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editorial

Carlos Siqueira
National President of the
Brazilian Socialist Party.

The topic of science, technology and
innovation has often been the focus of
the Brazilian Socialist Party (PSB) for a
long time. Party leaders have led this
public policy as ministers of state who
have sought to include it within the
framework of the ideology of
democratic socialism.

For the PSB, the concept and
implementation of science, technology
and innovation policies should be
based on a national vision, the position
of the country in the world and the
ways through which progress should
contribute to revolutionizing Brazilian
society by overcoming the colonial
mentality that stillhas the cleardomestic
ramifications of inequality, prejudice
and violence, as well as international
ones, since part of our elite only sees
Brazil's international participation
within the limits of its own interests.

Thinking about the country requires
the formulation of a strategic
development project with a fifty-year
horizon, not the next elections or the
future government. This time horizon
requires a broad consensus that
reconciles the political world,
economic elites and civil society
around basic ideas that not only make
sense but stimulate everyone as
participants and beneficiaries in the
success to be achieved.

It is essential to leavebehind the
mentality of a colonized countryto
seck a position in the world that takes

us beyond the condition of exporter
of commodities.

First of all, we need to revolutionize
our industry by making technology-
intensive, value-added production that
manufactures and exports finished
products, instead of concentrating on
the intermediate stages of the
production chain only to then import
finished products at a higher price
when we should have made them
domestically.

It is imperative to devise strategies
that will lead us to a knowledge
economy. We must make every
possible effort to overcome all
limitations, to be producers of
technology in all the relevant areas,
such as robotics, biotechnology,
systems and information, mobility and
automation, among others.

We need to overcome the
educational challenge — a gigantic task.
‘We must win the fight against
illiteracy, opening the doors of literate
society for all Brazilians.

Regarding basic education, it is
imperative to bring quality to the
universal education that we currently
approach. Children and young people
must acquire the essential knowledge
in language, humanities, and
mathematics. To achieve this goal, we
must be political — in the best sense of
the term — in order to muster
determination and not merely excuse
the inaction from the failure we have

For a civilizational
revolution in Brazil

had in the past. It is essential to look
ahead, learn from the world, try
solutions that have not yet occurred to
anyone, and definitely take the
long-look with proper planning,
budget, and correctly formulated
policies that are supported by a
sufficient and efficient structure.

For university education, it is
fundamental to increase the proportion
of technical careers, as compared to
those associated to the humanities. This
necessity has nothing to do with giving
value to one over the other, but with a
need to rebalance the two types of
educationin which emphasis on one has
led to the detriment of technical careers.
This is a key success factor in the
production of technology, as the recent
stories of India, China and other Eastern
Asian countries have demonstrated.

Although essential, the
aforementioned conditions are not
enough to organize science,
technology and information policy.

It is essential to engage teaching and
research institutions on the one hand
and companies on the other.

Investments for such policy should
be incorporated by companies into
their production routines and
investment planning. Such consensus
requires state interference, since
research is traditionally carried out in
Brazil by the public universities.

Many successful examples deserve
special attention. Initially, it is worth
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mentioning the Brazilian Agricultural
Research Corporation (Embrapa),
which formed a broad set of
technicians and carried out applied
research in its all operational sectors,
contributing decisively to the
development of Brazilian agriculture,
natural diversity and the protection of
our biomes.

In the materials segment, there is
a nucleus of excellence articulated by
the Brazilian Navy, together with
universities, which has investigated
special alloys and new materials
that have decisively contributed
to dominating the uranium
enrichment cycle.

The production of civilian and
military aircraft is already consolidated,
making Embraer one of the world's
leading companies, especially in the
design and production of small and
medium-sized aircraft that are essential
to the competitive market for domestic,
regional and short-haul flights.

However, there is much to be done
to reach very important steps in
achieving our own sovereignty. The
development of satellites and the
Brazilian Space Program are examples
of where lack of strategic vision has led
to no investments in the sector. The
overall scenario can be measured by
the treatment received by Alcintara
Cyclone Space, a binational company
formed by Brazil and Ukraine, which
had among its objectives the transfer of
aerospace technology. After years of
efforts and significant resources
allocated to the project, it was simply
abandoned, considered an "exotic
idea", disregarding the relevance of
mastering technologies that clearly
affect Brazil's strategic economic
interests, as well as impacting our
defence policy.

The Brazilian hydropower system
has reached great maturity, allowing us
to conceive and execute complex
engineering projects that give us a

considerable edge on the energy front
without exaggerated environmental
impact, since we have only moderate
dependence on fossil fuels to produce
electricity.

However, we have not yet reached
the clean energy matrix that is
compatible with the country's potential.
We have developed knowledge for the
production of electric energy from
biomass, sun and wind, which can be
applied at different levels.

Despite so many possibilities —
from dominating nuclear energy to
benefitting from geography that could
make the Brazilian Northeast a major
producer of clean energy — there is still
a lack of investments and appropriate
policy, which significantly limits
our growth.

Despite all the recent difficulties of
the company, we cannot fail to
consider Petrobras as a successful story.
In addition to being one of the largest
companies in the world, it has
achieved technological leadership in
exploring and drilling offshore,
deep-water oil wells.

What do these examples, among
others, teach us for the future of a
national development project? Initially,
it is essential to design a strategic vision
for the future. We must make all the
necessary efforts to the technological
qualification of our industrial complex,
organizing a sectorial policy adapted to
this objective.

In the last decade, Brazil did not
have an industrial policy that deserved
to be called as such. Strategic priorities
were not drawn, nor were investments
in industry increased. The result of this
"non-policy" can be seen in a strong
deindustrialization of the country with
severe impacts on levels of income,
jobs and wealth — the trajectory of
which only is not more catastrophic
due to the informal jobs that have
relieved the despair of those who could
not find gainful employment.

Service activities are also increasing,
but the quality of most enterprise and
jobs created is poor.

Biotechnology is another major
strategic frontier in science, technology
and innovation, since it can greatly
contribute to the use of Brazilian
biomes, while strictly adhering to the
requirements of environmental
preservation. In this context, the
Amazon is a specific reality, due to its
potentialin biodiversity,
pharmaceuticals and others. It also has
an impact on national defence, since it
is not easy to maintain such large
territory without exploitation of any
kind, especially to enhance its
preservation.

Finally, it is necessary to develop a
national electric-electronic industry to
get rid of the status as permanent
importers of goods of low
technological complexity that are very
important in the consumption of
families — a situation that puts constant
pressure on the balance of payments.

These concerns hereindiscussed are
present in the articles that make up this
issue of Politika magazine.

The PSB’s history is built on the
defence of a social agenda, one of
development and national sovereignty.
We cannot aim low or propose only
what is conventional. We must not
resign ourselves to that which concerns
only a part of our elite, whose
patriotism goes no further than the
short space of its interests.

The PSB is a collective subject for a
civilizational project aimed at achieving
the highest results in technological
development, in the context of a
strategy for the social inclusion of each
and every human being, until each and
everyone can achieve full autonomy.

I wish all the affiliates, leaders,
supporters and citizens take the best
advantage of this read and in believing
that we can build a different and
better Brazil.

PolitiKa



introduction

Ricardo Coutinho

President of the Jodo
Mangabeira Foundation.

The challenges
of science in Brazil

At the vanguard of the
contemporary world economy
are the agents creating new
productive arrangements, new
processes and new products. In
the few domestic arenas, the
few major companies that
concentrate on the dynamics of
innovation continuously
capture and command positions
precisely because they can
recreate them. That is how
they gain advantages in the
international division of labour.

To support this process,
peoples of the most developed
societies are increasingly
engaged in research,
development, design, planning,
education and other related
activities. They progressively
occupy jobs dedicated to
knowledge and information,
lato sensu, compared to those
dedicated to manufacturing.
Even without performing
manual activity, this collective
intelligence densifies the
productive chains and
multiplies the social
productivity of labour.

Further to this point of view,

Brazil is facing great deadlock.

Whereas in the twentieth
century we demonstrated a great
capacity to learn the techniques
of the Second Industrial
Revolution, we did not create a
productive system capable of
competing for the leadership of
innovation. This has relegated
us to a peripheral position.
However, we are clearly not
at ground-zero: We form the
largest and most diverse
scientific and technological
community in Latin America,
with more than 120,000 PhDs
in activity; we have established
important research centres in
several areas; we have created
economic enterprises of
world-wide excellence. The
Brazilian Socialist Party has
already made great
contributions to such activities.
In order to deal with this
complex reality — full of
problems and possibilities — we
divided the agenda of this issue
of Politika on science and
technology in Brazil into three
blocks of articles:
(a) those dealing with general
issues of science and technology

policy, covering the path taken;

(b) those demonstrating
Brazilian success stories; (c) and
those discussing current

challenges for the future.

Aldo Rebelo and Luis

Antonio Paulino present the

issue of science and technology
from the point-of-view of a
national project, which can be
used either for the domination
or the emancipation of peoples.
Since the dawn of modernity,
nation-states are decisive, since
only they are capable of
assuming the risks associated
with high, long-term
investments and the
uncertainties related to the
maturation of important
innovations. All major private

technology companies — such
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as Apple, Facebook and Google
— have depended heavily on
public investment for their very
existence. Due to the retraction
of our State, Brazil has lost
ground in the new world
division of labour, whereas Asia

has gained prominence.

W

Joao Alberto de Negri and
Eric Jardim Cavalcanti discuss
the challenges of innovation in
Brazil. The connection between
scientific activity and the creation
of technology remains
embryonic. Brazil already
produces about 3% of scientific
articles published in the world,
but it only registers 0.1% of
patents. A low percentage of
Brazilian industries creates new

products. Our investment in

research and development grows
at lower rates in relation to the
advanced countries and at a
slower pace than the world
average. This poor level is also
linked to the continuous decline
in the share of industry in GDP
and the frailty of our services
sector with the highest

technological intensity.

