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1. INTRODUCTION

1.1. The Green Deal and the SDGs

The Green Deal is a package of iniciatives that aims to transform European Union (EU) in a just and
prosperous society, with a modern and competitive economy, establishing an ecologic transition

with the ultimate goal of achieving carbon neutrality by 2050. For that, the Green Deal ensures:

e No net greenhouse gas emissions by 2050;
e Economic growth independent of resource use;

e No person and no place left behind.

For this objectives to be attained, the EU has pledged to reduce the net greenhouse gas (GHG)
emissions by at least 55 % by 2030, compared to 1990 levels. It’s also possible to see the alignment
of the green deal with the Sustainable Development Goals (SDGs) of the United Nations (UN),
included in the 2030 agenda, since the green deal will provide (Conselho da Unido Europeia, n.d.)
(European Commission, n.d.) (European Commission, n.d.) (European Comission, n.d.) (ENGINEERS

EUROPE (former FEANI), 2021):

e Fresh air, clean water, healthy soil and biodiversity;

e Renovated, energy efficient buildings;

e Healthy and affordable food;

e More public transport;

e (Cleaner energy and cutting-edge clean technological innovation;

e lLonger lasting products that can be repaired, recycled and reused;
e Future proof jobs and skills training for the transition;

e Globally competitive and resilient industry.

The EU is committed to the refered SDGs and placed the Green Deal at the center of its recovery

efforts.

There are 17 SDGs, all intertwined, adopted by all the state-members of UN in 2015, in order to
define priorities and aspirations of global sustainable development to be achieved by 2030.
((Business Council for Sustainable Development - Portugal), BCSD, n.d.), (Department of Economic

and Social Affairs, UN, n.d.).

The main goal of the SDGs is to assemble global efforts around a set of targets and common goals,
mobilizing both developed and developing countries ((Business Council for Sustainable Development

- Portugal), BCSD, n.d.), (Department of Economic and Social Affairs, UN, n.d.).



The point of the SDGs is to complete what the previous goals, the Millenium Development Goals

(MDG), did not complete, and stimulate action in the following areas:

e People: it refers to ending poverty and hunger, promoting dignity and equality;

e Planet: it’s about sustainable consumption and production, combating climate change and
natural resources management;

e Prosperity: it concerns personal realization, economic, technological and social progress;

e Peace: to promote a peacefull, just and inclusive society, free from fear and violence;

e Partership: is related to transversal integration, interconnection and joint mobilization for
the most vulnerable. (Department of Economic and Social Affairs, UN, n.d.) ((Business

Council for Sustainable Development - Portugal), BCSD, n.d.) (Iberdrola, n.d.)
The 17 SDGs are:

1. No poverty: end poverty in all its forms everywhere;

2. Zero hunger: end hunger, achieve food security and improved nutrition and promote
sustainable agriculture;

3. Good health and well-being: ensure healthy lives and promote well-being for all at all ages;

4. Quality education: ensure inclusive and equitable quality education and promote lifelong
learning opportunities for all;

5. Gender equality: achieve gender equality and empower all women and girls;

6. Clean water and sanitation: ensure availability and sustainable management of water and
sanitation for all;

7. Affordable and clean energy: ensure access to affordable, reliable, sustainable and modern
energy for all;

8. Decent work and economic growth: promote sustained, inclusive and sustainable economic
growth, full and productive employment and decent work for all;

9. Industry, innovation and infrastructure: build resilient infrastructure, promote inclusive and
sustainable industrialization and foster innovation;

10. Reduced inequalities: reduce inequalities within and amongst countries;

11. Sustainable cities and communities: make cities and human settlements inclusive, safe,
resilient and sustainable;

12. Responsible consumption and production: ensure sustainable consumption and production
patterns;

13. Climate action: take urgent action to combat climate change and its impacts;



14. Life below water: conserve and sustainably use the oceans, seas and marine resources for
sustainable development;

15. Life on land: protect, restore and promote sustainable use of terrestrial ecosystems,
sustainably manage forests, combat desertification and halt and reverse land degradation
and halt biodiversity loss;

16. Peace, justice and strong institutions: promote peaceful and inclusive societies for
sustainable development, provide access to justice for all and build effective, accountable
and inclusive institutions at all levels;

17. Partnerships for the goals: strengthen the means of implementation and revitalize the
Global Partnership for Sustainable Development. (Department of Economic and Social
Affairs, UN, n.d.) (Republica Portuguesa, 2023) (Instituto Nacional de Estatistica, I.P., 2023)
(Iberdrola, n.d.)

