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https://ec.europa.eu/regional_policy/en/information/cohesion-

report/
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Category of regions for cohesion policy (ERDF and ESF+), 2021-2027

- Less developed regions (GDP per head (PPS) less than 75% of the EU-27 average)
- Transition regions (GDP per head (PPS) between 75% and 100% of the EU-27 average)
|:| More developed regions (GDP per head (PPS) above 100% of the EU-27 average)

GDP per head: average 2015-2016-2017.

P. T. de Castro — talk at EJIL-5, 5th Meeting of the Young Researchers of LAETA, Lisbon, May 5-6, 2022




https://ec.europa.eu/regional_policy/en/information/cohesion-
report/

Canarias

rJ
f.f. Y =

Guadeloupe Guyane
Martinique

Mayotte | Réunion
Y

Acores - Madeira

\3 REGIOgis

Map 1 Growth of GDP per head, 2001-2019

Average percentage change on the preceding year

M -o 121-150
Bl o-o0s50 150-2
[los0-075 |2-3 EU-27= 121
Source: DG REGIO based on JRC and Eurostat data.
075-1 Wz
1-121  [l>4

P. T. de Castro — talk at EJIL-5, 5th Meeting of the Young Researchers of LAETA, Lisbon, May 5-6, 2022




Portugal: GDP, Euro. Pordata
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https://www.pordata.pt/Portugal/PIB+per+capita+(base+2016)-2297

Portugal: GDP per capita, Euro. Pordata
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Portugal: GDP in terms of production, Euro. Pordata
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Portugal: exports, goods, Euro. Pordata
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Portugal: exports, goods, Euro. Pordata
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Portugal: exports of services: total and by type, Euro. Pordata
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What did Portugal export in 20197 Shown: $104B| Total: $1048
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https://www.pordata.pt/

Portugal: exports / imports. Pordata

120,0

100,0

80,0

60,0

40,0

20,0

0,0

1996
1998
2000
2002
2004
2006
2008
2010
2012
2014
2016
2018
2020

P. T. de Castro — talk at EJIL-5, 5th Meeting of the Young Researchers of LAETA, Lisbon, May 5-6, 2022



https://www.pordata.pt/

Portugal: exports / imports. Pordata
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https://www.imf.org/en/Publications/WEO/weo-database/2021/October

GDP per capita. IMF

currrent prices, USD
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https://www.imf.org/en/Publications/WEO/weo-database/2021/October

GDP per capita, int. dollars, PPP. IMF
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GDP per capita, int. dollars. PPP. IMF
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Share of population by educational attainment:
tertiary education, 25-64 years. OECD
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Share of population by educational attainment:
tertiary education, 25-34 years. OECD
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Exports of goods and services
(% of GDP). The World Bank
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https://op.europa.eu/en/publication-detail/-/publication/e1853ba8-4444-11e8-a9f4-01aa75ed71al/language-en
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Population size by educational attainment according to three scenarios: 55P2/GET, SSP3/CER and 55P1/5DG

2015-2060 (SSP2/GET) 2015-2060 (SSP3/CER) 2015-2060 (SSP1/SDG)

12 -

Population (in millions)

0

T
2015 2020 2025 2030 2035 2040 2045 2050 2055 2060 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060
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Education scenarios

58P2/GET : Global Education Trend Scenario (Medium assumption)

SSP3/CER : Constant Enrollment Rates Scenario (assumption of no future improvements)

55P1/50DG : Sustainable Development Goal Scenario (universal primary and secondary education by 2030)
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https://unctadstat.unctad.org/EN/
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World: Real gross domestic product.
Total and per capita, growth rates.
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Ramakrishna, ‘The Changing Face of Innovation: Is it Shifting to Asia?’, World Scientific, 2011, p.88.
for Angus Maddison’s work and data: A. Maddison, ‘The World Economy’, vols. 1 and 2, OECD, 2006
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Figure 3.2: Share of total world GDP (1 AD-2007 AD), GDP share in per-
centage. Asia’'s GDP was more than half of the world's GDP.
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https://www.eea.europa.eu/data-and-maps/daviz/regional-composition-of-global-gdp-2#tab-chart_1
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https://databank.worldbank.org/reports.aspx?source=2&series=SI.DST.FRST.10&country=DEU,FRA,PRT,USA#

Income share held by lowest 10%. The World Bank
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Income share held by lowest 10%. The World Bank
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https://databank.worldbank.org/reports.aspx?source=2&series=SI.DST.10TH.10&country=FRA,DEU,PRT,USA#

Income share held by highest 10%. The World Bank
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https://www.physics.ucla.edu/~chester/GINI/index.html
https://www.nature.com/articles/s41598-019-54288-7/figures/1
https://www.quora.com/Can-the-Gini-coefficient-be-negative
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https://databank.worldbank.org/reports.aspx?source=2&series=SI.POV.GINI&country=#

Gini Index.
The World Bank
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Alvaredo et al., ‘The Elephant Curve of Global Inequality and Growth’, American Economic Association — AEA Papers and
Proceedings, 2018, vol.108, pp.103—-108

https://doi.org/10.1257/pandp.20181073 ;

also: https://www.aeaweb.org/research/charts/elephant-curve-world-inequality

The vertical axis shows the
total real income growth
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for each percentile of the
global distribution of
income per adult.