Sergio Machado Rezende
highlights the progress we have
made, especially in the first
decade of the 21st century, but
draws attention to the instability
that still prevails in public
policies. He highlights the huge
recent setback in the federal
science, technology and

innovation system, due to the

frequent substitution of ministers

A

— on average one per year — each
one with their own priorities,
causing the discontinuity of many
programs. The merger of the
former Ministry of Science and
Technology with
Communications demoted the
S&T system to a lower level in
the federal government
hierarchy, and cuts in the budgets
of CNPq and Capes reduced the
number of grants. There is the
risk of a setback.

However, there are success

stories. Antonio Flavio Dias
Avila shows how the triumph of
Embrapa relied significantly on
heavy investments in human
resource development. The
company currently has almost
2,100 researchers with PhDs

from the best academic centres

PolitiKa
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in Brazil and abroad. Qualified
personnel, solid strategic
planning and modern
management processes have
made Embrapa the most
important worldwide reference
in tropical agriculture. The
company's performance was
decisive for Brazil to achieve a
five-fold increase in grain
production between 1975 and
2017 while merely doubling the
area planted. This gain in
productivity guarantees surpluses
in the country's trade balance on
one hand, while it supplies
cheaper and better food to the

domestic market on the other.

In the contemporary world,
science and technology are
essential activities for defence
policies. In this issue of Politika,
we highlight the contributions of
the Navy and Air Force, who
have worked closely with

universities, research centres and

companies. Carlos Alberto
Aragao de Carvalho Filho and

Guilherme da Silva Sineiro

show that our Navy performs
intense research in state-of-the-
art areas, such as new materials,
special alloys and the
electromagnetic spectrum —
ushering Brazil into the exclusive
group of countries that dominate
the entire uranium enrichment
cycle. The production of
submarines within Brazilian
facilities guarantees the
absorption of modern
shipbuilding technologies, with a
high degree of domestic

equipment and systems.

Thiago Caliari and José

Henrique de Sousa Damiani
tell the story of how the Air
Force supported the
transformation of the region of
Sio José dos Campos, Sdo Paulo
into one of the world's great
aerospace production clusters
with the integrated action of
governments, private companies
and academic centres of
excellence. It is a very
competitive sector with both

civil and military applications; it

demands highly qualified human

resources; and it has great
barriers-of-entry. It is a sector

that requires decades to mature.

Roberto Pereira d'Aratjo
reveals the specificities of the
Brazilian electrical system —
unique among power networks
in the world and thus the object
of great misinformation. At one
point in its history, starting in the
1960s, Brazil clearly understood
the potential of its geography and
generated new knowledge in the
production and distribution of
electricity. As a network, the
transmission lines began to play
an active role in the supply of
energy, adding 20% extra load to
the system. The idea of operating
each plant separately does not
make sense. However, since the
1990s there have been attempts
to broaden a market that is
essentially a cooperative system,
resulting in mounting expenses,
complexities and irrationalities

— the cost of which has been
transferred to the consumer. In
this case, a major Brazilian
technological achievement 1s

threatened.
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The third group of articles tells us
about future challenges. José
Cassiolato and Helena Lastres
highlight an important point: the
Brazilian agenda of science,
technology and innovation cannot
be separated from social issues and
the potential of development
areas: food, health, education,
housing, solid waste treatment,
access to drinking water and a
sewage system, among other
essential services also demand
innovative solutions that require a
lot of knowledge. Brazil has a
heterogeneous productive
structure, presents important
regional inequalities and has

traditional sectors with great

weight in the generation of jobs
and income. Therefore, we need
to forge our own path,
considering specific social and
territorial conditions, which
brings us back to the need for a
national project. In addition, the
authors emphasize that science
and technology policies cannot be
expected to succeed in a
macroeconomic environment

which is hostile to development.

Jodao Bosco de Almeida tells us

about the possibility of one great
potential of Brazil. In a world that
deals with scarcity, we can
consolidate a clean and abundant
energy matrix, based on renewable
resources, since we have biomass,
rivers, wind and sun on a large
scale — not to mention oil, natural
gas and uranium. He concludes
the article with a challenge: In the
1960s it was decided that the
development of the Brazilian
Northeast would be done with
industrialization. Today, the
government could guide its
policies so that the Northeast
could be the main supplier of
energy to Brazil using renewable
sources. It is a brilliant idea to
develop the region that has the
best winds, receives the highest
insolation, has 3,000 kilometres of
coastline for the construction of
offshore wind farms, houses the
largest reserves of uranium,
produces a lot of biomass and has
large areas suitable for the planting

of energy forests.

Finally, Guido Bertucci, from
the United States, discusses the
impact of the current Fourth
Industrial Revolution,
characterized by systemic changes
and the interdependence of
different technologies, with
important digital, biological and
physical innovations. Progress has
been very fast in quantum
computing, the internet of things,
3D printing, big data, data
blockchains, machine learning
and on-demand economics,
which affects industries,
businesses, professions and
institutions. In the labour market,
traditional professions tend to
disappear, while others arise and
are expanded. Government
performance will need to change
to keep up with so many

transformations.

By delivering this sixth issue of
Politika, with editions in
Portuguese, Spanish and English,
the Jodo Mangabeira Foundation

restates its commitment to the

qualified debate of the great issues
of Brazil and the world.

PolitiKa
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The improvement of vessels gave Portugal the lead in maritime
navigation. The steam engine set up the hegemony of England.
Einstein’s equation heralded the atomic age. Throughout history, science
and technology have been instruments of domination and emancipation.

Brazil’s backwardness in these areas helps explain our process of
de-industrialization, external deficits, and the loss of the skilled jobs
that are precisely the best-paid ones. As Asia gains prominence, we are
losing position in the new international division of labour - radically
transforming the way we design, produce, and use things.

Aldo Rebelo™ e Luis Antonio Paulino™

* Chief Secretary of the Civil office of the government of the State of Sao Paulo
during the administration period of Marcio Franca. He was Minister of the
Secretariat for Political Coordination and Institutional Affairs (2003-2005), President
of the Chamber of Deputies (2005-2006), Minister of Sports (2012-2014), Minister
of Science, Technology and Innovation (2015) and Minister of Defence (2016).
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national projects

Introduction

The development of mankind is
deeply linked to the efforts of sci-
entific discoveries, technological
achievements and innovations that
improved people’s material and
spiritual living standards.

The management of fire as a
primitive source of energy allowed
man the first great upgrade in the
precarious standard of living of the
Palaeolithic period. The invention
of the wheel changed the concepts
of time and speed in the transpor-
tation of household equipment, ob-
jects for commercial purposes and
military artefacts. The domestica-
tion of the horse on the steppes of
Asia for riding and traction forev-
er changed the locomotion for civ-
il and military purposes. Cavalry
modified the concept of warfare,
as the horse extended military lo-
gistics as never before. The few
horses brought by Herndn Cortéz
were enough to establish the supe-
riority of the Spanish invaders
against the Aztec infantry in the
region now occupied by Mexico.

Science, technology and in-
novation were combined to trans-
form life and geopolitics in three
emblematic situations: (a) the
great navigations of the Portu-
guese and Spanish in the fifteenth
and sixteenth centuries; (b) the
steam engine, with the subsequent
establishment of the industrial,
commercial, military, diplomat-
ic and cultural hegemony of En-
gland in the nineteenth century;
(c) Einstein’s formula (E = mc?)
was converted into the atomic
bomb by the United States as an
instrument of military domina-
tion in the twentieth century.

By bringing together the tech-
niques and knowledge of the Chi-
nese and the Arabs about naviga-
tion in the so-called Sagres School,
Prince Henry assured Portugal the
leadership in the race for the dis-
covery ofa trade route to Asia that
would bypass the Turkish block-
ade, established after the domina-
tion of Constantinople.

Although of unknown origin,
the Latin or triangular sail was
introduced to the Mediterranean
by the Arabs, allowing for navi-
gation against the wind and help-
ing Vasco da Gama in his adven-
tures through uncharted waters.
Due to its lightness and agility,
the caravel was decisive to over-
come transoceanic distances. The
compass and the astrolabe com-
pleted the technological arsenal
of the navigators — besides the
onboard cannons, of course.

It was thus that the commer-
cial influence of Portugal and
Spain was spread across the world,
together with the Catholic faith
and their respective languages,
spoken to this day by peoples of
America, Africa and Asia.

The innovation promoted by
the Portuguese led a small and
sparsely populated country to a
prominence that lasted for cen-
turies in the geopolitics of the
world. The epic Os Lusiadas, by
Luis Vaz de Camdes, raised the
Portuguese literature to the level
of the eternal classics by praising
the glories and deeds of the Lu-
sitanian navigators.

In the transition from the
eighteenth to the nineteenth cen-
tury, the Chinese economy ranked
first in the world. But this sce-
nario was soon changed by the

The degree of mastery of

science, technology and

innovation determines the
position of each country in the
international system. This is

a matter of state. A national
project requires a long-term
vision, which cannot depend on
the moods of financial markets.

adaptation of an ancient Greek
invention of Heron of Alexan-
dria: the steam engine.

The Englishman James Watt
converted the Greek invention
into a powerful device, which
revolutionized the textile indus-
try of England, which started
leading industrial production and,
thereafter, the economy of the
planet. It was a prodigy achieved
by the conversion of a scientific
curiosity into invention, and of
an invention into an instrument
of a national development and a
project of colonial domination.

