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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

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.

11



/// Al Co-funded by
L the European Union

ENGINEERS4EUROPE

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=
|
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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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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.
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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
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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.

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.

33



Co-funded by
the European Union

*
* %

ENGINEERS 4EUROPE Li5 g8

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
0 1 2 3 4 5 6 7

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
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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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