met.

The publication points out the exponential raise in percentage difference from 2020 to 2030 from
the base line based on sector and an interesting point is that the Construction sector almost triples
in this projection (Figure 2).

It is worth mentioning that traditionally in the Greek economy construction sector had been of
significant importance with many Civil engineers, Architects and Constructions engineers primarily
working in the sector. It is also worth meioning that based on the data available at Technical
Chamber of Greece out of 108.242 Engineers registered 53.130 (49%) are Civil, Architect and Survey
Engineers that are directly related to the construction industry (Table 2).

Figure2: Forecast employrant impact of the EGD (% differendeetween EGD skills forecast scenario and
baseline) by broadector, ELR27
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Source: Cedefop skills forecast, 2020 baseline and EGD scenario estimates
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Table2: Engineers per discipline. Members of the Technicaa@ber of Greece.

Discipline Count %

Civil Engineer 28,916 26,71
Architects 17,257 15.94
Mechanical Engineer 15,502 14,32
Electrical Engineer 18,279 16.39
Mechanical & Electrical Engineer 6518 0.57
Survey Engineer 6,040 5.58
Chemical Engineer 9,266 8.56
Mining Enineer 1,933 1.79
Maval Engineer 46 0.04
Mawval Mechanical Engineer 1,720 1.59
Electronics Engineer 4,169 3.85
Planning & Urban Planning Engineer 917 0.85
Enviromental Engineer 1,024 0.95
Mineral Engineer 543 0.50
Production Engineer 2,012 1.86

TOTAL 108,242 100

Source: Technical Chamber of Greétp$://web.tee.gr/tmima-mitroon/meli-tee/ )

The numbers in table 2 are of extreme significance as they denote the number of active engineers in
Greece. By Greek legislation, to exercise the engineering profession in Greece, an engineer needs to
be registered inhe Technical Chamber of Greece. Technical Chamber of Greece provides the signatory
right to engineers to exercise their profession. Of course, the actual number of engineering degree
holders in Greece is higher and engineers that are not actively eixgrdtseir profession are not
obligated to be members of the Technical Chamber.

The engineering profession in Greece is linked to Higher Education with Polytechnic Schools and
Universities (and some formerly Technological Educational Institutes thatliesremerged recently
with universities), that offer degrees in engineering disciplines.

A graduate of those Polytechnic School and University that offers Engineering degrees, needs to pass
an exam from the Technical Chamber of Greece and to also submilth@nt degree from either a

Greek institute or an institute abroad. Upon successful examination, the engineer will get registered
in the Technical Chambers database and will be provided with a registration number that allows the
engineer to exercise thprofession.

A shift in this trend of engineers related to the construction sector with engineers related to IT and

a2Fi06NB RS@OSt2LI¥Syd A& SELSOGSR 208N GKS ySE
transformation (Bible on Digital Transformation,lldeic Ministry of Digital Governance).

This Bible or Plan on Digital Transformation demonstrates the road map on digital transformation of
Greece both in public and private sector and ultimately setting the goal of attracting investments
allowing companis that operate in the IT sector and Online services to set up infrastructure and

subsidiaries in Greece.
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It has been publicly announced that Microsoft has already come to an agreement with the Greek
government to establish a data center in Greece witholtinvestment of 1 billion USD that will
further accelerate the digital transformation and potentially increase the demand for engineers. It is
also expected that this move will attract other companies in similar manner to invest in infrastructure
in Greece.

If the above projections are true, the need of trained engineers in those sectors that also have skills in
Sustainability will raise drastically over the next years and the Greek engineering scene will potentially
drastically shift from a constructisbased sector to IT / Online services sector.

2.2 Skills Mismatch in the engineering profession

As the engineering profession in Greece is heavily depended on the University training and Polytechnic
school training (described in section 2.1), it is appathat sector specific skills and industry needed
skills are in most of the cases trained in a #iormal way in the workplace.

Engineers have the engineering principles after their graduation as well as advanced knowledge in
their discipline (in examplmathematics, programming principles, design principles etc) but are often
not linked with a realife application or workplace application but remain only as theoretical
approaches.

This is also how IVEPE SEV was created. Founded by SEV (Helleniorfreddétaterprises), IVEPE

SEV (Institute of Industrial and Business Education & Training, Hellenic Federation of Enterprises) was
established as the training branch of SEV to offer the Greek industries applied knowledge in technical
skills that are requéed in the workplace.