The bottom 10 percentiles
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income levels are close to
Zero.
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Kruger, Dunning, ‘Unskilled and unaware of it: how difficulties in recognizing one's own incompetence lead to inflated self-
assessments’, Journal of Personality and Social Psychology, 1999, vol.77, 6, pp.1121-1134
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Figure 1. Perceived ability to recognize humor as a function of actual test
performance (Study 1).
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Hype Cycle for Emerging Technologies, 2018
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https://en.wikipedia.org/wiki/Everett_Rogers#Diffusion_of_innovations

The diffusion of innovations according to Rogers.
With successive groups of consumers adopting the

M
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Though the curve looks different and one is plotting “Expectation” and the other is plotting “Adoption Rate”

Vallecillo, ‘On the industrial adoption of model driven engineering. Is your company ready for MDE?’, International Journal of Information
Systems and Software Engineering for Big Companies, vol. 1, 1, pp.52-68, 2014
https://setandbma.wordpress.com/2012/05/28/technology-adoption-shift/
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https://slidemodel.com/templates/crossing-the-chasm-slides-for-powerpoint/
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https://sites.google.com/site/andreasportfoliopedagogy/10-blooms-taxonomy

Bloom’s taxonomy

Produce new or original work
e Design, assemble, construct, conjecture, develop, formulate, author, investigate

Justify a stand or decision
eva I u ate appraise, argue, defend, judge, select, support, value, critique, weigh

4 h N Draw connections among ideas
a n a Iyze differentiate, organize, relate, compare, contrast, distinguish, examine,

experiment, question, test

Use information in new situations

execute, implement, solve, use, demonstrate, interpret, operate,
schedule, sketch

Explain ideas or concepts
classify, describe, discuss, explain, identify, locate, recognize,
report, select, translate

understand

Recall facts and basic concepts
define, duplicate, list, memorize, repeat, state

@cirtimooc l_f
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High income countries
45

40

35 /
30

25 \_/_

20
15
10

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011

—nonroutine cognitive or interpersonal
—routine cognitive or manual

—nonroutine manual

2012

The World Bank, ‘World Development Report 2016, 2016, p.124
https://thedocs.worldbank.org/en/doc/240701452003552602-0050022016/render/WDR2016Fig217.pdf

Low- and middle-income

countries
60
>0 \/\_/\’
40

20 Ll Ll ||| [

10

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011

—nonroutine cognitive or interpersonal
—routine cognitive or manual

—nonroutine manual

nonroutine cognitive skills: abstraction, system thinking, collaboration, and ability to
experiment; see e.g. Robert Reich, ‘The Work of Nations’, 1992; Kroenk, Boyle, ‘Using MIS’, 9th

ed., 2017, p.43
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https://www.researchgate.net/publication/266339108_Boeing-University_Relations_-A_Review_and_Prospects_for_the_Future
McMasters, Komerath, ‘Boeing-University Relations - A Review and Prospects for the Future’, ASEE 2005 annual conf.

Boeing List of “Desired Attributes of an Engineer”

A good understanding of
engineering science
fundamentals

— Mathematics (including statistics)

— Physical and life sciences

— Information technology (far more than
“computer literacy”)

A good understanding of design

and manufacturing processes (i..

understands engineering)

A multi-disciplinary, systems
perspective

A basic understanding of the
context in which engineering is
practiced

— Economics (including business
practice)

— History
— The environment
— Customer and societal needs

Good communication sKills
— Written
— Oral
— Graphic
— Listening

High ethical standards
An ability to think both critically

and creatively - independently
and cooperatively

Flexibility. The ability and self-
confidence to adapt to rapid or
major change

Curiosity and a desire to learn for
life

A profound understanding of the
importance of teamwork.

Diversity — wanted and needed !
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https://www.researchgate.net/publication/266339108_Boeing-University_Relations_-A_Review_and_Prospects_for_the_Future
McMasters, Komerath, ‘Boeing-University Relations - A Review and Prospects for the Future’, ASEE 2005 annual conf.

Knowledge of Many Skills with Career Choices Based on Talent and Ability

Technical Designers

Subject System Architects
Matter System Integrators
Experts

Foundationa\/ \
Technical Skills Engineerin

- Math .f' Skills
\ - Science « Design

» Analysis + System
. Cumputln Integratl /
Prnfessmnal\ﬁusmess
Skills Skills And

' Cummunlcatlons Acumen

%
[

|\« Team Work * Cost accountlng
. Netwnrkmg . Schedullng
Interpersonal * Planning

“General knuwledge

Customer Service and life experience

Engineers

Program
Managers
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https://www.onetonline.org/link/details/17-2141.00
https://www.asme.org/topics-resources/content/how-engineers-are-thriving-today

Mech. Engs.; skills

Reading Comprehension

. . Repairing ¢, Active Listening.
Equipment Mamtenan& LR athematics

Installation | fr— Science

Operations Monitoring ~ Monitoring
Service o"entlgé'%ﬂasion Coord‘{ﬂgﬁd\qanagement
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https://www.onetonline.org/link/details/17-2141.00

Mech. Engs.; work activities

Working with Computers
Coaching and Developing Others Making Decisions and Solving...

90
Developing and Building Teams . Communicating with Supervisors,...
8041 \

Monitoring and Controlling.. 70 .s Analyzing Data or Information
‘ ‘ 60 .~ ‘ Getting Information

“‘\‘ Processing Information
| “ l‘ Monitoring Processes, Materials, ...

|

Scheduling Work and Activities

Evaluating Information to.. "'

Developing Objectives and..

SR
Identifying Objects, Actions, and..) ’.
Training and Teaching Other rafting, Laying Out, and...
OO XA (]
Inspecting Equipment, Structures,.. "%" Documenting/Recording...
Providing Consultation and Advice... - a' Estimating the Quantifiable...

Judging the Qualities of Objects, Establishing and Maintaining...
Coordinating the Work and... Communicating with People...
Organizing, Planning, and...

Thinking Creatively

Updating and Using Relevant...
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https://www.onetcenter.org/overview.html

The Occupational Information Network (O*NET) is developed under the
sponsorship of the U.S. Department of Labor/Employment and Training
Administration
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Luis Caldas de Oliveira, ‘Desafios e Oportunidades’, pp.198-200 of: ‘Ideias sobre Ciéncia, Tecnologia e Ensino Superior pela Comunidade do IST’,
IST Press, 2021 (also p.164 and p.312)

Seven common characteristics in innovative and entrepreneurial people

* Confidence in others;

* Acceptance of failure;

* How to interact with people different from us;
* Will to change the world;

* Team work;

* Done is better than perfect;

* How to cope with uncertainty.