Technology as an
instrument of domination

In 1793, King George III sent Lord
Macartney as ambassador to Em-
peror Qianlong to offer the won-
ders of English industry to Chi-
nese consumers. After a period in
the port of Rio de Janeiro for rest
and supply, the great expedition
arrived in China, where it was re-
ceived with great pomp and pag-
eantry. But Qianlong was not in-
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terested in the novelties. China
produced fine fabrics in large
quantities, so that the pieces of the
British textile industry did not
impress him. It would be later that
the Chinese would come to know
of another piece of equipment pro-
duced by the steam engine: the
English gunboats that bombed and
occupied the port of Canton. The
Opium War forced China to open
its market for drugs produced in
the British colonies and the fabrics
from factories of Manchester.

With its ports occupied by
powerful European countries,
China was subjected to a process
of colonial domination. At the
entrance of the English district
of Shanghai one could read the
inscription: “Dogs and Chineses
not admitted”. The humiliation
was extreme, but the exploitation
was even greater. The expression
“Chinese deal” was born in that
period, referring to transactions
in which one side gained a dis-
proportionate advantage.

It was not until 1998 that En-
gland returned Hong Kong to the
Chinese. Macau was returned the
tollowing year, after an agreement
between China and Portugal.

*x % %

In the early twentieth century, the
German physicist Albert Einstein
revealed to the world an equation
that summed up and synthesized
the effort of scientists from many
countries over many years of re-
search: E = mc?, whereby energy
was equal to the mass multiplied
by the speed of light squared. It
was a revolution in science and a
promise for the future of human-

ity: a small portion of matter could
be converted into an enormous
amount of energy. Einstein’s dis-
covery generated technologies of
peaceful use: by centrifugation,
for example, certain materials can
produce fuel or derivatives used
in the production of drugs for the
treatment of many diseases. But
the most important part of the
equation came in the atomic
bombs launched by the United
States on the Japanese cities of Hi-
roshima and Nagasaki in 1945 at
the closing of World War II. To
this day, the Japanese archipelago
hosts part of the US nuclear arse-
nal due to the surrender agreement
signed after the conflict.

Research and production of
derivatives of the nuclear indus-
try are the only activities for
which intellectual and industrial
property is not recognized, which
guarantees full freedom to the
powerful countries to develop
and multiply their arsenals.

Technology as an
instrument of
emancipation

In Brazil, the effort for innovation
is confused with the very forma-
tion of the nation. In the sixteenth
century, according to the historian
Jorge Caldeira, “while European
physicians manipulated something
like 150 vegetal species, some pop-
ulations worked with about 3,000
species. [...] 3/4 of all the medici-
nal drugs with vegetal origin cur-
rently used in the world derive from
this native knowledge”.!

Gilberto Freyre reports on the
conflict in Recife in the eigh-
teenth century between residents

and Portuguese authorities, who
forbade the activity of healers and
rezadeiras (women who pray to
cure diseases), who held native
knowledge. With their plants,
they dealt with tropical discases
unknown to European physicians
with solid academic background.
Still in the sixteenth century,
the Portuguese established in Bra-
zil the first mills, the vanguard of
industrial activity, producers of the
most valuable commodity of that
time: sugarcane. If we compare
the production process of the first
mill introduced by Mrs. Ana Pi-
mentel in the So Vicente captain-
cy with the current second-gener-
ation ethanol industries, we cover
along and victorious trajectory of
innovation in this important in-
dustrial activity in Brazil.
Dom Jo3o VI’slicense of 1809
— granting advantages to inven-
tors and a period of monopoly
over their inventions —is the first
intellectual property law in Bra-
zil and the fourth in the world,
after similar laws in England,
France and United States.
Bartolomeu de Gusmio, the
Brazilian “flying priest”, was the
first man to make the airship, nick-
named “passarola”, function in
1709, in front of the eyes of a sur-
prised and amazed city of Lisbon.
This tradition of Brazilians inter-
ested in overcoming the limits of
gravity was followed by Augusto
Severo and Santos Dumont in
Paris in the late nineteenth and
early twentieth centuries.
Before Santos Dumont, Au-
gusto Severo had attempted the
same achievement of the genius
of the 14Bis. The artefact of the
pilot and engineer exploded in
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the air and crashed over the
French capital. The street that
witnessed the accident was named
after the Brazilian inventor.

The memory of engineer, in-
dustrialist, inventor and politician
Severo is not well-preserved,
which is an injustice, since his
effort is comparable to the saga
of Santos Dumont in liberating
man from the limits of gravity.
In addition to a street in Sio Pau-
lo, the old airport of Natal is
named after him — far too little
for such a great role model.

For a long time, the shortage
of university and research centres
restricted the scientific universe
of the country to a group of re-
searchers from military schools
or from medical or law schools.

Arthur Ramos, Nise da Sil-
veira, Anisio Teixeira, Josué de
Castro, Piraji da Silva, Rocha Li-
ma, Samuel Pessoa, Alberto da
Mota e Silva, Casimiro Monte-
negro, Carlos Chagas, Vital Bra-
zil, Othon Pinheiro, among oth-
ers, stood out as inventors and
pioneers in social sciences, med-
icine, and in nuclear and space
research as well.

Gilberto Freyre and Darcy Ri-
beiro in the Social Sciences; César
Lattes, Mdrio Schenberg and José
Leite Lopes in Physics: they are
exceptions to the rule for aca-
demics dedicated to teaching and
research in Brazil.

President Sarney created the
Ministry of Science and Technol-
ogy from the existing structures
of the National Council for Sci-
entific and Technological Devel-
opment (CNPq) and the Studies
and Projects Funding Institution

(Finep). The first holder of the
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office was Renato Archer, a for-
mer disciple of Alberto da Mota
e Silva, founder of CNPq. Both
were Navy officers interested in
science and research.

Today, Brazil has a sophisti-
cated network of universities and
institutes, federal and state ones
—1in this case, mainly in S3o Pau-
lo — that are dedicated to scien-
tific and technological develop-
ment and innovation. This system
has important financing instru-
ments, structured in special funds
or in specific laws, such as the
Fapesp case in S3o Paulo.

A study released in 2014 by
the Organization for Economic

Co-operation and Development
(OECD) showed that the world’s
resources for research, develop-
ment and innovation had been
cut in half. The crisis that hit the
Brazilian economy also affected
the federal government’s budget
for research, to the detriment of
all the efforts in renewing the
teams and the finance of equip-
ment and projects.

When I was in charge of the
Ministry of Science, Technology
and Innovation, I prepared and
presented a decree for President
Dilma Rousseff, which included
science and research as an area

to benefit from the resources of
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the Pre-Salt, along with educa-
tion and health. At the time, I
told the President it made no
sense to dissasociate health and
education, on one hand, from
science and research on the oth-
er. I realized that there was not
a single work linked to science,
technology and innovation in
the Growth Acceleration Pro-
gram (PAC), and I said that it
made no sense to seck develop-
ment while neglecting science
and research. I was able to get
the works of the Sirius particle
accelerator in Campinas and the
Brazilian Multi-purpose Reactor
in Sio Paulo into the PAC.

While still in the ministry, I
defended the goal of reaching the
2% of GDP target for science and
research. I pointed out the seri-
ous consequences of our deficien-
cies in science, research and in-
novation for the competitiveness
of the economy and the quality
of jobs generated in Brazil. The
country’s technological obsoles-
cence explains the process of
de-industrialization, growing
current account deficits and the
loss of qualified jobs.

Science, technology and in-
novation determined and contin-
ue to determine the position of
the countries in the world. Being
a protagonist or a simple dot in
the world map depends on the
scientific and technological ca-
pacity of the country, as much in
economy as in defence. The qual-
ity of education and the capacity
to innovate in industrial process-
es and national defence are the
hallmark of the recent past, the
present and the future in the dis-
pute among nations.

The State behind science
and innovation

In the 1980s, it had almost become
common knowledge that the Jap-
anese economy had become more
competitive than the American
one. People used to mock at the
time about the expression “my Jap-
anese is better than yours”, in refer-
ence to the quality of the Japanese
products, mainly electronic ones.

The dispute generated rest-
lessness that crossed the frontiers
of economy, invading geopolitics
and the mass culture. Akio Mor-
ita unveiled Sony’s achievements
in his book “Made in Japan”, pub-
lished in 1986. Shintaro Ishiha-
ra, an intellectual and former
governor of Tokyo, widened an-
imosity by releasing the text en-
titled The Japan Who Can Say
No, a proclamation of threats to
the United States and affirma-
tion of the Japanese superiority.
The English translation was re-
leased in 1991.

In the United States, the an-
ti-Japanese wave was no smaller.
In 1989, film maker Ridley Scott
presented Black Rain, in which
the actor Michael Douglas is an
American policeman who goes
to Japan to persecute the local
mafia, Yakuza, and to execute its
members. There could be no more
explicit fable to reveal the state
of mind of the United States to-
wards the Asian country. In 1992,
Michael Crichton, a bestselling
author, published Sun Rising, a
novel that denounces the alleged
disloyalty of Japanese companies.

That was the atmosphere when
Bill Clinton was elected President
of the United States in 1992. He

called on Laura Tyson, a Berke-
ley researcher, and set the chal-
lenge: how to meet the growing
Japanese competitiveness and
catch the breath of the American
industry and technology?

Clinton received a critical but
optimistic diagnosis. The United
States was the biggest economy
in the world, had the largest bud-
get for science and research, had
the best universities and institutes,
and kept the best brains on the
planet in their laboratories. The
largest companies in the world
were headquartered there.

In order to the country re-
gain its leadership, the team of
consultants recommended ex-
panding research resources, in-
creasing purchase from compa-
nies in problematic sectors and
integrating the innovation sys-
tem. When it was done, the idea
that the Japanese economy would
overtake the American one be-
came a legend.

Mariana Mazzucato, a senior
researcher in innovation econom-
ics at the Department of Political
Science Research at the prestigious
University of Sussex in England,
has written the important book

Without the support of their

respective nation-states, there

would be none of the large

private companies dominating

the world economy.