This skill mismatch has been apparent for a long time and until this point it has been tackled by
companies willing to offer their employees specific knowledge, skills and competencies beyond their
theoretical knowledge allowing themotperform their duties in an effective and reliable way.

C2NJ @SIFNAR O2YLI yAaSa F20dzaSR 2y 2FFSNAYy3I aKI NRE
or specific application training such as coding, electrical installation certifications dtc,thvei
pandemic it was apparent globally that there was a huge gap in soft skills such as communication,
working in teams etc that only came to light with the remote work scenario where multiple companies
reported communication gaps in the work force. Tifiesector produces some interesting results on

this gap. Yang, L., Holtz, D., Jaffe,e$.al. The effects of remote work on collaboration among
information workersNat Hum Beha8, 454 (2022)https://doi.org/10.1038/s41562021-011964).

Employment and Social Developments in Europe (ESDE) report 2023, shows that the skill gap identified
with the Skill Shortages and gaps in European Enterprises report by Cedefop 2015, is still present.

In the ESB report, the plan for 2023 European Year of Skill aims to providgearplan to support
businesses and individuals to develop and apply skills for sustainable competitiveness, social fairness
and resilience. 12 actions are in place to support this.plan
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Table3: European Skills Agenda: Actions

3. EU rt fi trategi tionall
1. Pact for Skills 2. Skills Intelligence _ F support Tar strategic natlona
upskilling action
4. Council Recommendation on vocational]s. European universities initiative andjé. Skills to support the green and digital
education and training upskilling scientists transitions

7. Increasing STEM graduates and fosterinq

R N 8 Skills for Life 9 Initiative on individual learning accounts
entrepreneurial and transversal skills

12 Improving the enabling framework fon

10. A European approach to micro-credentials 11 New Europa Platform Member States’ and private investment in skills

Source: European Skills Agend@anployment, Social Affairs & Inclusideuropean Commission (europa.eu)

As stated in the report the above tableLINS &8 Sy Gda GKS |yl feara 2F GKS
matching, followed by an assessment of some specific policies contributing to better matching:
vocational training and lifelong learning, and access to PES. This is complemented by the presentation
of the Pact for Skills in key sectors experiencing spestaskills intelligence, and skills governance
arrangements across the EU, together covering four key actions of the European SkillséAgenda

From the above statement it is apparent that mian@dentials and individual learning accounts will
be in the catre of attention trying to create flexible training paths to individuals.

A study from 2019 on the past present and future of engineering skills, demonstrates some interesting
findings in a comprehensive diagrarfrussenecker, Claudia & Ahrens, Tim & Niemann, Jorg &
Schlésser, Martin. (2019). EfTI€acher as a Medium to Build\ew Generation of Skilled Enginegrs.

Figure3: Engineering Skills in the past, present and the future
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Source: Fussenecker, Claudia & Ahrens, Tim & Niemann, Jérg & Schlésser(204aAn.ELKTeacher as a
Medium to Build a New Generation of Skilled Engineers.)

From the paper and figure 3, it is apparent that Active Learning, complex problem solving and
Analytical thinking and innovation are the skills that will be more important in the future.
Funded by the European Union. Views and opinions expressed are however those of the author(s) only
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This is inline with the EU research papers that have produced various frameworks for adaptation within

0KS 9! O2dzyiNASad® ! OlGA @GSt $ISNINYWY Tl 2 yIRS [1MIEE RISHI Sd 21
are key concepts in the Lifecomp Framework were 9 competencies are described and can be learned

by everyone in formal, informal and ndarmal education. (European Commission, Joint Research

Centre, Sala, APunie, Y., Garkov, V., et &lifeComp : the European Framework for personal, social

and learning to learn key competendtublications Office of the European Union, 2020)

This conceptual framework aims in developing lifelong learners that can copeamitplexity and can
also socially responsible individuals.