Associated with these 17 SDGs are 170 targets and 248 global indicators. In Portugal, comparing the
recent year with 2015, we can see that most of the global indicators analyzed (101) had a positive
evolution, from which 20 have already reached the target; 28 global indicators have shown a
negative evolution; 3 global indicators didn’t show evolution; 38 can’t be evaluated (78 indicators
from the UN list aren’t part of the Portuguese list, since they don’t apply to our national context,
don’t have a stabilized methodology and/or there isn’t available data), as shown in figure 1.

(Instituto Nacional de Estatistica, I.P., 2023)
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Figure 1: Available indicators in our country to measure progress of SDG implementation.



In figure 2 a summary of the SDGs implementation landscape is presented (Instituto Nacional de

Estatistica, I.P., 2023):
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Figure 2: Progress in implementing SDGs in our country.

In Portugal we have already achieved some targets related to SDGs 1, 3, 6, 7, 10, 11, 13, 15, 16 and

17, despite the impact of the COVID-19 pandemic and the war in Ukraine.

e SDG1-No Poverty
In regard to SDG 1, there has been some favorable progress since 2015, although the data available

so far doesn’t fully reflect the complete impact of COVID-19 pandemic.



The poverty rate has decreased from 19,0% in 2015 to 16,4% in 2021 and in the area of social
protection there’s an upward trend in the series for the proportion of the unemployed population
(looking for a new job) receiving unemployment benefits since 2017, in particular a substantial
increase that was ensured in the first two years of the COVID-19 pandemic. However, between 2015
and 2021, the ratio of "social security old-age pensioners per 1 000 residents aged 65 and over"
reduced by almost 10%, and the evolution of the ratio of the number of social security disability
pensioners to the working population was just below 30%. The total proportion of public spending
on education, health and social protection also increased between 2015 and 2021. It should be
noted that between 2019 and 2020 there was a one-off decrease, justified by the growth in total
public expenditure (driven by support for businesses in the confinement period) which implied the
loss of relative weight of expenditure on essential services, despite its increase, in response to the
health crisis. In Official Development Assistance (ODA), there was also an increase in total donations
for poverty reduction, compared to the 2015 numbers. On the other hand, the number of deaths
attributed to disasters rose significantly in 2020, due to the COVID-19 pandemic (Instituto Nacional
de Estatistica, I.P., 2023) (Republica Portuguesa, 2023) (United Nations, n.d.).

e SDG 2 -Zero Hunger

Portugal’s situation regarding SDG 2 is mostly characterized by improvements since 2015.

In monitoring SDG 2 in the national context, it’s observed that the trends are advantageous in terms
of food insecurity (the proportion of the adult population suffering from moderate or severe food
insecurity has decreased from 14.7% in 2015 to 11.6% in 2020), but in terms of obesity we don’t
have the same results. The proportion of agricultural areas under organic farming has increased
slightly. The ODA and other official flows to the agricultural sector have increased since 2015,
peaking in 2017. On a less positive note, the indicator of food price anomalies deteriorated in 2020
(from 0,36 in 2015 to 1,37 in 2020) (Instituto Nacional de Estatistica, I.P., 2023) (Republica
Portuguesa, 2023) (United Nations, n.d.).

e SDG 3 - Good Health and Well-being
About Portugal's situation regarding SDG 3, this is mostly characterized by improvements since 2015.
Similar to SDG 1, the assessment of SDG 3 does not yet fully reflect the full impact of the pandemic

COVID-19 due to the time lag in the availability of the respective indicators.

Improvements were verified in almost all health-related areas monitored under the SDGs compared

to 2015.