They did not happen alone.
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The Entrepreneurial State, celebrat-
ed worldwide for defending the
state’s presence in the research and
innovation effort. Supported by
detailed research, Mazzucato
proves that without government
money there would be no big tech-
nology companies like those that
dominate the world from the Unit-
ed States. Funded by the State,
Apple, Facebook and Google re-
sulted 1n applications and services
that determine the American he-
gemony across the sector. Mazzu-
cato’s thesis states that only gov-
ernment can take the risks inher-
ent to the high investments in
science, research and innovation.

Americans continue to be
challenged in the Eurasian space.
Russia haunts by demonstrating
the resumption of its military ca-
pacity, which has been largely
victorious in the Syrian conflict.
China shifts its scientific and tech-
nological effort to grant its econ-
omy a high technological standard
and thus reaffirm its own trajec-
tory towards the world leadership.

Technology:
Modern King Janus

The impacts of the three indus-
trial revolutions of the last 250
years were enormous. The first
one radically transformed the
world. New technologies intro-
duced from the steam engine that
mechanized spinning and weaving
gave rise to new systems of pro-
duction, transportation, exchange
and distribution of products.
However, like King Janus,
technology has two faces. The
First Industrial Revolution con-
tributed to enriching the world

and raising the general standard
of material life of the society, but
also allowed the increase of the
exploitation and expansion of co-
lonialism. In the mid-eighteenth
century, taking advantage of the
technological, economic, and
military superiority, England and
the Allied Countries imposed the
so-called “unequal treaties” or
“wicked treaties” on countries as
wide ranging as Brazil (Opening
of the Ports in 1810), China (Trea-
ty of Nanking in 1842) and Japan
(Ansei Treaties in 1858).

Between 1870 and 1930, the
domain of electricity allowed for
the introduction of the new set
of inventions and innovations —
including the radio, the telephone,
the television, electric lighting,
home appliances and refrigeration
— of the Second Industrial Rev-
olution. Innovations in water
treatment, sanitation and health
allowed life expectancy to prac-
tically double in all countries.
Chemical discoveries, such as syn-
thesizing ammonia through the
Haber-Bosch process, made it
possible to produce nitro-
gen-based fertilizers in the prepa-
ration of the “green revolution”
that occurred in the 1950s.

These technological advances
widened the gap between rich
and poor countries and were pres-
ent at the outbreak of two world
wars that cost tens of millions of
lives due to the lethality of new
weapons.

The development of digital
technologies in the second half
of the 20th century paved the way
for a third wave of innovations in
areas as diverse as information
technologies, microelectronics,

biotechnology, nanotechnology
and robotics, among others. The
reduction of transportation and
transaction costs provided by the
new information technologies,
mainly the internet, promoted a
new change in the global produc-
tion system, leading to the cre-
ation of global value chains and
the deepening of the process of
the productive globalization.

This phenomenon generated a
new international division of la-
bour in which knowledge and
technology-intensive activities are
increasingly located in the rich
countries, alongside the headquar-
ters of large multinational corpo-
rations, as they are the most prof-
itable and require qualified and
well-paid manpower. Add to this
the interest of these large compa-
nies in maintaining in their head-
quarters control over technology
and industrial secrets. On the oth-
er hand, labour-intensive activi-
ties, especially the cheapest ones,
as well as those intensive in the
use of raw materials and energy,
or more polluting, were moved to
the developing countries.

This new international divi-
sion of labour, made possible by
the innovations resulting from the
Third Industrial Revolution, has
contradictory results. On one
hand, it further deepened a divi-
sion of labour that concentrates
more value-added and more
knowledge-intensive activities in
the rich countries. On the other
hand, enabling the integration of
developing countries into global
value chains has allowed their con-
tribution to the global generation
of wealth to exceed that of the rich
countries for the first time.
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The country that took the
greatest advantage of this new
situation was China, which be-
came the second largest economy
and the largest world exporter
of manufactures. India has also
benefited, occupying an import-
ant space in the area of informa-
tion technologies.

Brazil and the new
international division of
labour

Brazil, unlike China and India,
has experienced a premature pro-
cess of deindustrialization, associ-
ated with a strong tendency to
reprimarize the economy. This is
reflected both in the quality of
jobs generated and in the techno-
logical content of our exports.
According to Figure 1, com-
piled from data of the Ministry

of Labour and Employment, the
net generation of jobs in the coun-
try was 10.4 million of formal
jobs between 2003 and 2017.
However, the distribution of this
balance of jobs by salary brings a
worrying revelation: in the range
of 0.5 to 2.0 minimum wages we
had a positive balance of 17.2 mil-
lion formal jobs, but there was a
net loss of 6.9 million jobs remu-
nerated above two minimum
wages. The largest losses are con-
centrated in the range of 2 to 3
minimum wages (2.6 million
jobs) and 3 to 4 minimum wages
(1.4 million fewer jobs).

In Brazil there is a movement
opposite to that of China. While
the average cost of labour in the
offshore industrial heartland of
that country more than doubled
compared to the industrial sector
of the United States — from

around 30% in 2000 to 64% in
2015 — Brazil has established a
trend of generating increasingly
underpaidjobs.

This phenomenon of techno-
logical impoverishment of Bra-
zilian industrial production also
appears when taking into account
the evolution of our exports, split
by technological content. As
shown in Figure 2, between 2003
and 2017, the Brazilian export
agenda was increasingly domi-
nated by commodities, minerals
and agricultural products, as well
as products of the low-intensity
technological transformation in-
dustry. The relative share of high
technology products (aircraft,
computer equipment, electronics
and optical products, chemical
and pharmaceutical products) is
approximately at the same levels
over the last sixteen years.

Figure 1| Balance of formal work positions in Brazil by salary ranges in minimum wages (2003-2017)
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Source: Ministry of Labour and Employment, General Register of Employed and Unemployed (Caged). Authors’ elaboration.
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Figure 2 | Brazilian exports by technological intensity (2003-2017) - US$ billion
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The Fourth Industrial
Revolution:

new challenges for
developing countries

The world is today witnessing
the transition to what has become
known as the Fourth Industrial
Revolution. Advances in the ar-
eas of artificial intelligence and
robotics, neuro-technologies,
augmented virtual reality, new
materials and energy technolo-
gies promise to radically trans-
form how we produce and use
things. The potential benefits and
risks of these new technologies
in all fields of human activity are
enormous.

Compared with previous in-
dustrial revolutions, digital tech-
nologies carry a much greater risk
that the winners of this new tech-
nological race can seize all mar-
kets and establish monopoly pow-
er. Google controls almost 90%

of the global internet search and
advertisement market, Facebook
77% of social network traffic, and
Amazon nearly 75% of the e-book
market.

The digital expansion of the
Third Industrial Revolution al-
lowed the expansion of global
value chains and the integration
of developing countries into the
global production system. The
current revolution can bring the
inverse effect. Advances in robot-
ics, artificial intelligence, new
materials and 3D printing may
render irrelevant the comparative
advantages that have allowed ma-
ny countries, including China, to
become inserted in the global val-
ue chains.

More sophisticated robots, op-
erating with artificial intelligence
and increasingly cheaper, can
eliminate the need to transfer cer-
tain stages of the industrial activ-
ity to countries with low-cost

e N.().T Products (Agriculture, Livestock,
Fishing, Forest Prod., Fishing,
Aquiculture, Extractive Industries)

Processing industry of medium-low
technology products

Processing industry of medium-high
technology products

Processing industry of low technology
products

Processing industry of high technology
products

labour, as has happened in the last
decades. We can see the shrink-
age of the global value chains,
leading to the exclusion of mil-
lions of workers and the precar-
ious living conditions of hundreds
of millions of people in the de-
veloped and developing countries.
In the United States, for example,
94% of the new jobs created be-
tween 2005 and 2015 are “alter-
native forms of work,” without
social protections, labour rights
or any type of significant control
by workers.

Given this scenario, China has
been taking a series of measures
aimed at changing the basis of its
current economic model. The
transition of the country to a new
path, based on technological in-
novations, is necessary to contin-
ue its development process. Hav-
ing accelerated its growth in the
last thirty years based on the use
of mature technologies, imitation,
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scarce intellectual property rights,
and even violation of intellectu-
al property rights of foreigners in
some cases, the question now is
how to generate autochthonous
innovations.

In 2006, the Chinese govern-
ment adopted the strategic deci-
sion to make China an innovative
country. In that year, the IV Na-
tional Conference of Science and
Technology established the fol-
lowing points: (a) technical prog-
ress would be the main driving
force of economic and social de-
velopment; (b) independent ca-
pacity for innovation would be
the main link between econom-
ic restoration, change in the
growth model and improvement
of national competitiveness; (c)
the construction of an innovative
country would be the main stra-
tegic objective.

In 2015, the Chinese govern-
ment launched a new industrial
policy called “Made in China
20257, the main objective of
which is to make the country in-
dependent in state-of-the-art
technologies and less dependent
on the import of components of
high technological content (in
2014, China spent more with the
import of semiconductors than
with the purchase of petroleum).
The plan is a combination of pro-
posals to stimulate the country’s
technological goals. Taking Ger-
man Industrie 4.0 as a model, it is
aroadmap to divert the industri-
al sector from labour-intensive
activities and the manufacturing
low-value products for which the
country is known, to a model
based on intelligent technology
—which is especially usefully since

labour costs are rising. Although
the objective of the “Made in Chi-
na 2025” project is to modernize
the industry in general, R. Bar-
bosa (2017) says that “the plan
indicates ten priority sectors: new
advanced information technolo-
gy; robotics and automated ma-
chines; aerospace and aeronauti-
cal equipment; naval equipment
and high-tech ships; modern rail
transport equipment; vehicles and
electrical equipment; power gen-
eration equipment; agricultural
machinery; new materials, bio-
pharmaceuticals and advanced
medical products”.