Figured: The 9 competencies of LifeComp

® f ® GROWTH MINDSE
BILITY @ @® CRITICAL THINKING

oN@ ® MANAGING LEARNING

Source: European Commission, Joint Research Centre, Sala, A., Punie, Y., Garkov, V., et al., LifeComp : the
European Framework for personal, sbcand learning to learn key competence, Publications Office of the
European Union, 2020)

It is interesting that all the published competencies frameworks published by the European Union
intertwine with each other creating a holistic approach to a developmental path with competences

and skills required by each individual in their professioealktbpment but also linked with wellbeing,
continues improvement while also respecting the nwarking life and access to personal time. The
FNIYSg2NLla G 1S | Gdz2Ny (2 GKS mpynQa mppnQa |y
GF LILX A SRRI ey 206 B | NB 32 A yOIS yAUYNIR20 €1 | YLALBNRR | GOKKdZYNDYY A Y
create our own path to knowledge, and we are responsible for our personal professional development.

R
R
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Figure 5 demonstrates the tertwined skills concept between
the frameworks as Problem solving is also present in this framework
and communication and collaboration is also one of the shared
competences between DigiComp and Lifecomp.

DigComp

Source: European Commissidiojnt Research Centre, Sala, A., Punie, Y., Garkov, V., et al., LifeComp : the
European Framework for personal, social and learning to learn key competence, Publications Office of the
European Union, 2020)

How are the abovenentioned skills and identifééskill gaps related to the engineering profession?

To respond to that we must take into account the core principles in the centre of the engineering
profession.

An engineer is linked to the engineering mindset that is structures in such a way spofirtibns on
complex matters while applying theoretical principles and design a solution. It is often not apparent
GKIFIG | O02yldAydz2dza LI GK 2F AYLNROSYSyd |yR (GKS
an engineer to explore knowledge besidhe specific discipline that was educated with.

Future engineers will require:

1 Advanced knowledge of tools such as proficiency with Al tools and machine learning tools
rather the theoretical principles in traditional engineering training.

1 Green technologie and sustainability skills as well as circular economy applications rather
than knowledge and understanding on engineering impact to environment.

1 Finding solutions to complex problems in a team environment and effective communication in
both technical andhon-technical involved parties rather than solve problems as part of team
detached from nortechnical stakeholders.

1 Ability to work in interdisciplinary teams with different technical background and diverse
groups rather than working on a singular sectidra problem solution.

9 High level of ethical training employing ethical tests to solutions before commercialization or
release to the public rather than just be conscious of social responsibility concepts.

1 Selfmotivation, learning to learn culture and wolife balance rather than setibompletion
through complex problem solution.

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
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Greek National Context

3.1 Industry characteristics

As mentioned earlier in this report most engineers (close to 49%) are related to the construction
sector. Following the economic crisis, the construction sector in Greece has embarked on a path of
adaptation and evolution. The challenges presented during the crisis prompted construction
companies to reevaluate their strategies, become more rescaftieient, and embrace innovative
construction techniques. As the economy slowly rebounds, foreign investments and collaborations
have also increased, injecting fresh capital and expertise into the industry.

One significant area of growth for the construction sedtoGreece lies in the realm of infrastructure
projects. The government's commitment to boosting economic development has led to an emphasis
on public infrastructure initiatives, such as road expansions, airport modernizations, and urban
redevelopment projets. These initiatives not only stimulate economic growth but also improve the
overall quality of life for citizens and attract tourists, further supporting the country's tourism sector.

Moreover, sustainability has emerged as a key driver for the cornfruéndustry in Greece. In
response to environmental concerns and EU regulations, there is a growing focus on green building
practices, energefficient designs, and the use of efriendly materials. Sustainable construction not
only aligns with globalrénds but also positions Greece as a responsible player in the European
construction market.

Despite these positive trends, the construction sector still faces challenges. One ongoing concern is
the need to address labour shortages and skill gaps. The prampted many skilled workers to seek
opportunities abroad, leaving a shortage of experienced personnel within the sector. As the industry
grows, efforts to attract and retain talermtre developed.

To ensure the construction sector's leteym successit is crucial for the Greek government to
maintain stable economic policies and provide a conducive business environment. This includes
streamlining bureaucratic procedures and offering incentives for private investments in construction
projects. The constuction sector in Greece hademonstratedresilience and adaptability in the
aftermath of the economic crisis. The industry's gradual recovery is driven by increased investments,
a focus on infrastructure development, and a commitment to sustainabilitthé&<reek economy
continues to stabilize and expand, the construction sector is expected to play an integral role in driving
growth, creating jobs, and shaping a more modern and sustainable built environment for the nation.