The reduction in mortality rates in several areas (infant and neonatal, circulatory system diseases,
malignant tumors, diabetes mellitus and chronic respiratory diseases, suicide and road accidents), as
well as in teenage fertility rates and incidence of reported cases of HIV and malaria, stand out
favorably. Equally positive are the increases in vaccination coverage and in the number of doctors,

nurses, dentists, and pharmacy professionals.

On the other hand, there are increases in maternal mortality rates (although within the target range)
and in mortality attributed to unsafe water sources or sanitation, lack of hygiene, and accidental
poisoning. There is also a decrease in health ODA, despite a counter-cyclical increase in 2020 due to
international aid during the COVID-19 pandemic (Instituto Nacional de Estatistica, I.P., 2023)
(Republica Portuguesa, 2023) (United Nations, n.d.).

e SDG 4 - Quality Education

The fourth SDG presents a favorable evolution in most indicators.

Comparing with 2015, the conclusion rate of middle school and high school education has increased,
along with the enrolment rate at 5 years old, meaning that Portugal is close to achieve the target by
registering 99,2 % in the school year 2020/2021. These indicators will not have been affected by the
pandemic in 2020 and 2021, since they continue to increase. However, the trends have been less
favorable for educational outcomes and competencies in some areas, which lack more up-to-date
data. Still, the proportion of students with reading proficiency, as measured in the OECD’s PISA
(Program for International Student Assessment) study, decreased between 2015 and 2018, showing
a withdrawal from the target prior to the health crisis. On a more positive note, proficiency in
mathematics, measured by the same study, increased. In terms of gender parity, the trend was

favorable in reading and math.

Also, it was registered favorable progress in digital skills, with Portugal slightly ahead of the EU27 in
the dissemination of digital skills amongst adults. This indicator also shows that there is parity

between men and women, with the discrepancies previously recorded having been reduced.

In 2018, the proportion of schools with access to computers for pedagogical purposes, basic drinking
water, electricity, Internet, single-sex basic sanitation and with basic handwashing facilities was
100% (Instituto Nacional de Estatistica, I.P., 2023) (Republica Portuguesa, 2023) (United Nations,
n.d.).



e SDG 5 - Gender Equality
In regard to SDG 5, there has been mostly favorable developments in the monitored areas. In spite

these improvements, gender equality remains far from being totally achieved.

It’s important to highlight that it exists legal frameworks that promote, enforce and monitor gender
equality, as well as the relative parity in the use of Information and Communication Technologies
(ICT). However, considering the respective relevance, the good national performance at legal level
and in use of ICT may show that progress in gender equality would benefit from a more
comprehensive assessment. Therefore, it’'s suggested that the reading of this SDG should be
complemented by additional information included in the analysis of other indicators contained

within other SDGs.

However, it’s in full participation and equal opportunities at civil and economic level (e.g., political
office and leadership positions, respectively) that the greatest disparities are registered. There has
been some progress registered in these dimensions: the increase of women in leadership positions
when compared to 2015, and in particular, the proportion of women in public administration. This
proportion has been over 50% since 2015, even though disparities persist in different levels of
responsibility (fewer women in senior management positions compared with management
positions) (Instituto Nacional de Estatistica, I.P., 2023) (Republica Portuguesa, 2023) (United Nations,
n.d.).

e SDG 6 — Clean Water and Sanitation

Related to SDG 6 there has been generally favorable progress.

Several areas approached or reached the target, with particular focus on the level of excellence in
the quality of water for human consumption, with 99 % of safe water. Similarly favorable, it was
registered a decrease in the percentage of people without adequate sanitary facilities in their
homes, as well as the increase in proportion of households served by water supply. It's noteworthy
that, within the framework of international cooperation, 100% of transboundary river and lake
basins are covered by an operational cooperation agreement, as well as ODA in the areas of water
and sanitation, which increased in 2021 compared to 2015 (Instituto Nacional de Estatistica, I.P.,

2023) (Republica Portuguesa, 2023) (United Nations, n.d.).

e SDG 7 — Affordable and Clean Energy

The evaluation of SDG 7 indicators is mostly positive.