With this plan, China aims to
produce high value-added parts
and components, increasing the
national content of technology
products by 40 percent by 2020
and to 70 percent by 2025. Com-
panies that benefit from such sup-
port are expected to achieve a
participation of at least 80% in
the domestic market in only eight
years. The rise of China’s high-
tech industry has been boosted
by the growth in R&D invest-
ments. According to the Battelle
Memorial Institute, China is ex-
pected to overtake Europe in
terms of R&D spending in 2018
and the United States in 2022.

Faced with these new chal-
lenges, Brazil has no alternative
but to invest heavily in science
and technology and in research
and development, if we intend to
play a role in the world in the
twenty-first century. In fact, it is
not an option, because the alter-
native is to become irrelevant.
Brazil must invest heavily in sci-
ence and technology and in re-
search and development.

Note

1. Caldeira, 2017, p.23
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the coming years. The techno-
logical frontier of the world dees
not stop moving. New manufac-
turing trends put pressure on those
who produce goods and services.
Advanced manufacturing, espe-
cially intelligent, aggregate man-
ufacturing and robotic systems are
the new frontier of knowledge and
development.

Particularly in the business pro-
ductive sector, Brazil cannot re-
main afar from this new frontier.
The share of exports of manufac-
tured goods fell 40% between 2002
and 2017, and the balance of trade

durable goods. Tw@-thirds of cap-
ital goods are imported.

At the core of this debate is the
education of human resources,
particularly in the development
of new areas in Physics, Engineer-
ing, Chemistry, Mathematics and
other segments. Getting national
production to the most advanced
level — using information and
communication technologies, in-
telligent sensors and machines in
the industrial process — is a key
issue for increasing income and
generating better and more pro-
ductive jobs.






Innovation

There is potential demand, es-
pecially in critical technologies
in the areas of energy, health, ag-
riculture and defence. We need
to anchor the advanced manufac-
turing initiatives in sectors where
there are critical technologies to
be incorporated in the Brazilian
productive sectors.

Brazil needs to think of intel-
ligent manufacturing from insti-
tutional structures that use the
open laboratory concept to de-
velop, demonstrate and scale tech-
nologies applied to business proj-
ects. It is also essential to develop
autonomous robotic systems, fo-
cused on remote manufacturing
and applied in industrial environ-
ments, precision agriculture and
special equipment. There are many
challenges and possibilities.

In the last decades, the world
S&T matrix has become denser
and more complex. There is an
interconnection between S&T
areas, change of scale and inten-
sification of the scientific produc-
tion in all technological domains.
The uniqueness of the techno-
logical paradigm of this world
matrix, when compared with pre-
vious paradigms, is the close re-
lationship between the scientific
knowledge base and the techno-
logical production. This close re-
lationship between science and
technology explains why the ad-
vancement of a nation’s scientif-
ic knowledge largely determines
its capacity for technological in-
novation.

Hence the current direct re-
lationship between the capacity
to generate wealth and S&T lead-
ership. Countries considered lead-
ers in S&T are also economic

powers with high levels of pro-
ductivity growth and, therefore,
strong economic growth. They
present increasingly complex ma-
trices in science and technology.

Brazil is out of sync with the
world matrix, concentrating ef-
forts far from the cutting edge
where the leading nations do not
make great efforts. Therefore,
Brazil has maintained its relative
position in the technological race,
neither moving forward nor back-
wards, while other large- and me-
dium-sized emerging economies,
such as China and Korea, have
changed their S&T structure and
have overtaken Brazil.

From the second half of the
2000’s onwards, there is a global
S&T standard focused on the tech-
nological areas that support a new
way of manufacturing products,
such as information technology,
biotechnology and electronics.
Brazil has a lagged agenda of re-
search, little structured and out
of the focus of the technological
dispute. There is great difference
among the paradigms of Brazil-
ian S&T, global S&T and that of
the technologically emerging
countries.

Is it possible to change this sit-
uation? What conditions are nec-
essary to do so? There is only one
answer to that: yes, it is possible to
change Brazil in one generation!
This requires conciliation between
the main economic agents of the
public and private sectors, appro-
priation of solutions found by oth-
er countries and the demonstration
of reasonable persistence.

The conciliation between the
economic agents of the main pub-
lic and private sectors will be the

thorniest issue in the coming de-
cades, mainly because of the high
tax expenditures in the recent past
and the traditional industrial pol-
icies that have been active for de-
cades in Brazil.

There is a long divide between
Brazil and more developed na-
tions. Is it possible to observe the
experiences of other economies
and use appropriate tools to ac-
celerate our arrival at the frontier
of the developed world? The an-
swer is yes, as long as we are able
to associate relevant public and
private economic agents with a
robust science base and an ex-
change of information about suc-
cessful experiences.

Such ex-ante coordination goes
far beyond the idea that liberal-
ization and openness of the econ-
omy would automatically produce
technological convergence among
nations. This is an old and mis-
guided view. Productive devel-
opment based on science, inno-
vation and technology requires
policy. No country has managed
to approach the technological
frontier without establishing close
cooperation between the public
and private sectors. Brazil has
backtracked and made mistakes
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in its opening process. The exis-
tence of a competitive environ-
ment is fundamental for innova-
tion, since protectionism and iso-
lation keep the economy and
companies in their comfort zones.
At the same time, the presence of
the State is essential because the
uncertainty and risk of this type
of investment need to be shared
and mitigated to stimulate corpo-
rate involvement.

The dynamics, pace and tim-
ing of the S&T production are
not always predictable. That is
why the State is a major player
throughout the world. It is not
by chance that advanced coun-
tries choose scientific areas and
define critical technologies to be
mastered, thereby allocating pub-
lic resources to boost innovation.
There is no technological devel-
opment without an active par-
ticipation of the public sector.

There is no easy way to achieve
a faster pattern of economic de-
velopment. The objective of this
article is to address the challenges
in three aspects that are especial-
ly relevant for Brazil: professional
education for innovation, science,
and corporate innovation.

Professional education
for innovation

Brazil has
the education of its citizens and,

dual characteristics in

consequently, in the formation of
their professional and productive
capacity. On the one hand, there
has been progress in the process of
universal basic education and also
in increased access to college edu-
cation. On the other hand, the qual-
ity of education has not kept up

with the pace, remaining at the
same or lower level, despite allocat-
ing sufficient financial resources.
The quality of the Brazilian
basic education is low, especially
in the publicsystem, responsible
for more than 80% of the
students,which profoundly impacts
the human capital development
conditions required to generate
innovation and ensure sustainable
growth in productivity. Indicators
such as the International Student
Assessment Program 2015 (PISA)
have helped to shape this scenario:
91% of the evaluated countries
present a mathematical perfor-
mance superior to that of Brazil.
Brazil’s performance in math-
ematics at PISA 2015 is scary: while
only 30% of Brazilian students
performed satisfactorily, more than

70% of the countries that partici-
pated in the examination enrolled
at least 50% of students with sat-
isfactory performance (Figure 1).
This result is directly related to
the decisions made by students
when they finish the cycle of ba-
sic education. The decision to pur-
sue careers in Human Sciences or
other fields not related to math-
ematics and exact sciences is more
common among Brazilian stu-
dents, resulting in an insufficient
stock of professionals in key areas
for the processes of invention and
innovation such as engineering,
physics, chemistry and informa-
tion technology, among others.
The poor performance of the
country in examinations of basic
educational knowledge is usually
excused by insufficient resources.

Figure 1| Percentage distribution of students with adequate performance

in mathematics - PISA 2015
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However, direct public spending
on education has grown consis-
tently over the years, as a propor-
tion of the Gross Domestic Product
(GDP), reachingalevel equivalent
to the international standard. Even
so, Brazil’s performance has been
even lower than that of countries
which invest less in education.

The evolution of expenditure
has also been followed by im-
provements in the physical infra-
structure of schools and in non-
financial aspects, such as the re-
duction of overcrowding in the
classrooms. However, contrary to
expectations these advances were
not reflected neither in the edu-
cational performance nor in the
labour productivity.

Studies such as Hanushek
(2013) indicate that the quality of
education and the training of the
workforce are the factors with

greater impact on productivity and

economic growth. Topel (1999),
Glomm and Ravikumar (1992)
and Benanou (1996), in turn, show
that there is an overflow from ed-
ucation to productivity and that
these effects are more associated
to quality than to the average lev-
els of education of the population.
More educated workers can
transmit effects deriving from their
school level to other workers,
through stimuli resulting from ob-
servation and coexistence. How-
ever, this effect is limited by the
degree of complexity of the pro-
ductive process and the educa-
tional background of individuals.
When the process involves a high
degree of technological complex-
ity, the overflow is only possible
if the workforce has an education-
al level that can capture the stim-
uli in a relatively homogeneous
way, which only occurs when it
has a higher quality education.

The absorption of technology
in Taiwan, Finland, Singapore,
South Korea and some Baltic coun-
tries, until very recently, was on-
ly made possible due to the qual-
ity of education of'its citizens. This
achievement increased productiv-
ity rapidly and sustained complex
productive processes by making
important modifications in the
institutions and in the business
environment. Although not the
only condition for development,
skilled human capital is a critical
factor in absorbing technology.

According to data from the
National Household Sample Sur-
vey (PNAD) 2016, the schooling
rate of the population from zero
to seventeen-years-old has in-
creased in the last ten years in
almost all income quintiles. In a
decade, average schooling went
from 6.2 years to 8.7 years. How-
ever, we should not be deceived
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by the evolution in the indica-
tors, since the speed of this tra-
jectory is still far from ideal. At
this rate, satisfactory levels of
schooling would only be achieved
in about half'a century. In addi-
tion, the indicators that measure
age-grade adequacy and quality
of education did not follow the
positive trajectory. Brazilians
have almost 30% less years of
completed study than what is
considered ideal for the age.