Berkeley Innovation Index
https://innovation-index.anvil.app/
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https://innovation-index.anvil.app/

Alexandre Bernardino

Alexandre Francisco

Ana Moita

Arlindo Oliveira

Augusto Casaca

Beatriz Silva

Fatima Montemor

Francisca Simdes

Isabel Sa Correia

Jodo Azevedo

José Santos-Victor

Leonardo Azevedo

Luis Caldas de Oliveira '
Luis M. Correia

Luis Oliveira e Silva
Marcos Mateus
Miguel Abreu

Miguel Prazeres
Moisés Pinto

Nuno Jardim Nunes
Paulo Ferreira

Pedro Amaral

Pedro U. Lima

Raquel Aires de Barros
Ricardo Santos
Rodrigo Ventura
Rogério Colaco
Rosdrio Macério
Silvia Monteiro
Ténia Sousa
Tiago Domingos
Vénia Proenca

COMUNIDADE

INSTITUTO
UPERIOR

TECNICO
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‘Ideias sobre Ciéncia, Tecnologia e
Ensino Superior pela Comunidade
do Instituto Superior Técnico’
Maio de 2017 a Dezembro 2020
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Seelig, ‘Creativity Rules: Get ideas out of your Head and into the World’, Harper One, 2015

The invention cycle:

~Elegantly (llustrates

""..'1.‘2-"‘.»'&5'3“
J J mm ‘ Imagination is envisioning things
that do not exist

(‘ R Creativity is applying imagination to
l address a challenge

Innovation is applying creativity to

Entrepreneuship is applying
Get Ideas Out of innovation, scaling ideas, and
Your Head and Into

thereby inspiring others’ imagination

What I Wish 1

International Formerly , . . . ( .
Be,mnmg Knew When I Published as (Luis Caldas de Oliveira, in ‘Ideias
A o b e 2017-2020’, IST Press, p.164, p.198,
p.312)

TINA SEELIG
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https://scet.berkeley.edu/wp-content/uploads/Berkeley-Innovation-Index-Concept-Paper.pdf

SCET Mindset Description and equivalent psychological constructs

Mindset and Description Psychological Questionnaire
Construct Scale

Friend or Foe Social cohesion, Trust

If you can't tell: Learn to trust others without honest behaviour

expecting anything in return. (Fukuyama, 1995)

Plan to Fail Grit, resilience, Resilience

It is necessary to be wrong sometimes. Plan to entrepreneurial
Experiment. Plan to Fail (Fail Fast). Analyze, failure

Adapt and repeat. The smarter you think you (Sarasvathy, 2001)
are, the harder this is going to be.

Diversify Social capital Diversity
Diversify your networks. Connect to people (Dubiniand

you would not normally, then go and listen. Aldrich, 1991)

Open Up. And connect them to others.

Believe Self-efficacy Belief

Believe that you can change the world. (Bandura, 1977)

Good Enough Perfectionism Perfection
Perfection is no good but good enough is (Kawasaki, 2004)

perfect.

Collaboration Coopetition Collaboration
Individual vs. team and competitors vs. (Vanaelst& al.,

partners. 2006)
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UC Berkeley questionnaire ‘Berkeley Innovation Index’ - https://innovation-index.anvil.app/
a sample, FEUP L.LEMO011, administered 2022-04-29 by Abel D. dos Santos and P. T. de Castro.

sample of 1st year FEUP Mech. Eng. students (lic.),
April 2022.
Berkeley Innovation Index

100
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The impact of a lack of mathematical education on brain
development and future attainment

George Zacharopoulos™”, Francesco Sella™® | and Roi Cohen Kadosh™!

Wellcome Cenlie Tor Integrative Neuroimaging, Depariment of Experimental Papchology, University of Oslord, Oxford OX2 GG, United Kirgdom,
and "Centre for Mathematical Cognition, Loughboreugh LUniversity, Loughborough LETT 3TUL Undted Kirgdom

Edited by Tim Shallice, institute of Cognitive Neuroscence, London, United Kingdom, and accepted by Editorial Board Member Michael 5. Gazzaniga

Movemnber &, 2020 freceived for review June 25 2000)

Formal education has a long-term impact on an individual's life.
However, our knowledge of the effect of a specific lack of educa-
tion, such as in mathematics, i currently poor but is highly rele-
want given the extant differences between countries in their
educational curricula and the differences in opportunities to access

i Here we i COnCEn-
trations in the adolescent brain could dassify whether a student is
lacking mathematical education. Decreased y-aminobutyric acid
(GABA) concentration within the middle frontal gyrus (MFG) suc-
cessfully cassified whether an adolescent studies math and was
negatively associated with frontoparietal connectivity. In & second
experiment, we uncovered that our findings were not due to pre-
existing differences before a mathematical education ceased. Fur-
thermore, we showed that MFG GABA not only dassifies whether
an adolescent is studying math or not, but it also predicts the
changes in mathematical reasoning ~19 mo later. The present re-
menmrdptmmrtmaunﬂsﬂuthasmphmdﬂn
role of GABA neurotr in and rk plasticty
arﬂhﬂllﬂltheffeﬂdaspeuﬁtladofeduaﬂmoﬂllrﬁ
GABA o ion and learing: plasticity. Our find-
mmdﬂnmmlafﬁdmhanmmad
education and d the o of a spe-
tﬁ(hdninﬁmmhwidﬂemmhnmw
cognitive functions.

mathematical education | GARA | plasticity | middle frontal gyns

ducational decisions have a long-lasting impact on both the

individual and wider socicty (1). Mathematical cducation and
attainment has been associated with several quality-of-life indices,
including, cducational progress, sociocconomic status, cmploy-
ment, mental and physical health, and financal stability (2-5). In
several countrics, such as the United Kingdom and India, 16-y-old
adolcscents as part of their advanced (e, Adovwel) subjects can
choose o stop studying math, The conscguences of nol choosing
math as an A-kevel subgest can be significant. When controlling for
potential confounding factors such a8 socioccomomic status it
cimciged that the decision to not study math as an Adevel subjeet
can lesd o an 11% decrcase in financial meome compared (o
those who chonse to study math as part of their A-evel cumics-
lum. No other Adevel subject category is associated with such a
wage premium (6), In addition, previows studics highlighted the
copmitive, cmotional, and socictal factors that are associated with
mathcmatical cducation (7, #).