We draw special attention to the goals already achieved or practically achieved in terms of energy
matters such as: 100 % of the population has access to electricity and over 95% with primary access
to clean fuels and technologies. Equally favourable is the evolution of renewable energy in final
energy consumption which by 2021 was higher than the observed in 2015. Our country is also more
energy efficient, as it’s reflected in the decrease of the energy intensity of the economy compared to

2015 (ratio between total primary energy consumption and Gross Domestic Product - GDP).

On a less positive note, the financial flow to developing countries to support research and
development of clean and renewable energy production has decreased, compared to 2015 (Instituto

Nacional de Estatistica, I.P., 2023) (Republica Portuguesa, 2023) (United Nations, n.d.).

e SDG 8 — Decent Work and Economic Growth
About Portugal's situation regarding SDG 8, this is mostly characterized by improvements in the
economic and employment situation compared to 2015, which were interrupted in 2020, but
resumed since 2021. Some illustrative indicators are: the annual rate of change in GPD per capita
(6,9% in 2022), the unemployment rate (6,0% in 2022) and the rate of young people not employed
and who are not in education or training (9,4 % in 2022). It’s important to highlight that in 2020
public measures to protect employment during confinement, such as simplified layoff, helped to
mitigate the negative impact of the pandemic on the labor market, as it’s reflected in the
performance of the respective indicators. Tourism was particularly affected by the pandemic
context, but has since begin its recovery process in 2021, with a 27,3 % increase in its Gross Value

Added (GVA).

In contrast, the numbers of non-fatal and fatal accidents at work have increased in the period in
guestion in comparison with numbers of the EU27 (in spite of the favourable progress since 2015).
Likewise, in the accessibility of financial services, there was a reduction in the number of other
monetary intermediation establishments, which mainly reflects an increase in the relative
importance of home banking payments, in detriment of physical access to these services. In
international cooperation, there was also a decrease in ODA and Other Public Flows (OPF) for trade
support between 2015 and 2021 (83,7%) (Instituto Nacional de Estatistica, |.P., 2023) (Republica
Portuguesa, 2023) (United Nations, n.d.).

e SDG 9 - Industry, Innovation and Infrastructure

In regard of SDG 9, most of its indicators show a positive evolution compared to 2015.



The increase in the proportion of the GVA of high and medium technology industries in the GVA of
the manufacturing industry and of expenditure on research and development in GDP, which is still
far from the 3% set in the national target for 2030 is a good progress for this SDG. Likewise, in the
area of Research & Development (R&D) and Innovation, the steady increase in the proportion of
researchers per 1 000 inhabitants is positive. The intensity of atmospheric emissions of the economy
(measured by CO, emissions in relation to GVA) also improved, compared to 2015, as did the
number of micro and small debtor companies, that decreased in relation to the total number of
companies. Finally, the goal achieved in the proportion of population covered by mobile network,

which achieved 99,9 % in 2021, should be noted.

On a less positive note, other dimensions, like the area of transport and passengers and cargo (by
various modes of transport), after a favourable progress until 2019, changed in 2020 in the sequence
of the pandemic situation, moving away from the desired target (for instance, the decrease to less
than a third in air transport between 2019 and 2020). In manufacturing, the decline in employment
and in proportion of value added of micro industrial enterprises isn’t favourable. Still, in 2022,
manufacturing maintained its importance in our economy (Instituto Nacional de Estatistica, I.P.,

2023) (Republica Portuguesa, 2023) (United Nations, n.d.).

e SDG 10 — Reduced Inequalities
The development related to SDG 10 show a positive picture. In 2021 it’s possible to observe a trend
of growth in median income since 2015, either for general population and for the 40% of population
with fewer resources, in spite of the drop registered in 2020 for the latter group. The share of people
in households with an income below 50% of median income decreased between 2015 and 2021,
once again, despite the increase registered in the first year of the COVID-19 pandemic. The share of
GDP also showed favourable progress, increasing in 2020 compared to 2015. The evolution of

financial soundness was also positive, specifically with a decrease in non-performing loans.