This diagnosis shows that there
are obstacles in building a human
capital base prepared for acceler-
ated technological changes. De-
veloping a productive profile fo-
cused on innovation also seems to
be compromised by this situation
that lacks basic competencies to
boost the national innovation sys-
tem. Every productive base is re-
strained by these constraints,
which makes the Brazilian econ-
omy uncompetitive.

The college education system
in Brazil has evolved significant-
ly in the last few years, following
the trend of all the countries of
later development. There is a
growing demand for qualified
professionals and, consequently,
a significant increase in the de-
mand for college or technological
education. However, Brazil has a
late history of developing aca-
demic institutions and universal
educational policies. Registration
in undergraduate courses, for ex-
ample, rose from 3 million to 8
million between 2001 and 2015,
largely as a result of expanding
private education, responsible for
receiving 76% of the enrolled
INEP data compiled by Schwartz-
man (2018).

Brazilian college education has
little diversification. In universi-
ties, the colleges of Education,
Law, Business and others in the
Human Sciences field are predom-
inant; whereas technology cours-
es, engineering and others in the
area of exact sciences or applied
natural sciences are offered on a
smaller scale — this is directly re-
lated to the nature of these insti-
tutions (their incorporation, the
way they manage people and re-
sources) and the demandsfrom stu-
dents and the labour market.

In terms of the production of
scientific research, universities and
public college education institutes
clearly differ from the private uni-
versities. Most basic and applied
research 1s conducted by public
institutions, which are also respon-
sible for offering most postgradu-
ate courses. Thus, there is a great
discrepancy between the concen-
tration of the number of registra-
tions and the locus of conducting
research and generating new
knowledge for the country. Less
than 1/4 of the students enrolled
in college education are exposed
to an atmosphere that stimulates
novelty and innovation, as well as
having the opportunity to take
part in research groups or activi-
ties of scientific and technological

development in the academic en-
vironment.

Contrary to the structure of
courses offered in private univer-
sities, public universities concen-
trate education associated with En-
gineering, Science, Mathematics,
Computing, Agriculture and Vet-
erinary Medicine. This situation
deeply restricts the stock of human
capital that is indispensable for the
processes of production and inno-
vation.

Although unintentional, Bra-
zilian society had always reinforced
the typical careers of State, creat-
ing a culture interested in the pub-
lic careers strongly associated with
supervision and administrative
processes. There is a tendency to
stifle the private initiative, both
by over-regulation and by the
State’s relegating responsibilities
to the private sector.

When faced with greater po-
tential for jobs, salary and stabil-
ity in the public sector, the stock
of human capital that could flow
to private sector careers in tech-
nology and applied sciences —
greater promoters of innovation
and productive inventiveness —
tends to prefer careers in the for-
mer. Although the area of engi-
neering, production and construc-
tion studies showed an increase in
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their recent relative participation
— to the detriment of the Human
Sciences and Arts area — there was
no substantial change in the dis-
tribution between the people oc-
cupied by area of study and the
courses chosen by the college stu-
dents in Brazil.

It is also important to draw
attention specifically to the per-
centage of graduates in engineer-
ing careers and other technical-
scientific ones. The careers that
comprise this group cover fields
4 and 5 of the International Stan-
dard Classification of Education
1997 (ISCED 97). Figure 2 below
gives an initial indication of the
relevance of this information in
the world.

Salerno et al. (2014) indicate
a correlation of almost 70% be-
tween the variables of GDP per
capita and participation of profes-
sionals involved in science and
technology in the labour force.
These authors also performed a
statistical test that seeks to remove
the influence of variables such as
degree of development, security
of the business environment and
other characteristics peculiar to
cach country. They obtained sig-
nificantly positive results for the
relationship between per capita
GDP growth and the proportion
of professionals from engineering
and scientific-technological ca-
reers in the total workforce of the
country.

The association between the
expansion of per capita income
and the insertion of these profes-
sionals into the productive process
is directly related to the capacity
of the economy to grow in the
long term, since these individuals

hold the necessary knowledge to
implement technological innova-
tion, a preponderant factor for
sustainable growth and produc-
tivity expansion. Brazil occupies
a disadvantaged position in this
ranking of countries, which in-
dicates its inability to expand a
more dynamic and innovative
production. It also reveals that the
country is unattractive to inter-
national investment in more no-
ble productive activities that re-
quire the use of more skilled
workforce. Poorly competitive in
this aspect, Brazil tends to move
away from the most sophisticated
global value chains.

Mostly for scientific and tech-
nological careers, engineering,
exact and earth sciences account-
ed for almost 25% of the total
number of postgraduate students.
When including the areas of ag-
ricultural, biological and health
sciences, which stand out strong-
ly in the productive and scientif-
ic scope of the country, these per-
centages reach 53.4% of the total
postgraduate students.

The expansion of the num-
ber of post-graduates also influ-
ences academic production. Pub-
lications of Brazilian authors in
international magazines rose
from 8,600 in 1996 to 62,000 in
2009. This number is 53% of the
total for Latin America and 2.5%
of all publications in interna-
tional magazines of the world.
On the other hand, the number
of citations of articles written by
Brazilians in the international
literature fell from 29 to 8.3 be-
tween 2000 and 2010, suggest-
ing a significant drop in the rel-
evance of publications.

A relatively disperse and un-
focused scientific production of
Brazil was also identified. Data
from 2016 of the Ministry of Sci-
ence, Technology, Innovation and
Communications (MCTIC) show
that 200,000 researchers from
37,000 research groups in 531 in-
stitutions received resources to
conduct research. A large part of
these contributions paid salaries
and scholarships. There isdiffi-
culty in directing investments to
laboratories focused on techno-
logical frontier activities and
scarce resources directed to the
development of new technologies
for the productive sector. Several
indicators reveal this situation.
Particularly noteworthy is the
small number of patents registered
and the fact that most doctorates
work in public universities, which
demonstrates the weak link be-
tween scientific production and
the Brazilian productive sector.

Science in Brazil

The production of knowledge de-
pends on the existence of an ex-
tensive and modern hub of scien-
tific and technological research,
which is indispensable for eco-
nomic and productive develop-
ment. Most of the research and
development (R&D) investments
in the world come from univer-
sities and public institutions. In
Brazil, the public sector account-
ed for almost half of the resourc-
es invested in R&D activities in
2014, the year in which the larg-
est investments of the last decades
were made in the amount of 1.27%
of GDP. Despite the efforts to in-
duce entreprenecurial investments,
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Figure 2 | Percentage of graduates in Engineering and other technical-scientific careers in total graduates, 2002 and 2012
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the proportion of the public sec-
tor in R&D investments has re-
mained stable over the years.

A study conducted by De Negri
and Squeff (2016) with data ob-
tained in 2012 showed that 56% of
the research infrastructure of the
country was less than 20 years old
and more than 70% of the outfits
investigated had obtained signifi-
cant resources for investments less
than five years prior. The physical
distribution of this infrastructureis
aligned with the regions of the
greatest economic dynamism in the
country: 57% in the Southeast and
23% in the South. The physical ar-
ea of these units in these two main
economic regions totals 87% of the
total physical area of the infrastruc-
ture involved in the survey.

Infrastructure is concentrated
in the areas of engineering and
exact and earth sciences, which

account for 57% of the laborato-
ries and other research centres in
the country. This data reflects the
mismatch between the training of
the scientific workforce and the
infrastructure available for scien-
tific and research activities. Only
25% of those enrolled and gradu-
ated in postgraduate studies come
from these areas. The infrastruc-
ture for health sciences, in turn,
represents only 6.87% of research
infrastructures — despite being the
most fertile area in the publication
of scientific articles in Brazil.

In general, coordinators of the
country’s available infrastructure
believe that the number of re-
searchers and their education are
still not adequate for the needs of
the country. On average, there are
only four researchers per labora-
tory. The number of external us-
ers served by such infrastructure

is also low, predominately serving
postgraduate students.

Despite the inadequacies and
inefficiencies, the investments have
produced increasing and consis-
tent results when observing the
metrics for evaluating scientific
production. Brazilian scientific
production changed between 1991
and 2013, moving from 0.7% of
international scientific production
to a percentage very close to 3%.
As of 2010, the number of articles
per million inhabitantsexceeded
the world average, which confirms
this observation (Figure 3).

This trajectory comes from the
increase in the number of publi-
cations in life sciences and bio-
medicine, physical sciences and
technology during the 1990s. The
number of articles in life sciences
and biomedicine increased in the
2000s (Figure 4).

Figure 3 | Number of articles per million inhabitants (Brazil and world) and participation in world scientific
production (Brazil) - 1991 to 2013
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Figure 4 | Participation in world scientific production, by field of knowledge of ISI / Web of Science - Brazil

(1991 to 2013)
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Despite the quantitative leap
in the number of Brazilian publi-
cations, their relevance seemed to
go in the opposite direction. Con-
sidering the set of articles pub-
lished, the citation ranking shows
that the country moved from 15th
place in 1991 to the 24th place in
2013. Restricting the evidence
only to articles on life sciences and
biomedicine — in which Brazil is
a worldwide success story — the
position in the citation ranking
moved from 12th to 21st between
1991 and 2013.

Zago (2011) warns that it is
necessary to change the manage-
ment standards of scientific and
technological production so that
there are new quantitative and
qualitative leaps. Optimizing in-
frastructure installed and fostering
networks with international vis-
ibility via incentives for the devel-
opment of new products and tech-

nological processes are decisive
actions.