Further to the construction indza 4 NBE > DNBSOSQa KSIF @& AyRdzaGNE O2YL
sectors such as heavy manufacturing and infrastructure development.

We can cluster the major industries in Greece in the following sectors:

Refineries:Hellenic Petroleum and Motor Qibth operate in that sector and primarily are involved in
refining, distribution, and marketing of petroleum products.

Cement: Titan Cement Company andAGET Heracles are major players in the production of
construction materials including cemeratggregates and other related materials. Titan Cement has
global presence with operations in Greece and other countries and AGET Heracles is part of Holcim
Group.

Funded by the European Union. Views and opinions expressed are however those of the author(s) only
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Mytillineos Holdings is a diversified industrial group with operations in various sectohsding
metallurgy, energy and engineering. It is involved in the production of aluminum and operates power
plants contributing to bottheavy industryandenergy sector

ELVALHALCOR is one of the leading compangésniinum rolled products in Europe. Treompany
is the result of a merger between ELVAL a leading aluminum rolling company and HALCOR a copper
products industry.

GEK TERNA Group operates also in several sectors including constructesreayyhnd is involved
in largescaleinfrastructure projects and energy production.

CAylLffes tdzofAO t26SN)/2NLR2NIGA2ya A& DNBSOSQa
the production, distribution, and supply of electricity in the sectoenérgy.

The abovementioned companies are only mentied to better describe the industrial landscape in
Greece and to pinpoint the key industries that are of interest for this report.
As a summary the industrial sectors are

Construction: With big industrial companies that facilitate infrastructure and puldbnstruction
projects while many SMEs are also involved in the construction sector deeming it one of the largest
sectors of the Greek industry.

Building Materials:Mainly involved in the production of Cement, aggregates and building materials.
Energy With a wide range of players from oil refineries to energy distribution
Metallurgy: With major industries operating in the production of aluminum.

The predominant sector in the Greek economy is Tourism and Services but has not been mentioned in
theNBLI2Z NI & A0 Aa 2dziaARS 2F (GKS NBLRNIQa ao2LIS |
mentioned to accurately depict the industry segments and a rough contribution to GDP per sector for

2022 would be 68% Services, 15.5% Industry and 3g#¢uliure while the rest spans over different

sectors.

3.2 Digital Transformation

Greece is undergoing a vast digital transformation following the Bible for Digital Transformation 2020
2025.

OCED has also published a analysis on the BDT for Gregcag. @i f ¢ NI yaF2NXI GA2Yy t N
Public Sector, Governance, Procurement, and Implementation, 2022)

The pivotal points in this Digital Transformation are:

Planning and funding digital investments
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1 Adopt an ICT portfolio management system thgital/ICT investments, including project
F LILINR @ LINRPOSaasSaQ NBRSaAdys FyR GKS Saidl o
criteria.

1 Integrate ICT portfolio system into the governance of digital government, through existing
bodies, which overseeTB implementation (i.e., Steering Committee and Executive Network).

1 Secure coherent funding management of digital project® ensure investment decisions
remain independent of funding mechanisms.

Strengthening public sector capabilities

1 Strengthenline A Y A A G NASaQ O LI 0 A €tadugp&tcohéréhand alyped A G | £
implementation of ITC/digital projects: (1) data sharing; (2) agile project management; (3)
digital identity; (4) notification systems.

1 Promote a usedriven culture throutpout the public sector to guide digital transformation
projects.

1 Encourage training and capaclyilding (via agile project management, user research, and
user satisfaction measurements).

1 Increase capacities to target advanced procurement practices agithldskills (e.g., gap
assessment indicators, pilot promotion) to test specific, scalable approaches.

1 Examine the scope for ICT procurement centralisation to benefit from efficiency gains, greater
specialisation, and related capacity improvements.

Although the Bible for Digital Transformation is a roadmap for transforming public sector and
simplifying bureaucratic procedures it is also aimed as a means of attracting foreign investments by
the simplified procedures of the government as well as the inftestire developed to facilitate this
transformation.Following this commitment and the clear path of Greece in playing a pivotal role in
the European Union regarding Digital Transformation, an agreement between Microsoft and the
government has been mader the creation of a Microsoft datacentre in Greece. The total investment
from this agreement alone is 1 billion USD.