In rocent years, there has been significant interest in the in-
westigation of the ncoral substrates of mathcmatical cognition and
ciluczition, and Fromtal and parictal regions hive been repeaiodly
highlighted as key regions (9-13). Despite the advancement of our
hrmlu:lgc on the ncurobiological underpinnings of math abilitics,
linthe is known about whether and bow they are imobeed inoa lek
of mathematical education. At the neurobsological level, the lack
of math cducation could impact neural changes in regions that arc
imvolved in skill acquisition of math, primarily in fronioparicial
regions (“plasticity acoound ™), This process can be subserved by
neurstransmitter concentrations that preceded anatomic changes

PHNAS 2021 Vol 112 No. 24 &2013155118

(14). However, such dilferences may exist before the comtintion
of math education and represent baselme dillersnas o the ime
of the educational decision nod o study v o study Turther math
(“Diomerker accunt™).

Using single Tl-magnetic resomance spectrosoopy (MRS), we
scammed two previously defimed key regsons involved in nemenicy:
the intraparictal sl (IPS) and the middl: frontal Eyrus {(MF 'f":l
(Fig. 1) We also comined ther functional conneclivity using
resting-state: functional MEI (for reviews see refs, 15-19), Such an
approach allowed us o examime the role of y-ammobuatync acid
(GABA) and plutamate, the brain major inhibitory and excitatory
neurotransmitters, respectively. Brain inhibition and excitation
levels are thought to be aitical m inggerng the onset and definimg
the duration of sensitive periods of a given function, during which
the neural system s particularly plastic in its response to envi-
rommental stimulation (20). It is thought that this s achieved by a
shift in the ratio of intrinsic and spontancous activity and activity
in response to the environmental stimulation, wherehy the in-
trinsic and spontancous activity is reduced and the activity in re-
sponsc to the covironmental stimulation is increased (21).
Although very carly in devclopment, GABA functions as an cx-
citatory neurotransmitter (22), during adolescence GABA and
glutamate function as the main inhibitory and cxcitatory newro-
transmiticrs, respectively, and previous siudics have shed some
light on the actions of these two neurotransmiticrs during ado-
lescenee. For cxample, comparcd to carly childhood where there

is a peak synaplic density, but the synaplic density is significantly
Significance

Our knowledge of the effect of a specific lack of education on
the brain and cognitive development is cumently poor bt is

access education. We show that within the same sodety, ado-
lescent students who specifically lack mathematical education
Mmmn-mmmm in a key brain area in-
voheed in and oo itly, these
|brain inhibition levels predicted mathematical attainment ~19 mo
later, suggesting they play a role in neuroplasticity. Our study
provides biclogical understanding of the impact of the ladk of
mathematical education on the developing brain and the mu-
tual play between biclogy and education.
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COGNITIVE SCENCES

Formal education has a
long-term impact on an
individual ’s life. .......

..... findings reveal the
reciprocal effect between
brain development and
education and
demonstrate the negative
consequences of a
specific lack of education
during adolescence on
brain plasticity and
cognitive functions.
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Zacharopoulos, ‘The impact of a lack of mathematical education on brain development and future attainment’, PNAS, vol.
118, #24, June 7, 2021

Educational decisions have a long-lasting impact on both the individual and
wider society.

Mathematical education and attainment has been associated with several
quality-of-life indices, including educational progress, socioeconomic
status, employment, mental and physical health, and financial stability.

In several countries, such as the UK and India, 16-y-old adolescents as part
of their advanced (i.e., A-level) subjects can choose to stop studying math.
....... it emerged that the decision to not study math as an A-level subject
can lead to an 11% decrease in financial income compared to those who
choose to study math as part of their A-level curriculum.

No other A-level subject category is associated with such a wage
premium.

In addition, previous studies highlighted the cognitive, emotional, and
societal factors that are associated with mathematical education.
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https://en.wikipedia.org/wiki/International_waters
https://en.wikipedia.org/wiki/File:International_waters.svg

international waters - dark blue
exclusive economic zones - light blue
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https://en.wikipedia.org/wiki/Exclusive_economic_zone_of_Portugal

Portugal has the 5th largest EEZ within Europe, 3rd largest of the EU and
the 20th largest in the world, at 1,7 x10° km?
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https://www.youtube.com/watch?v=T-0d9l_ZZCo Portugal’s Insane Plan to Double Its Territory

MARITIME ZONES

Territorial Waters

Exclusive Economic
Zone, EEZ

200 MILES U'm

Play (k)
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https://www.ocean-retreat.com/activities/ilhas-selvagens-selvagens-islands-or-savage-islands/
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https://www.visualcapitalist.com/charted-lithium-production-by-country-1995-2020/

https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-
2021-full-report.pdf

2020 Lithium Production*

Country % of World Total
(tonnes)
Australia 40,000 46.3%
Chile 20,600 23.9%
China 14,000 16.2%
Argentina 6,200 7.2%
Brazil 1,900 2.2%
Zimbabwe 1,200 1.4%
U.S. 900 1.0%
Portugal 900 1.0%
Rest of the World 500 0.6%
Total 86,300 100%
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BP Statistical Review of World Energy 2021 (70th edition)
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2021-full-

report.pdf Lithium. Mine production.

Thousand tonnes
of Lithium content
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P. T. de Castro — talk at EJIL-5, 5th Meeting of the Young Researchers of LAETA, Lisbon, May 5-6, 2022



https://www.volkswagenag.com/en/news/stories/2020/03/lithium-mining-what-you-should-know-about-the-contentious-issue.html#

AUSTRALIA AND CHILE IN THE FRONT ROW

Countries with major Lithium production and reserves

USA 3

o5 [ Namibia
06 (] Brazil I 54
os [ Portugal § &
16 [ Zimbabwe I 7

62 [ | Argentinia [ 2,000

- — China [ 1,000

16 Chile = = | 8,000
St Australia I 2,700
4slo ATO 3]o 2Io 1Io 0 0 1,:)00 2,$oo 3,300 4,1:00 s.Loo s,tIJoo 7,1)00 s,clmro

source: USGS 2019

production (in 1,000t) O

reserves (in 1,000t)
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Azevedo, ‘ Lithium mining: How new production technologies could fuel the global EV revolution, McKinsey, 2022

Lithium production is expected to expand by 20 percent a year.