Despite the positive balance in
infrastructure and scientific pro-
duction and the ambiguous result
in terms of quality of science, there
is yet another hurdle that under-
mines the scientific and techno-
logical development of the coun-
try. There is a growing concern
to expand the connections be-
tween scientific production and
the productive sector, but the past
few years have been seen a dis-
junction between these two play-
ers. On the one hand, the publi-
cation of Brazilian articles in in-
ternational magazines indexed to
the Institute for Scientific Infor-
mation (ISI) reached 250 articles
per million inhabitants, equivalent
to almost 3% of the world total.
On the other hand, the country’s
participation in the United States
Patent and Trademark Office

Physical sciences

mmm Technology
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(USPTO) patent concessions is
only 0.1% of the world total.
These figures show an undesir-
able mismatch between scientif-
ic production and technological
production which needs to be
solved.

In all these cases, public re-
search institutions were appar-
ently oriented to solve the prob-
lems relevant to a community of
users and/or designed for certain
sectors of activity from their very
beginning (Mazzoleni and Nel-
son, 2005). The existence of clear-
ly defined demands on the part
of the productive sector seems to
have contributed to these initia-
tives to surpass the “low degree
of induction” of the policies of
science, technology and innova-
tion (ST&I), as identified by Gui-
maries (2002; 2006).

One of the great differentials
of developed countries, such as
the United States, 1s that public
investment in R&D is aimed at
solving concrete problems of so-

ciety. In Brazil, the fosteringof
science servesan end in itself. A
good indicator for evaluating a
country’s public investments is to
measure the resourcesallocatedto
mission-oriented activities: when
applied by specific ministries, such
as Energy, Health and Defence,
resources tend to sustain R&D
activities related to specific prob-
lems. Resources allocated to hor-
izontal ministries such as Educa-
tion and Science and Technology
(S&T), in turn, tend to foster
more generic and diffuse results.

Most public R&D in Brazil is
not results-oriented. Only 30% of
the resources are invested in min-
istries with specific missions, a
percentage that reaches 90% in the
North American case (Figure 5).

Brazilian science can also pro-
mote innovations of greater tech-
nological content in the market,
based on adjustments in the busi-
ness environment of Brazil. In
order to do so, it is important to
change the agenda to build a

Figure 5 | Distribution of federal public investment in R&D, Brazil and the United States - 2015
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17.5 Energia (DoE) 10.4
10.1 NASA 8.3
13 Fundacao Nacional de Ciéncias (NSF) 43
12 Agricultura (USDA) 1.8
1.2 Outros 54

Source: De Negri; Rauen, Squeff (2017).

friendlier atmosphere for compa-
nies and scientists by identifying
the main rules and regulations
that need improvement. It is nec-
essary to consider legislation and
to investigate the function of in-
stitutions, identifying changes
needed to reduce bureaucracy,
eliminate legal insecurity and en-
sure differentiated treatment for
S&T activities. In areas such as
life sciences, the Biodiversity Law
must be monitored and frequent-
ly updated; in the same way, the
implementation and regulation
of the national S&T Law must be
updated regularly.

Technological innovation
in companies

In the last twenty years, Brazil
had a set of active industrial pub-
lic policies. In the context of the
Industrial, Technological and For-
eign Trade Policy (PITCE)
launched in 2003, the Innovation
Law and the Lei do Bem (Law
11,196/05) were approved, rep-
resenting the first steps to mod-
ernize the legal framework for
Brazilian technological innova-
tion. After the PITCE, two new
industrial policies were issued:
Productive Development Policy
(PDP) in 2008 and the Greater
Brazil Plan (PBM) in 2010. In
addition, the Investment Support
Plan (PSI) was created in 20009,
and the main technological in-
novation initiative in the coun-
try’s history was launched in 2013:
the Inova Empresa Plan.

Even though the new instru-
ments originated from the Inno-
vation Law and the Lei do Bem
and greater resources were allo-
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cated to the Sectorial Funds (cre-
ated in 1998), the main agent of
state investment in innovation was
FINEP, which supported over a
thousand companies between 1998
and 2012. BNDES also imple-
mented actions and programs to
support innovation.

Currently, the country has
many instruments to promote
technological innovation, the same
as those offered by most developed
countries: subsidized credit, tax
incentives, subvention for compa-
nies, subsidies for research projects
in universities and ICTs, among
others. Figure 6 summarizes the
main public interventions to stim-
ulate technological innovation in
the country.

These are the main sources of
support for innovation and R&D
in Brazil, regardless of their ori-

gin. However, they are initiatives
only on the supply and/or produc-
tion side. Many of the resources
are strictly public funding; where-
as others are not budgetary re-
sources, coming from parafiscal
funds or other sources. The table
shows neither indirect, implicit or
explicit subsidies — such as the in-
terest rate equalization or the dif-
ferential in the cost of fundraising
— nor the fee charged by the final
agent for operational programs
from FINEP and BNDES.
According to the statistics of
the Research of Technological
Innovation (PINTEC) of the Bra-
zilian Institute of Geography and
Statistics (IBGE) for the year 2014,
companies that declared having
received some public support to
innovate grew from 19% to more
than 40% between 2003 and 2014.

This result already includes the
first signs of the policies imple-
mented by Inova Empresa. Nev-
ertheless, most public support for
corporate iInnovation was associ-
ated with financing the purchase
of machinery and equipment. Ac-
cording to the innovation concept
of the Oslo Manual, the acquisi-
tion of more modern and sophis-
ticated production machinery, re-
placing outdated ones, constitutes
process innovation. About 75%
of companies that received public
support to innovate have updated
processes. Considering the public
contributions focused specifical-
ly on innovation, in the strict
sense, the number of beneficiaries
has also increased, although in a
much smaller proportion. In this
case, according to PINTEC data,
the number of companies in-

Figure 6 | Key federal policy or instruments to support technology and productive innovation in Brazil, 2015

(or latest available year)

Policies

Tax exemption )

Subsidized credit for innovation
(disbursements)

Mandatory R&D of requlated sectors

Instruments

Law of Informatics (Laws n. 8,248/1991, n.
10,176/2001 and Law n. 11,077/04)

Lei do Bem (Law n. 11.196 / 2005)

Business expenses in R&D (Law n. 4,506 /
64 and Decree n. 756/69)

RD&! in the automotive sector (Law n. 12,715
/ 12 and Decree n. 7,819 / 12)

Other exemptions @
Operated by FINEP
Operated by BNDES ©
P&D ANEEL
P&D ANP

Amounts in reais in 2015
5.020.550.362
1.826.446.366

1.317.415.079

646.081.930

818.355.571
2.603.000.000
4.501.000.000
395.200,00 @
1.030.956.397

(1) Estimates made by the Federal Revenue Service of Brazil. Available at: https://idg.receita.fazenda.gov.br/dados/receitadata/renuncia-fiscal /demonstrativos-dos-
gastos-tributarios/dgt-versao-para-republicacao_02-06-2016.pdf. Accessed on:23/11/2016. (2) Non-profit scientific organizations, machinery and equipment - CNPQ,
PADIS, PATVD, scientific research - AFRMM and IT and TIC. (3) Excluding the amounts transferred to FINEP. (4) 2012 data extracted from CGEE (2015).

Source: De Negri; Rauen; Squeff (2017).
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creased from 4.6% in 2003 to
8.6% in 2014.

The investment using com-

pany resources or from institu-
tions that foster innovation and
private productive technology is
not very encouraging. Data show
that business investment in R&D
had decreased in PINTEC in 2011
when compared to PINTEC 2008
(the former covering the years
following the international eco-
nomic crisis that broke out in
2008), then showing a slight re-
covery in PINTEC 2014 com-
pared to 2008. However, this in-
formation must be relativized,
since the last edition of PINTEC
was influenced by an outlier:an
investment shock in the telecom-
munications sector for the expan-
sion of the 4G network, due to
the matches of the World Cup
held in Brazil. If it were not for
this event, estimates by De Negri,
Zucoloto, Squeff and Rauen
(2016) indicate that by 2014 in-
vestment in R&D would have

been only 0.54% of GDP, which
represents a drop from the 0.59%
registered in 2011.

The persistence modest level
of the R&D investment is par-
tially justified by the continuing
decline in industry’s share of GDP
and the lack of a burgeoning,
technologically-intensive service
sector (industry still accounts for
around 80% of investment in
R&D in the country). Another
explanatory factor is the compo-
sition of the Brazilian export tar-
iff, which over the years has shift-
ed from a structure of greater
technological intensity to one of
lesser intensity.

Most of the innovations intro-
duced by Brazilian businesses in-
volve the commercialization of
existing technologies, regardless
of how new to the firm or to the
domestic market. In the Brazilian
market, there is little competition
and goods are standardized.
Therefore, innovations do not
strongly explore the potentials of

product differentiation to gain
margins and market share. Com-
panies seek to increase their mar-
gins through efforts to reduce
costs through process innovation.
In Brazil, process innovations are
more frequent than product in-
novations.

Although about 20% of com-
panies present product introduc-
tion and approximately 30% pres-
ent process innovation, this type
of innovation is predominantly
for the firm, not necessarily rep-
resenting anything new for the
domestic or global market. When
analysing the innovation numbers
for the domestic market, this per-
centage drops to about 10% of all
innovative companies, represent-
ing less than 5% of the industrial
and service companies investi-
gated by PINTEC.

Even when considering cor-
porate innovation, the introduc-
tion of new products and process-
es does not necessarily represent
significant improvements. Fol-
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lowing the guidelines of the Oslo
Manual, the concept of innovation
used by PINTEC is extensive, in-
cluding the introduction of state-
of-the-art machines and equip-
ment into the production system.
Thus, if a company modernizes
its manufacturing plant, this effort
is considered as process innova-
tion, even if the production of the
same goods is maintained, using
the same type of inputs.