Early in 2022, it was also announced that Digital Realty will impleméhtatd centre in Greece under

0KS yIFYS a! ¢l erthe néellslofiAméazbri VWeb SieB/iigd (AWS) in the greater region of

East Mediterranean with an estimated investment of 400 million USD. Within 2021 the same company
Ffaz2 FTAYAAKSR (GKS 02yaiNHzOUA2Yy 2F (GKSABRasahil OSy
investment.

The above digital transformation plan has indeed demonstrated the ability to attract foreign
investments from major players in the sector and demonstrates the capabilities of Greece to become

a technology hub in the region.

The future pojection in that domain is to create opportunities for staips and technology companies
and attracting them by offering access to the infrastructure that is generdfdtie rate of foreign
investments does not decrease until 2025 it might signifyethigance of Greece in the sector of online
services and thus having the need for trained engineers in the relative disciplines.

Primary Research

4.1 Summary
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As part of the primary research, we have reached out to engineers requesting to respond to the
centralised online survey related to the engineering profession. For the scope of this National report,
we do not include any data that derive from the centralised survey.

Moreover, for the scope of the National report, and by utilizing the structure@difit questionnaire
(as developed within the work package 2 tasks), we have reached out to engineers that were open to
participate in the primary research and provide their insights and responses to the 10 points defined.

The responses have been extracted from the participants in the most convenient way for them as we
propose either a facéo-face meeting or a remote session.

We encouraged participants to develop their point of view in the matter and the data was sumdarize
according to the methodology to the standardized template.

4.2 Responses and analysis

How will the engineering profession evolve over the next 5 and 10 years?

Among the interviewees it was apparent that the Fourth Industrial Revolution with alhéwve
technologies employed such as digitalization of production process, integration of cyber physical
systems (CPS) in production and Internet of Things (I0oT) applications as well as Industrial Internet of
Things (lloT) would drive the demand for the eviolu of the profession.

Beyond the initial approach on the Fourth Industrial Revolution, the use of advanced tools such as
Artificial Intelligence (Al), Machine Learning (ML) would also shape and direct the engineering
profession towards a direction wheengineers would need to employee such methods in their daily
working routines.

The sustainability constrains as set by the Sustainable Development Goals and more specifically the
environmental sustainability sub goals will challenge the profession dwenéxt few years in the
energy production, clean water and sanitation, clean energy, and climate change domains.

It was apparent during the interview process that the innovation challenge to meet this goal and at
the same time utilize highly energy reguig solutions would be in the centre of attention over the
next 5 to 10 years.

In example the use of computational power of Al in large clusters allowing it to be readily available to
the public would directly impact the consumption of energy goal andresition to clean energy or
better higher energy efficiency would need to swiftly be adopted to allow large scale implementation
of the abovementioned tools.

What are the emerging technical and transversal skills and competencies required in the emniigee
profession?

Interviewees linked this question with the previous one and their response to that overlapped in some
sense.

The driver for transversal skills and competencies will be new technologies. Skills and competences
will directly derive from newechnologies. Though, there is a pivotal point that came as a conclusion.
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Technology can drive the skills and competencies only when said technology passes the early
adaptation phase. At this stage technologies such as Al have been utilized by some esnapahi

d42YS AYRdzZAGNE a4SO02NR o0dzi GKS GfATFTS aLlyé 27F a&dz
technology might spin off from this before Al gets to general access to the public and in a more
commercial way.

In the above sense there is argeral consensus that competences will need to satisfy the new demands
of the market and engineers will need to operate such tools and also have the skills to develop
applications, skills to use new equipment and use of new software. That indirectlyedictaé
development of a learning to learn mindset as well as being open to new challenges and facilitate
change. Interviewees also responded that skills such as project management, communication, critical
thinking and problerrsolving will be very importarfor the engineering profession.

How do hard and soft skills differ in terms of their importance for success in the engineering
profession?

Following a more open conversation with the interviewees, it is a common belief that both a
combination of hard andoft skills leads to success in the engineering profession.

Hard skills and theoretical knowledge along with the acquisition of kihow are the fundamental
tools that will solve the problems that an engineer faces. Soft skills on the other hand areedcquir
through either specialized training and also come with experience in the field and by practicing the
profession.