Global lithium
production by source,’
million metric tons
lithium carbonate
equivalent

Li carbonate — 19% Li
content; Li hydroxide —
29% Li content
(Azevedo, ‘Lithium and
cobalt: A tale of two
commodities’, McKinsey,
2018, p.9-10)

3.0

25

2.0

16

1.0

0.b

o -

+20% Recycling
per annurr—‘ B Commonwealth of Independent States
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M China
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Bundesanstalt flir Geowissenschaften und Rohstoffe BGR, Lithium Sustainability Information, 2020
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Theoretical and Applied Fracture Mechanics 65 (2013) 8-13
Contents lists available at SciVerse ScienceDirect

Theoretical and Applied Fracture Mechanics

journal homepage: www.elsevier.com/locate/tafmec

Friction stir welded joints of Al-Li Alloys for aeronautical applications: @Cﬁmark
butt-joints and tailor welded blanks

S.M.O. Tavares **, |.F. dos Santos®, P.M.S.T. de Castro?

* Department of Mechanical Engineering, Faculty of Engineering of the University of Porto, Portugal
b Helmholtz-Zentrum Geesthacht GmbH, Institute of Materials Research, Materials Mechanics, Solid State Joining Processes (WMP), Geesthacht, Germany
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Theoretical and Applied Fracture Mechanics 65 (2013) 8-13

Contents lists available at SciVerse ScienceDirect

Theoretical and Applied Fracture Mechanics

journal homepage: www.elsevier.com/locate/tafmec

o

Friction stir welded joints of Al-Li Alloys for aeronautical applications: @Cmm
butt-joints and tailor welded blanks

Theoretical and Applied Fracture Mechanics 60 (2012) 1-9

Contents lists available at SciVerse ScienceDirect
Theoretical and Applied Fracture Mechanics

journal homepage: www.elsevier.com/locate/tafmec

Fatigue and fracture behaviour of friction stir welded aluminium-lithium 2195

P.M.G.P. Moreira®*, AM.P. de Jesus®, M.A.V. de Figueiredo ¢, M. Windisch¢, G. Sinnema¢,
P.M.S.T. de Castro®

*INEGI, Laboratdrio de Optica e Mecéinica Experimental - LOME, Porto, Portugal

® Universidade de Trds-os-Montes e Alto Douro, Departamento de Eng. Mecdnica, Vila Real, Portugal
Universidade do Porto, Faculdade de Engenharia, Departamento de Eng. Mecdnica, Porto, Portugal

4 MT Aerospace AG, Department TEA, Fracture Mechanics and Damage Tolerance, Augsburg, Germany
®European Space Agency (ESA), ESTEC, Noordwijk, The Netherlands
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https://en.wikipedia.org/wiki/Information_Age
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Fig. 1. Observed newsprint consumption, printing and writing paper consumption, and Internet adoption for OECD and non-OECD regions, 1980-2013.
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https://www.mckinsey.com/~/media/mckinsey/industries/paper%20and%20forest%20products/our%20insights/pulp%20paper%20and%20pack
aging%20in%20the%20next%20decade%20transformational%20change/pulp-paper-and-packaging-in-the-next-decade-transformational-change-
2019-vf.pdf?shouldindex=false

Berg, McKinsey & Co, Pulp, paper, and packaging in the next decade: Transformational change, 2019

The global paper and paperboard industry continues to grow despite decline in the graphic-
paper segment.

Global paper and paperboard market, million metric tons

CAGR,' CAGR,
450 1992-2007, % 201018, %
Others 0.6 11
400 Other
Tissue 3.9 3.6
350
MNewsprint 11 -6.1
200 Gmphic Brinti
paper rinting
and writing 32 -15
250
Carton-
200 board 3.3 1.7
150 Packaging
Container-
100
board 4.3 27
50
0
1992 2000 2010 2018 Average per annum 3.0 1.0

'Compound annual growth rate.

Source: Resource Information Systems Inc (R15l), Feb 2049
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https://reutersinstitute.politics.ox.ac.uk/sites/default/files/2020-06/DNR_2020_FINAL.pdf
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M. Hilbert, ‘Digital technology and social change: the digital transformation of society from a historical perspective’, Dialogues in Clinical
Neuroscience, vol 22, (2), 2020, pp.189-194
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7366943/
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https://www.statista.com/chart/26326/number-of-internet-user-and-non-users-worldwide/
https://www.weforum.org/agenda/2022/01/equitable-digital-transformation-business-leaders-davos-agenda-2022-digitization/

Disconnected:
2.9 Billion People Still Offline

Estimated number of individuals worldwide
using/not using the internet

= Online Offline World population
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Source: ITU
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Working Document: Setting the scene for an Aviation Partnership in Horizon Europe - Input for Clean Sky 3 discussions -
Clean Sky Joint Undertaking — April 4, 2019

Europe’s GHG emissions trajectory in a 1.5° scenario
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EU CO, reduction target of -80% in 2050 vs. 1990
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https://www.youtube.com/watch?v=cRexbOftryw

( Working Document: Setting the scene for an Aviation Partnership in Horizon Europe - Input for Clean Sky 3 discussions -
Clean Sky Joint Undertaking — April 4, 2019

Cumulative distribution of global flights in 2014 and fuel burn)
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The vast majority of flights are short-haul although 50% of fuel is burned by flights above 3000km
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https://www.youtube.com/watch?v=cRexbOftryw
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90% of flights: < 3000km, = 50% of fuel used
10% of flights: > 3000km, = 50% of fuel used
1% of flights: > 8000km, = 20% of fuel used
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Cindy Steinmetz, Clean Sky
see also, e.g., https://www.youtube.com/watch?v=cRexbOftrYw
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http://prof.nau.edu.ua/wp-content/uploads/2019/08/Next-decade-aeronautics-research-SciCom-2019.pdf

Next Decade European Aeronautics Research decarbonizing aviation is more

Programme (2020-2030) challenging than for other
industries. The sector is
A paper prepared by the Clean Sky Scientific Committee (5ciCom) for characterized by Iong innovation
submission to the Clean Sky Joint Undertaking (CSJU) cycles, complex system integration,
26 May 2019 high energy density storage

requirements (which hampers
electrification) and higher safety
standards than many other
sectors.