In the international dimension, our country’s assessment improved regarding migration policies that
facilitate orderly, safe, regular and responsible migration and mobility of people. ODA, OPF and
private support also increased between 2015 and 2021. On the other hand, the evolution of foreign
investment is unfavourable, going from a positive balance between 2015 and 2019 to a negative

balance in 2020, which became worse in 2021.

In 2021, economic inequality was reduced, but the redistributive impact of taxes on income and
wealth and social contributions maintained the unfavourable trend (Instituto Nacional de Estatistica,

I.P., 2023) (Republica Portuguesa, 2023) (United Nations, n.d.).



e SDG 11 - Sustainable Cities and Communities
Indicators available to SDG 11 still don’t reflect the full impact of the COVID-19 pandemic.

Nonetheless, its evolution since 2015 was positive.

The rate of expenses in housing, the evolution of artificial territories per capita, the public expense
in cultural patrimony and the air quality (in regard of medium content of particles PM,s and PMyo)

were favorable.

On the other hand, the pandemic situation increased the number of deaths attributed to
catastrophes, registering a significant rise in 2020 and 2021 (from 59 people in 2015 to 12 056
people in 2021). The urban waste collected had an unfavorable evolution in 2020, comparing to
2015. Private expenditure on heritage (e.g., libraries, archives, museums, and other cultural services)
interrupted its growth in 2020, going on to display a pronounced decrease (Instituto Nacional de

Estatistica, I.P., 2023) (Republica Portuguesa, 2023) (United Nations, n.d.).

e SDG 12 - Responsible Consumption and Production
The trends related to SDG 12 don’t reflect the full impact of the COVID-19 pandemic. Since 2015
there has been an overall positive evolution, but this SDG has a relatively low availability of

indicators, some of which with inconclusive tendencies.

The progress made in domestic material consumption per unit of GDP, as well as in the material
footprint is noteworthy and favorable, since it decreased in 2021 when compared to 2015. There’s
also a favorable trend in the proportion of municipal waste prepared for reuse and recycling (which

remains above the values of 2015, in spite of its decrease in 2020 compared to 2019).

On a less positive note, there has been an increase in internal consumption of materials and internal
consumption of materials per capita between 2015 and 2021. The area of hazardous waste also
shows an increase, for instance in sectoral hazardous waste per capita or the general trend in
various sectors of activity, in which there were increases of varying intensity in the generation of this

waste, in 2021 (Instituto Nacional de Estatistica, I.P., 2023) (Republica Portuguesa, 2023).

e SDG 13 - Climate Action

The general evaluation of progress related to SDG 13 is mostly positive.

Although according with provisory estimates for 2020, our country has reduced their GHG emissions

by 1,5% since 1990 and 32,9 % since 2005, there’s a need for further progress to meet the target of a



55% reduction (compared to 2005 data) by 2030. In 2020, the decrease in GHG emissions was
accentuated due to the COVID-19 pandemic that began in that year and that determined a decrease
in economic activity and circulation in the various modes of transport. This assessment is based on
the past progress and doesn’t take into account developments after 2020. The pandemic situation
conditioned the number of deaths attributed to catastrophes, which rose significantly in 2020. The
score attributed to Portugal regarding the adoption and implementation of the national strategy for
Disaster Risk Reduction (DRR) in line with the Sendai Framework has increased since 2015 (Instituto

Nacional de Estatistica, I.P., 2023) (Republica Portuguesa, 2023).

e SDG 14 - Life Below Water

The available data for SDS 14 is still limited in scope, which limits the overall assessment.

Portugal has a maximum rating regarding the degree of implementation of international instruments
aimed at combating illegal, unreported and unregulated fishing. Correspondingly, the indicator for
the degree of implementation of a legal/regulatory/policy/institutional framework that recognizes
and protects the right of access of small-scale fishing registered an increase. Regarding fisheries
management, in 2022, for the third consecutive year, all stocks subject to assessments were
considered sustainable. In the Autonomous Regions of Madeira, in 2022, in the stocks subject to
national analytical assessment, persisted the unsustainable exploitation of horse mackerel. On the

other hand, the black scabbardfish is being exploited in a sustainable exploitation.