With the rapid development in Al, automations, and optimization algorithms skills such as creativity,
critical thinking, emotional intellgnce, adaptability, persuasion, collaboration might be more
important than hard skills in the future. The reason for that is that machines cannot substitute such
task and in this regard engineers as the end users of such machines and tools would neptby@em

all those soft skills.

What is the role of the engineering profession in the implementation of Sustainable Development

Goals (SDGs)?

The role of engineers in SDGs has a dual nature. Engineers will be called to work on a solution of an
existing prollem such as renewable energy, clean energy and might be even called to optimize existing
solutions such as photovoltaic systems, wind turbines to harness solar and wind energy. At the same
time, they will also be called to reduce their carbon footprinthia process, to create less waste in the
production process, to potentially recycle and reuse resources etc.
The above process will also require engineers to design and construct sustainable infrastructure which
involves roads, buildings, bridges, energgd water systems with due consideration to economic,
social, and environmental implications.

Engineers will also be called to provide solutions in the restructuring of existing technologies to comply
with the SDG requirements such as converting exidiintgings to become energy efficient, retrofit
infrastructure with optimized equipment meeting energy requirements etc.
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The biggest challenge for the role of engineers at this moment is to adjust all the existing technologies
to meet the requirements and ake sure that they will employee SDGs while designing new solutions.

The interviewees also mentioned the ethical extensions of SDGs where solutions to the problems
should be distributed to all the society lowering the inequalities that exist today asawehsuring

that the use case can be utilized by other cultures, and countries with less opportunities currently.
Finally, the issue of addressing waste of resources that are used as raw materials and preservation of
resources such as clean water was adey point during the interview.

How can the engineering profession contribute to the achievement of SDGs through the
development of new skills and competencies?

The response on this lead that the engineering profession can contribute in achieving theh&Gh

the development of new skills and competencies regarding the renewable energy sources
technologies, the new ecsiendly materials, cleaner manufacturing processes, waste management,
water management, smart technologies and to practice and potuvork principles for sustainability
(both industrial and urban),

Critical thinking will also be important along with teamwork to achieve SDGs.

How can engineers be trained to become "conscious engineers" who prioritize ethical and
sustainable practicesi their work?

The interviewees believe that this is mainly the responsibility of the educational institutions like
technical universities, polytechnic schools, and universities to organize the education of students and
adjust the syllabus by integratingt@ntheir curricula relative courses that include modules for ethical
and sustainable principles and practices in their work and deemigking process. The impact of
engineering in the society and the environment needs to also be addressed in thosescduisgery

crucial that the young engineers start their professional life by having a positive mentality in
sustainability and a solid core of ethical principl€ther social institutions and professional
organizations such as the technical and profasal chambers should also contribute by fostering a
culture of continuous learning and organizing workshops, discussions and seminars on ethical and
sustainable practices and principles.

That would result in engineers being always updated ondhest practices and trends.

In addition, on the job training like working on projects can play a significant role, because the engineer
will implement those principles in a practical way resulting in a learn by doing approach.

Case studies and real examgplof unethical engineering practices can also help in understanding the
implications of their decisions in society and the environment.

What are the challenges and opportunities for the engineering profession in adapting to the
changing nature of skillsrad competencies required?

The answers denote that key challenges are the rapid development of technology which requires the
engineers to keep up with these advancements, the nature of projects which requires the development
of interdisciplinary skills aleing engineers to cooperate and communicate with professionals from
other disciplines.
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The fourth industrial revolution, automation and the artificial intelligence that affect the engineering
profession are creating new demands on the level of knowledgdls, competences, and job
descriptions. The engineers must learn how to work effectively together with those new technologies
soon. On the other hand, several opportunities are emerging like the new technologies which enables
engineers to provide advaad solutions to technical problems, the access to continuous learning and
opportunities to expand their skills and competences via global connectivity tools, through digital
platforms and remote collaboration applications.

How can engineering education anaining programs better prepare students for the evolving
nature of the profession?