Authors

Peter HECKER [SciCom Chairperson)|
Trevor YOUNG (3ciCom Vice-Chairperson)
Paulo Tavares DE CASTRO Research activities spanning TRL

David DUNFORD 1-6 should be integrated into a
Patrik FERNBERG single programme, with the
management responsibility falling
e NARKIEWICE under a single organisation, to

Wim PASTEUNING maximise the potential benefit of

Francesca SANMNA-RANDACCIO th e WO rk.
Dieter SCHMITT

Christian MARI
Maria Angeles MARTIN PRATS

Régine SUTRA ORUS
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https://aviationbenefits.org/environmental-efficiency/climate-action/waypoint-2050/

ATAG, Waypoint 2050, 2nd ed, 2021
(executive summary p.7)
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see also, e.g., https://www.youtube.com/watch?v=cRexbOftrYw
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https://iea.blob.core.windows.net/assets/7f8aed40-89af-4348-be19-c8a67df0b9ea/Energy_Technology Perspectives_2020_PDF.pdf
https://www.iea.org/data-and-statistics/charts/global-co2-emissions-in-transport-by-mode-in-the-sustainable-development-scenario-2000-2070
IEA Energy Technology Perspectives 2020, p.154

Figure 3.16 Global CO; emissions in transport by mode in the Sustainable Development
Scenario, 2000-70
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https://ec.europa.eu/regional_policy/en/inform
ation/cohesion-report/

REGIOgi!
) gis
Map 4.1 Speed of rail connections between major urban centres in the EU, 2019
km/h
<60
60 - 90 Speeds are based on optimal travel time on a weekday relative to the straight-line distance.
Only urban centres located within 500 km from each other were considered.
90 - 120 In addition, each pair of urban centres must contain an urban centre that has more

than 500 000 inhabitants (or represents the national capital) and the other urban centre

120-150 has to have at least 200 000 inhabitants.

— > 150 *Overseas: links between city pairs involving a sea crossing where neither a fixed railway
link or a train ferry is available.
no connection within 10 hours Source: DG REGIO based on data from UIC, national and regional rail operators, JRC.
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Outline

* Sustainability

P. T. de Castro — talk at EJIL-5, 5th Meeting of the Young Researchers of LAETA, Lisbon, May 5-6, 2022



https://www.vox.com/energy-and-environment/2018/4/30/17300946/global-warming-degrees-replace-fossil-fuels

Effect of current pledges and policies

Global greenhouse gas emissions
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No climate
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Source: Climate Action Tracker lm
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https://thewalrus.ca/extraction/

......

Edward Burtynsky Extraction

The Walrus Environment / July/August 2007
Updated Jul. 17, 2019

Published Jul. 12, 2007

Iberia Quarries #9, Cochicho Co., Pardais,
Portugal, 2006.

Edward Burtynsky
The Guardian Weekly, 22 April 2022,
pp.54-56

>
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Edward Burtynsky, Coal Mine #1, North Rhine, Westphalia, Germany 2015
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https://www.flowersgallery.com/artists/145-edward-burtynsky/works/78720/

https://www.pinterest.pt/pin/333266441145354789/

Edward Burtynsky, Nickel Tailings #34

No, it’s not lava. This photograph was taken in Sudbury, Ontario in Canada. This phenomenon is the result of excess iron seeps into the water and
produces the deep red color
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https://agriculturaemar.com/estudo-internacional-eucalipto-provoca-dramatica-reducao-da-biodiversidade-do-territorio/
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https://agriculturaemar.com/estudo-internacional-eucalipto-provoca-dramatica-reducao-da-biodiversidade-do-territorio/

DOl: 10.1111/geb. 12676

Global Ecolo A oursal of
RESEARCH PAPER WILEY [P v |

Inhibitory effects of Eucalyptus globulus on understorey plant
growth and species richness are greater in non-native regions

Pablo I. Becerral | Jane A. Catford234 | Inderjit> | Morgan Luce McLeodé |
Krikor Andonian? | Erik T. Aschehoug® | Daniel Montesinos? | Ragan M. Callaway1?
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https://en.wikipedia.org/wiki/Circles_of Sustainability

James et al., ‘Urban Sustainability in
Theory and Practice: Circles of

Sustainability’, Routledge, 2015 2012
Circles of Sustainability is a method for S/ \O I l \ U LO
understanding and assessing sustainability,
and for managing projects directed

towards socially sustainable outcomes. ..... ECONOMICS -

. . . . Production & Resourcing ,
simple view of the sustainability of a Exchange & Transfer A ’

ECOLOGY

Materials & Energy

Water & Air

Flora & Fauna

Habitat & Land

Place & Space
Constructions & Settlements
Emission & Waste

Accounting & Regulation

particular city, urban settlement, or region.  Consumption & Use ,"‘
. . . .. . Labour & Welfare ‘
The circular figure is divided into four Technology & Infrastructure I/,

Wealth & Distribution

domains: ecology, economics, politics and
culture. Each of these domains is divided

in to seven subdomains, with the names of
each of these subdomains read from top

to bottom in the lists under each domain ““
name. (see book appendix pp.58-62 Organization & Governance

Engagement & Identity
Performance & Creativity
Memory & Projection
Belief & Meaning
Gender & Generations
Enquiry & Learning
Health & Wellbeing

CULTURE

Law & Justice
Communication & Movement
Representation & Negotiation
Security & Accord

Dialogue & Reconciliation
Ethics & Accountability

POLITICS

Vibrant

Good

Highly Satisfactory
Satisfactory+
Satisfactory
Satisfactory—

Highly Unsatisfactory
Bad

¥Sao Paulo Macro Metropolitan Region, 2012 Critical
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https://en.wikipedia.org/wiki/Sustainability
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2011
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European Com - SWD(2022) 6 final — strategy for universities - Role of HEIls in contributing to green transition, p.63

Figure 7.1. The role of HEIs in contributing to the green transition

External Stakeholders

!
!