On a less positive note, it should be noted that the proportion of R&D investment in marine
technology as a proportion of total investment in intellectual property has decreased (Instituto

Nacional de Estatistica, I.P., 2023) (Republica Portuguesa, 2023).

e SDG 15 - Life on Land
The available data for SDG 15 is of limited actuality, which limits the overall assessment. However,

the information for the indicators that can be used to assess progress since 2015 is mostly favorable.

Our country is amongst the countries that have adopted legislative, administrative and policy
frameworks to ensure the fair and equitable sharing of benefits, having relevant national legislation
and allocating adequate resources for the prevention or control of exotic invasive species. Portugal
has a National Biodiversity Strategy and Action Plan (NBSAP) and has set national targets in
accordance with the Aichi Biodiversity Target 2 of the Strategic Plan for Biodiversity 2011-2020.

Biodiversity values are integrated into the national accounts systems, defined with the



implementation of the System of Environmental Economic Accounts (SCEA). The ODA allocated to
biodiversity recorded a favorable trend (Instituto Nacional de Estatistica, I.P., 2023) (Republica

Portuguesa, 2023).

e SDG 16 — Peace, Justice and Strong Institutions
Most SDG 16 indicators have showed favourable trends when compared to 2015. Deaths caused by
homicide have decreased, as well as the corruption perception index, which decreased slightly. The
number of women leaders in the Public Administration sector and women elected to the National
Assembly increased, compared to 2015, but there was a decrease of 4,5 % between the 2022 and
2019 elections. There was also an increase in the number of firearms seized, surrendered/recovered

by the police, more than doubling between 2015 and 2021.

Against the desirable evolution, there is an increase in the proportion of preventive prisoners
(significantly in 2020). Likewise, between 2015 and 2021, the number of human trafficking crimes
increased. However, it’s to be noted that in 2020, in the context of a pandemic, this number fell by
almost half, compared to the previous year. A direct consequence is that the proportion of people
who feel safe walking around alone after dark has decreased (Instituto Nacional de Estatistica, I.P.,

2023) (Republica Portuguesa, 2023).

e SDG 17 — Partnerships for the Goals

The developments regarding SDG 17 are mostly positive.

The tax burden and the percentage of the State Budget financed by taxes have registered favorable
trends (in the context of target 17.1 - strengthen domestic resource mobilization - the upward trend
is favorable as it aims to improve the national capacity to collect taxes and other sources of
revenue). Digitalization-related indicators also show a favorable trend, with an increase in

broadband Internet access at a fixed location and in the percentage of adults using the Internet.

The total ODA and the proportion of ODA to Gross National Income (GNI) increased. ODA for
statistical capacity building in developing countries decreased slightly, conditioned by the suspension
of in-site activities during the COVID-19 pandemic. With a less positive evolution, it should be noted
that the Foreign Direct Investment (FDI) and the weight of remittances from emigrants and
immigrants in GDP decreased (Instituto Nacional de Estatistica, I.P., 2023) (Republica Portuguesa,

2023) (United Nations, n.d.).



2. QUANTITATIVE INDICATORS ON THE EVOLVING NATURE OF THE
ENGINEERING PROFESSION

In our country, presently, we have a total of 61 422 engineers registered in “Ordem dos
Engenheiros” (OE), distributed by 12 specialties as shown in table 1 (Ordem dos Engenheiros, 2023):

Table 1: Engineers registered in OE by specialty.

Specialty Total
Agronomic Engineering 2610
Environmental Engineering 2192
Civil Engineering 29231
Electrotechnical Engineering 11439
Forest Engineering 637
Geographical Engineering 477
Geological and Mining Engineering 1184
Computer Engineering 1030
Materials Engineering 463
Mechanical Engineering 9067
Marine Engineering 142
Chemical and Biological Engineering 2950
Total 61422

Facing the evolution of the specificity in engineering programs, OE created 5 more specialties:
biomedical engineering, food engineering, industrial management and engineering, aeronautic and
spacial engineering and quality and security engineering, hoping to attract more engineers,

especially more young engineers.