Education and training programs should be organized by universities with the cooperation of
professional chambers and technical chambers where experigmuddssionals can train students on
issues related to the emerging technical and transversal skills. Engineering education must encourage
lifelong learning for engineers to be updated on new technologies and trends throughout their working
life. Training ourses must include the learning of emerging technologies like digitalization of
production processes, the integration of cyber physical systems in production processes, the
application of Internet of Things and Industrial Internet of Things, the artifioielligence, the
machine learning, advanced manufacturing methods, data analysis, programming, and digital tools
relevant to the engineering profession. Training courses must also include interdisciplinary learning, to
prepare and teach the students teork together with professionals from different sectors (business,
financial, computer science) and provide solutions to multilevel problems.

The programs must provide participation of students in internships armpgarograms through direct
cooperation with the industry. This good practice will help the students to apply their theoretical
knowledge in practice. Another good suggestion is the use of experienced professionals as mentors to
students to provide their professional experiences to students.

What are the key factors that contribute to successful multistakeholder partnerships in addressing
skills shortages/mismatches in the engineering profession?

According to answers of interviewees, stakeholders like industry and construction organizations,
engneering organizations, technical universities, educational institutions, government authorities,
non-governmental organizations, professional associations, and technical and professional chambers
can play significant role in addressing skills shortagesfatishes in the engineering profession under

the condition of their successful cooperation. Key factors which can contribute to this can be the
financial and decisiemaking support from the government authorities of the partnerships between
the interestedparties, the direct communication between government authorities and stakeholders
for sharing opinions, experiences and decisioraking, the longerm partnerships between
stakeholders which can help the achievement of sustainable results, the commoaaappof the
stakeholders regarding the setting of quality goals for the addressing skills shortages/mismatches, the
renewal of the educational and training material of the engineering education and training programs,
the interconnection with the industrgnd construction sector for the identification of emerging market
needs, trends and skills in the engineering profession and the enrichment of engineering curricula
according to this feedback, the participation of students in internships, cooperation gmsgrand
piloting them into real jobs to bridge the gap between academia and the professional world.
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How can policies and initiatives at regional and national levels effectively address the digital, green,
resilience and entrepreneurship skills shortagesigmatches in the engineering profession?

According to answers of questionnaires, comprehensive policies, and initiatives at regional and
national levels can effectively address those skills shortages/mismatches in the engineering profession.
Such policieand initiatives should be based on research and studies related to the needs of the market
considering experience in applying successful policies and initiatives in other countries. The
participation of key stakeholders is very important for the successuoh policies and initiatives.
Several policies can be effective like the integrate into engineering curricula of topics regarding digital
literacy and coding, green technologies, resilience engineering and entrepreneurship, for strong
understanding of tsidents for the emerging technologies and their familiarization with the culture of
enterprises and the handling of difficult cases in work, the provision of scholarships to students who
will choose the expertise on the fields of digital, green, resiliecacel entrepreneurship skills, the
continuing training and education for the upskilling of professionals, the collaboration between
educational institutions and the industry and construction sector in order to identify market needs and
design training pro@ams accordingly, the direct communication between government authorities and
stakeholders for sharing opinions, experiences and decisitalgng, the financial support and
incentives like tax breaks, from government authorities in order engineering skxiovest at new
digital and green technologies, the financial support from government authorities for young engineers
to establish startups, the financial support in research and development in digital and green
technologies.

Conclusion and Recommendatis

Interviews demonstrate that participants have an intermediate level of understanding for SDGs and
the development of new technologies.

They appear to monitor the development of technology, new tools and methods that are developing
related to the enginering profession.

Interviewees also expect formal education to set the base line on matters of ethics and sustainability
for the new engineers as well as for professional bodies and technical chambers and associations to
provide followup sessions on the atter.

It is also a common belief that the skills required in the engineering profession will shift to skills related
with the use of tools such as machine learning and Al as well as I0T applications.

Moreover, skills such as empathy, critical thinking social awareness are on the map, and they need
to be developed in the short future by engineers.

The expectation of solid policies to identify the context in which engineers operate is also one of the
key findings along with incentives to implement sudiiges for companies and employees.

Finally, an important finding is that interviewees appear to know some skills may require specialized
training and their expectation is clustered as follows:

1 University provides the fundamentals and key principles.
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1 Techical associations and professional bodies provide keep the engineers updated.
9 Other providers such as VET schools provide specialized courses for specific skills.

¢2 02y Of dzRS (GKS FIOG GKIFIG GKA& Of dzA G Shphogss A& | L
somehow is in place within the engineering profession as well as a clear point of view on the
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