European Commission /
United Nations 4
Government ]

Society '-\
Other HEIs \
%\

Companies .

Environmental
and Contextual Aspects

Digitalisation
COVID-19 crisis
European Climate Law
Overuse of Earth’s resources
Climate Change

HEI's external environment

e -

Teaching and ~
Learning N

*
Extension and \

EEE . Qutreach "\
HEIl's \
Internal ':
Environment I
Strategy and Campus 5
Policies Operations 4
, Fa
Governance R ‘
and Leadership 7

Sustainable Iniciatives and Pressures
Sustainable Development Goals
European Green Deal
Paris Agreement
Green Campus

Universities adapted and preparedto
contribute to the Green Transition

Collaboration and peer learning in the
development of sustainable higher education
institutions;

Wider societal impact through education and
research,

Greater engagement with society, at local and
global levels.

P. T. de Castro — talk at EJIL-5, 5th Meeting of the Young Researchers of LAETA, Lisbon, May 5-6, 2022




Outline

* Future

P. T. de Castro — talk at EJIL-5, 5th Meeting of the Young Researchers of LAETA, Lisbon, May 5-6, 2022



https://gulbenkian.pt/forum-futuro/foresight-2030/

FORESIGHT
PORTUGAL
2030

Cendrios de evolugao
para Portugal

volume 01

= FUNDACAO
CALOUSTE GULBENKIAN
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https://bit.ly/EconomiaTecnologiasEngenharia
https://drive.google.com/file/d/16efdPGk6-ehshmqYKZfGARWCcP-FZb_bh/view

[MAPORTO

FACULDADE DE ENCENHARIA
FEUP UNIVERSIDADE DO PORTO

ECONOMIA, TECNOLOGIAS
E ENGENHARIA

"ONTRIBUTO PARA UMA REFLEXAO ESTRATEGICA
DA FEUP COM O HORIZONTE 2037
José Félix Ribeiro

+
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https://uploads-ssl.webflow.com/5957e68dd2d3db52ae050258/5efe4f981f34ac21bel76521_demystifying_strategy government_slides.pdf
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* Geopolitics
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https://www.limesonline.com/cartaceo/we-like-the-romans ; https://www.instagram.com/p/CbHbBPyMmId/

;
Sinape Jrapets

L’IMPERO ROMANO

Al TEMPI DI TRAIANO
(A.898-117 D.C.)

[ “ANie

CARTOSRARA DELLISTITUTO TTALANG Q/ARTH  GRAROHE - BERSAVO
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Source: ‘Roma. Dal solco di Romolo all'impero fascista. Atlantino storico’, pubblicato a cura della Federazione italiana
nazionale fascista per la lotta contro la tubercolosi, Bergamo, 1940, Istituto Italiano d’Arti Grafiche.

s DAl SOLCO
i DI ROMOLO
ALLIMPERO
FASCISTA

| B&E ATIANTINO STORICO

EDITO A CVRA DELLA FEDERAZIONE
ITALIANA NAZIONALE FASCISTA PER LA
LOTTA CONTRO LA‘TVBERCOLOSI q
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www.rand.org/t/RR2989

.... RAND Corporation .....

Global Power Index (GPI) includes
measures of the military, economic,
technological, political, and demographic
capacity of nations.

GPl includes ....
nuclear weapons as a factor in the military
capacity of a state,

trade as a factor in the economic capacity of a
state,

R&D expenditures as a measure of
technological capacity,

government revenues as a measure of
political capacity, and

working-age population (rather than total
population) as a measure of labor capacity.
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www.rand.org/t/RR2989

Share of G20’s Modified GPI of the United States, China, India, Russia, Germany,
Japan, France, and United Kingdom (1980-2017)
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www.rand.org/t/RR2989

Balance of Power (Measured Using Modified GPI) in Baseline Scenario (1980-2040)
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The

Geographical Journal

No. 4. APRIL, 1904. Vor. XXIIT.

THE GEOGRAPHICAL PIVOT OF HISTORY.*

By H. J. MACKINDER, M.A., Reader in Geography in the University of
Oxford ; Director of the London School of Economica and Political Science.
Weaen historians in the remote future come to look back on the group
of centuries through which we are now passing, and see them fore-
shortened, as we to-day see the Egyptian dynasties, it may well be that
they will describe the last 400 years as the Columbian epoch, and will say
that it ended soon after the year 1900, Of late it has been a common-
place to speak of geographical exploration as nearly over, and it is recog-
nized that geography must be diverted to the purpose of intensive survey
and philosophic synthesis. In 400 years the outline of the map of the
world has been completed with approximate accuracy, and even in the
polar regions the voyages of Nansen and Scott have very marrowly
reduced the last possibility of dramatic discoveries. But the opening
of the twentieth century is appropriate as the end of a great historic
epoch, not merely on account of this achievement, great thongh it be.
The missionary, the congqueror, the farmer, the miner, and, of late, the
engineer, have followed so closely in the traveller’s footsteps that the
world, in its remoter borders, has hardly been revealed before we must
chronicle its virtually complete political appropriation. In Furope,
North America, South America, Africa, and Australasin there is
scarcely a region left for the pegging out of a claim of ownership,
unless as the result of a war between civilized or half-civilized powers.
Even in Asia we are probably witnessing the last moves of the game
first played by the horsemen of Yermak the Cossack and the shipmen
of Vasco da Gama. Broadly speaking, we may contrast the Columbian
epoch with the age which preceded it, by describing its essential

* Read at the Royal Geographical Society, January 25, 1904,
No. IV.—Avrgir, 1904.] 2F

in "The Geographical Pivot of
History" presented at the Royal
Geographical Society, Mackinder
formulated the Heartland
Theory. This is often considered
as a, if not the, founding
moment of geopolitics as a field

of study....
https://en.wikipedia.org/wiki/Halford_Mackinder

Geopolitics: study of the effects
of Earth's geography (human
and physical) on politics and
international relations.