3. QUALITATIVE DESCRIPTORS OF THE EVOLVING NATURE OF THE
ENGINEERING PROFESSION

For the primary research, we conducted a series of interviews (template used for the interviews in
Annex 1 and a resume table in Annex 2), two round table discussions, one of which with a dean and
one president of an engineering school, and a dinner-debate (there are some photographs of all the
events in Annex 3 and a resume of information gathered at these events in Annex 4). For the

secondary research we proceeded, as requested, with desk research (resume table in Annex 5).

3.1. Evolution of the engineering profession

According to the research, the engineering profession is increasingly becoming more and more
dynamic, expedited by the manufacturing sector, as well as government and services enterprises,
accompanying the evolution of the economy and society. The future of the engineering profession is
dependent not only, on the ability of the engineers to meet the economic and industrial demands,
but also depends on the ability to innovate, diversify and drive the economic and industrial
operational trends. The future of the engineering profession is ever more aligned with
environmental sustainability and the green transition, demographic changes, advances in technology

and the globalization of value chains.

Engineers will be fundamental to attain the SDGs goals, so that a just, sustainable, efficient and
competitive transition can be achieved. Engineers will be responsible for design, develop and
implement several solutions in several areas, such as energy, water, air, agriculture, mobility,

infrastructure, transportation, construction, technology and Al.

There are all the time more and more new engineering disciplines, leading to new engineering roles,
each time more specific, that didn’t exist before, which conducts to a change in the nature of
engineering and where engineers work — less site and more office. So, as more engineers join the
field and the industry evolves, so does the job opportunities, the needs of employers and the
challenges faced by engineers. Nowadays, to stay competitive in the job market, both aspiring
engineers and engineers who want to advance in their careers need to build a strong and diverse set

of skills, so they can be set apart in a highly competitive job market.



3.2. Opportunities

As opportunities for the engineering profession, the research done show that, since there are some

challenges, there are also several opportunities.

Since engineers have abilities fundamental to decision making processes and to induce political
decisions, there’s an opportunity for engineers to enroll in that route, which leads to the engineering
perspective to be more accounted for by political decision-making bodies, promoting a better

coordination.

In the meantime, there’s an opportunity to promote CPD (Continuous Professional Development),
through microcredentials, couching and other forms of acquiring soft skills in order to complement
hard skills, already developed. For that, industry itself can help by training and upskilling their own
engineers, which in turn gives them more confidence to perform their duties and decreasing the
probability of those same engineers leaving that company (for not being able to progress in their

careers).

For engineers that are still not formed, HEIs have an opportunity to reform the engineering
programs in order to achieve a better balance between soft and hard skills, between theoretic and
practical knowledge, as well as to respond more promptly to the industry needs. For this goal to be
achieved its suggested to promote a closer cooperation between HEI's and Industry, for instance by
encouraging more students to be more involved in their areas of engineering, cooperating with
companies of their field of engineering, which, in that process, might recruit an engineer. This
student is, by then, embedded in the company’s policies, or the company gains new skills and
perspectives brought by the young training engineer, even though he ends up working for another

company. Either way, it’s a win-win situation.

Another opportunity for the engineering profession is to recruit more engineering students by
promoting the engineering profession at an earlier age stage. For that, it’s suggested that children
should begin to be exposed to the engineering profession at a tender age, since the role of an

engineer in everyday life is not as visible as, for example, that of a doctor.

To promote an increase in the numbers of female engineers, it is suggested that role-models are
very important. It’s also imperative to dissolve the pay gap between men and women engineers as
well as to improve workplace policies and practices that strengthen women’s careers in engineering,

in order to give them more support to develop their careers.



3.3. Needs

According to the research made, it was possible to identify several needs related to the engineering
profession. One of the main needs identified was to have a stronger bridge of sharing and
communication between higher education and industry, so that higher education can better respond
to the evolution of industry and its needs. One of the most pointed out flaws was the need to
incorporate and balance hard and soft skills in the programs of higher education, such as research
and critical thinking, computer sciences, artificial intelligence (Al), internet of things (loT),
sustainability, circular economy, renewable energies, risks and project management, data analysis
and synthesis, design thinking, communication, leadership, entrepreneurship, teamwork, social
responsibility, problem-solving, planning and organization, innovation/creativity, emotional
intelligence, passion transmission, stress management, adaptability, humanistic and social values,

since they complement each other, in order to achieve a more well-adjusted engineer.