Geostrategy: type of foreign
policy mainly guided by
geographical factors as they
inform, constrain, or affect
political and military planning.
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Lambert, ‘Seapower states’, Yale Univ. Press, 2018

... seapower vs. continental empire .... Commonwealth’ sustained by mutual interest based
on economic ties and sea control, vs a ‘Roman’ contiguous terrestrial empire of land and
people ....

Blouet, ‘Global geostrategy’, F. Cass, 2005

history as a struggle between land power and sea power.

discussion of Mackinder’s paper by Amery (p.441):

both the sea and the railway are going in the future ... to be supplemented by the air as a
means of locomotion, and when we come to that ... a great deal of this geographical
distribution will lose its importance, and the successful powers will be those who have the
greatest industrial base. It will not matter whether they are in the centre of a continent or
on an island; those people who have the industrial power and the power of invention and of
science will be able to defeat all others

Nevertheless, Russian interest on warm water seaports ....

1905 Port Arthur (now Liushun / Dalian, in China) - defeat of Russia in Russia Japan war ...
1945 exclave of Kaliningrad ...

1971 Tartus, Lakatia (Siria): civil war 2015-6 ...

2014 annexation of Crimea (since Prince Potemkin Russian fleet is based in Sevastopol) ...
2022 aggression of Ukraine with main focus in the Azov and Black seas.
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https://criticanarede.com/anunesaguerra.html ; A. Nunes, ‘Teorias filoséficas sobre a guerra’, July 2, 2015

War - source of questions of a moral nature.
Can war under any circumstances be justified? or is it always incorrect?

There are three main theories that try to answer these questions: realism,
pacifism and the theory of just war.

Realism: morals are not called here .... international political scene: an
anarchic arena, with no other rules except those that states can impose,
and in which the dominant issues are related to power, security and
national interest. In relations between states, the only rule that counts is
the “right of the strongest to liberty”. The only correct policy in
international relations is “realpolitik”. ....

 Thucydides..... the strong do what they can and the weak suffer what
they must. ....

e Clausewitz ..... war is just the continuation of politics by other means .....
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Pacifism: All wars are immoral
War belongs to the sphere of moral - no war is morally justified. ..... war is
always wrong.

bellum justum: answer to the moral problem of war: not all wars are
immoral. Contrary to what realists think, war is covered by moral and,
contrary to what pacifists think, is sometimes justified. This theory is thus
opposed to both realism and pacifism; it forms the basis of the 1949
Geneva Conventions ......

when it is legitimate to resort to war (jus ad bellum) .....

how to conduct war (jus in bello) .....

what must be done once the war is over (jus post bellum).

https://www.icrc.org/en/doc/war-and-law/treaties-customary-law/geneva-conventions/overview-geneva-conventions.htm
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Varoufakis, ‘And the weak suffer what they must?’, Nation Books, 2016

EUROPE’S CRISIS sne

AMERICA’S ECONOMIC FUTURE

AND THE
WEAK
SUFFER

WHAT
THEY
MUST?
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Varoufakis, ‘And the weak suffer what they must?’, Nation Books, 2016

GDP per capita, current USS,
The World Bank
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https://carnegieendowment.org/2019/06/20/thirty-years-of-u.s.-policy-toward-russia-can-vicious-circle-be-broken-pub-
79323

Rumer, Sokolsky, ‘Thirty Years of U.S. Policy Toward Russia: Can the Vicious Circle Be Broken?’, Carnegie Endowment for
International Peace, 2019
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Political
Geography

Pergamon Political Geography 20 (2001) 1029-1051

www.politicalgeography.com
Discussion

Alexander Dugin: geopolitics and neo-fascism
in post-Soviet Russia

S

Alan Ingram

Department of Geography, University of Cambridge, Downing Place, Cambridge CB2 3EN, UK
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Courier International, #1641 April 14-20, 2022
POSITIONNEMENT DES GOUVERNEMENTS FACE A LA GUERRE EN UKRAINE, MARS 2022
B condamnent la Russie Proches de ['Occident Meutres ou non alignés Proches de la Russie

. Soutiennent la Russie

B Aucune donnée

UKRAINE

GU. * -y
» CA. s.L.

BRESIL -

BO.

NA. £l.

ADS *

Abréviatlons : ADS Afrigue du Sud, AF. Afghanistan, A.5. Arabie Sacudite, AZ_ Azerbaidjan, BA. Bangladesh,
- Bl Biélorussie, BI". Birmanig, BO. Bolivie, CA. Cameroun, CDN Corée du Mord, CU. Cuba, EAU Emirats arabes unis,

ER. Erythrée, GU. Guinée, IR, Irak, MA. Maroc, MA. Namibie, NI. Micaragua, OLL Ouganda, OU™. Ouzbékistan,

S.L. 5ri Lanka, 5Y. Syrie, TA. Tanzanie, TU. Turkménistan, VE. Venezuela, V1. Vietnam, Z1. Zimbabwe.

SOURCE : THE ECOMOMISTINTELLIGENCE UNIT

Selon cette carte réalisée par The Economist Intelligence Unit (EIU) fin mars, aux données forcément fluctuantes, 131 pays sont hostiles
a la guerre menée par Moscou en Ukraine. Si “le camp de ['Ouest” représente plus de 70 % du PIB mondial, il ne pése en revanche
qu’a hauteur de 36 % de la population mondiale, souligne 'EIU. Par ailleurs, 32 pays sont considérés comme neutres,
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INFRASTRUKTUREN FUR DREI KONTINENTE
Chinas Belt and Road Initiative umfasst mehr als 2.000 Vorhaben: Liickenschliisse oder Vlerbesserungen bestehender Infrastrukturen
ebenso wie Neubauprojekte oder den Kauf und Ausbau von Hafen. Die Karte zeigt viele der wichtigsten Projekte (Stand 2018).
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Thucydides:
‘What made the war inevitable was

the growth of Athenian power and
D E S I I I Q E D the fear which this caused in

Sparta’

FOR WAR

(G. Allison is the Douglas Dillon Professor of
Government at the John F. Kennedy School
of Government at Harvard University)

GRAHAM
ALLISON
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