Each engineer should be able to choose, according to his needs, the soft skills, microcredentials,
post-graduations, coaching programs and masters that are most appropriate to develop in his work

field.

Since there is a severe shortage of engineers, there’s also a need for senior engineers to reskill,

through the programs referred above, so that they can respond to the future needs of industry.

3.4. Challenges

With Al development, there will be some negative impact in terms of decrease in tasks of
engineering competencies. In face of the increase in virtual professional practice (digital nomads),
there is a risk that humans will unlearn to interact physically and emotionally with their peers and
with society in general. It’s also a risk that professionals will come to believe in the truths provided
by channels/platforms, such as chat-GTP and others to come, and be driven by algorithms that may

be misleading, which in turn leads to them to stop reasoning for themselves.

Considering these potential risks, in addition to the need of formation in soft skills, one of the most
common challenges faced by engineers today is to expand their spectrum of competencies beyond
the field of engineering towards a more holistic view and approach, complementing what they
learned in their engineering courses. Another angle is to adapt the engineering programs to the new
demands of industry, in order for the engineers of the future to leave HEls better equipped to face
the job market. This means that in one case or the other, there needs to be a perfect balance

between soft skills and hard skills, theory and practice of engineering in the field. Some references



suggest that for that goal to be achieved, maybe could implemented 6-years engineering programs,
of which it would result a 4-year bachelor’s degree plus a 2-year master’s degree, giving HEls more
room to embed soft skills engineering programs, since they consider that an engineering program of
3 years doesn’t give enough competencies to a complete professional engineer. They also suggest
that there should be a correspondence between a given number of theorical hours and practice
hours in a professional/entrepreneurial environment, which justifies the increment of engineering

programs in 1 year at the 3-year post-Bologna degree.

An additional challenge faced by the engineering profession is the low number of students of
engineering. To tackle this challenge, its suggested that children should be exposed to professional
engineers and their role in society from an early age, for instance by coloring engineering themed
books, visiting schools and companies. The key concept is that young people who know more about

what engineers do are more likely to considerer a career in engineering.

There’s also a lack of engineers in the decision-making process at the political level, mostly in
feminine gender. Engineers possess a great ability to design, analyze, manage and gauge different
options and put them into perspective, which makes them perfectly equipped to have an active role

in inducing political decisions and participate in public political discussions.

Also, a greater representation of women in engineering and in decision-making positions would
bring benefits in terms of innovation, balance, common sense, peace, safety and accessibility of new
inventions. For this to become a reality, it’s very important the existence of role-models, even to
attract more young girls to a career in engineering. Less than two in ten engineering students are
women, and women make up for only 15% of the university-qualified engineering force. To make
matters worse, there is a difference of up to 24% between payments made to men and women

engineers in comparison with 13% across all industries, a situation to be corrected in the future.

To close this section, there’s also report of a high turnover, low salaries and an increased

attractiveness for engineers to change to management positions and better paying industries.



4. CONCLUSIONS AND RECOMMENDATIONS

The engineering profession is going through a phase of rapid evolution, with the development of the
virtual world and Al, which causes the disappearance of old concepts and the appearance of new

ones related to the engineering profession.

Considering this, it’s essential to adapt the teaching programs of engineering to the new demands of

the job market.

It’s increasingly more necessary to find balance between hard and soft skills. Leadership,
entrepreneurship, communication, teamwork, problem-solving, research and critical-thinking,
planning and organization, innovation/creativity, computer sciences are considered the most

important soft skills for an engineer.

Microcredentials and post-graduations are crucial for engineers to quickly get up to speed on the

latest trends and developments, so they can accompany the evolution of their areas of expertise.

It was also possible to identify the opportunity to recruit more students for engineering programs by
exposing them to the concept of the engineering profession and its contribution to everyday life
from an early stage. It’s as well very important to increase the number of female engineers, as

suggested.
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