The innovation rates of the
companies surveyed by PINTEC
have not made great advances, rang-
ing from 31% to 36% over the whole
period under review — except when
it reached the mark of almost 39%
in 2008. In the 2006-2008 period
that preceded the international cri-
sis, economic activity in Brazil
reached accelerated growth with
an average rate of over 4% per year.
However, the innovation rate de-

creased from 38.61% to 35.99%
between the 2008 edition and the
most recent edition of PINTEC.
When considering only industry
data, the extent of the decline was
slightly lower: from 38.1% between
2006-2008 to 36.4% between
2012-2014.

Moreover, the Brazilian com-
panies that invest the most in the
intangibles of innovation and tech-
nological improvement do so at
levels much lower than those of
their counterparts in developed
countries. Spending on intangible
assets of Brazilian firms stood at
around 4% between 2000 and
2008, much lower than that of
countries like Japan, United King-
dom and United States, while sim-
ilar to that of countries like Italy
and Spain. The differential between
Brazilian and North American
firms’ investment in intangible as-

sets 1s in skills such as R&D, cor-
porate governance and brand value.
American firms spend up to ten
times more on governance, three
times as much on brand value and
four times as much on R&D. Ac-
cording to Dutz et al. (2012), the
differential with the economies of
the Organization for Economic
Cooperation and Development
(OECD) is also significant for oth-
er types of non-technological in-
novation assets, particularly ex-
penses on architectural and engi-
neering design.

R&D investment grows in Bra-
zil at lower rates than in advanced
countries, and at a slower pace than
the global average. However, it has
been undergoing a process of ex-
pansion in recent years, the analy-
sis of which requires some caution.
Although the aggregate basis of
expenditure has risen moderately,

Figura 7 | Research and developement investment as a percentage of GDP - Brazilcompared to OECD and world
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the expansion of the index cannot
be fully attributed to an accelera-
tion of increased expenditures on
innovation, since GDP has re-
mained stagnant or declining.

In nominal values, R&D spend-
ing in Brazil has consistently in-
creased. When compared to cor-
porate revenues, these expenses
have also shown significant expan-
sion, increasing by 36.59% in the
period 2000-2014 and rising from
0.75% to 1.03% in the net revenues
of companies. However, this ratio
is decreasing when considering the
total expenditures on innovation.
Expenditures on other activities of
this type, not directly applied to
R&D, fell from 3.09% to 1.46% of
company revenues between 2000
and 2014. As a result, total expen-
ditures on innovative activities (in-
cluding internal and external
R&D) in relation to the net rev-
enue of companies fell from 3.84%
to 2.49% in the fourteen years cov-
ered by PINTEC.

To gain long-term competi-
tiveness, companies need to de-
velop capacity to generate cutting-
edge technological innovation.
Adopting existing knowledge is
not enough to produce consistent
productivity gains. Both the in-
corporation of technology devel-
oped by others and the generation
ofin-house, state-of-the-art tech-
nology require a certain degree of
human capital development, as
well as infrastructure and accu-
mulated learning — which greatly
depends on the results from sys-
tematic processes of innovation
and R&D activities.

Although Brazil has increased
the level of spending on R&D ac-
tivities in recent years, we are still

far behind countries at the edge of’
technology. We have been over-
taken by countries that were re-
cently at lower or equivalent levels
of development in the twentieth
century. This increase in R&D
spending was mainly due to the
expansion of public expenditures,
including resources for universi-
ties; public research and technol-
ogy institutes; human capital edu-
cation; and research infrastructure.
As a result, the rate of researchers
engaged in R&D has been grow-
ing, although apparently at a fast-
er pace than that of the growth
rate of expenditures on innovative
activities.

In terms of private entrepre-
neurial investment in R&D, Bra-
zil is far behind the average of
the more developed countries. In
this group, the proportion of pri-
vate investment in total R&D
spending was around 70% in
2014. Meanwhile, the same pro-
portion was around 40% in Bra-
zil, down from 44% in 2000.
Therefore, a large part of the ex-
pansion in resources for R&D
and innovation observed in Bra-
zil has been due to the public in-
vestments of recent years.

Reflections on the
innovation environment

The country has made increasing
efforts in favour of innovation, but
the results have not been propor-
tional to the stimuli. Some strate-
gies have been successful, espe-
cially in sectors such as agriculture
— benefitting from strong incen-
tives and public resources to de-
velop technology —and in the stra-
tegic industries of aeronautics and

renewable energy. Furthermore,
there have been considerable im-
provements in training and devel-
opment of human resources in
S&T. Despite these experiences,
the Brazilian private sector still
does not fit properly into a sys-
tematic process of innovation and
technological transformation. The
R&D intensity and rate of tech-
nology adoptionof Brazilian com-
panies are still far below the levels
considered satisfactory in the con-
temporary global environment.
In recent years, public support
for ST&I has grown. However,
public investment in S&T in Bra-
zil, especially in universities and
other public entities, is up to eight
times greater than the resources
destined for innovation in private
companies. Even so, little advan-
tage has been taken from the tech-
nology developed by public enti-
ties — unlike South Korea, where
the process from the outset was
based on a system of long-term
movement from public to private
responsibility. The system of over-
lapping and interconnected agents
and the private sector is fragile.
Accompanying these charac-
teristics related of the ST&I system
in the country, there are also ex-
ogenous aspects related to regula-
tory and management issues.
Among all the impediments to the
development of the national ST&I
system, five deserve special atten-
tion: (i) regulation and business
environment; (ii) public scientif-
ic research and collaboration with
R&D in the private sector; (iii)
effectiveness of innovation per-
formed by firms; (iv) coordination
of public policies; (v) evaluation
and review of public policies. m
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Notes

1. NATIONAL INSTITUTE OF STUDIES AND EDUCA-
TIONAL RESEARCH ANISIO TEIXEIRA. Synopsis
Statistics of Basic Education 2016. Brasilia: Inep, 2017. Avail-
able at: <http://portal.inep.gov.br/sinopses-estatisticas-da-
educacao-basica>. Accessed on: 05/10/2018.

2. Brazil took the 67th position in the ranking with 72 coun-
tries participating in the PISA 2015 edition.

3. According to OECD Data, in 2013 Brazil spent 4.1% of
GDP on education and its ranking in PISA 2015 in math-
ematics was 67th, while Mexico (3.9%), Poland (3.4%),
Chile (3.1%), spent less than Brazil on education as a pro-
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Advancements in the last decades and

In science, technology and innovation systems of developed nations,
governments define strateqy and policy; academia shapes human
resources and generates knowledge; and firms conduct intensive
technological innovation, creating new products and new processes.
Throughout history, Brazil has been a late-comer, but already has a great
deal of experiences in S,7& | policies: it has the largest and most qualified
scientific and technological community in Latin America, with more than
120,000 researchers with doctorates. Brazil succeeds in important areas.

We simply cannot go back. #
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Pernambuco. PhD from the Massachusetts Institute

of Technology. Secretary of Science, Technology and
Environment of Pernambuco in 1995-1998, under

the government of Miguel Arraes, and Minister of
Science and Technology from 2005 to 2010, under the
government of Luiz Indcio Lula da Silva.
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Science and technology:
engines of prosperity

In these times when the United States, backed
by its military power and economic wealth,
imposes its warlike and commercial whims on
the world, Brazil has hardly any voice in the
international scenario. The clear difference in
the prosperity of the two nations leads us to
the question: why have these two countries
of comparable territorial size and natural re-
sources, discovered and colonized by Europe-
ans during the same period, reached the third
millennium with such a discrepancy between
their wealth and living conditions?

The reasons are many. One of the most
important is the American ability to produce
science and master sophisticated technologies
— something that Americans possess and we
do not. Although a considerable part of our
society knows this, people do not quite un-
derstand just how significant this fact is. Pol-
iticians, entrepreneurs and economists in gen-
eral think of technology as something that can
be bought, believing our problem is funda-
mentally economic. There is a widespread
perception that research and innovation are
not within our reach, believing that with ad-

equate public policies the country can devel-
op economically and then buy the technology
it wishes. It 1s a naive idea: technology is the
application of knowledge and, thus, closely
inked to science.

ericans have a formidable mastery of
hnologies, having invested in ed-
eloping science a long time
when science seemed re-
njamin Franklin was
iments in electricity

A hundred years later, the United States
was already an independent and sovereign fed-
erative republic with a rapid process of indus-
trialization. North American scientists pio-
neered experiments and disputed with Euro-
peans in making great discoveries. In the
second half of the nineteenth century, they
contributed greatly to the development of
electromagnetism, which resulted in the in-
vention of the power generator and the elec-
tric engine, responsible for the use of electric
energy in lighting and innumerable domestic
and industrial applications, revolutionizing the
habits of mankind.

They also invented the telegraph, the tele-
phone and the radio, artefacts that revolution-
ized communications. Then came the first
great entrepreneurs in technology: Alexander
Graham Bell, inventor of the telephone, cre-
ated a company to exploit it commercially,
which then became AT&T. Thomas Edison
invented the electric lamp, the charcoal mi-
crophone for telephones and the gramophone,
among others, creating the Edison Electric
Company, which later became General Elec-
tric (GE). Bell and Edison were not scientists,
but they knew that without science and tech-
nological innovation their companies could
not compete and win markets. That is why
AT&T and GE created research centres and
hired the first PhDs graduated from Harvard,
MIT, Yale, etc.

To consolidate their technological domi-
nance, however, more science was lacking.
That was when the United States opened the
door for scientists, such as Albert Einstein and
many others who were fleeing the dangers of
wars in Europe. Their work was essential in
giving a major boost to the local science and
technology system (S&T) and to create mass
training programs for researchers through
master’s and doctoral programs.

After World War II, a number of North
American companies created R&D centres,
extended the hiring of researchers in the “ex-
ct sciences” and engineering fields, and ex-
ding their capacity to innovate and launch
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new products in the market. At
the same time, the federal govern-
ment expanded the S&T policies
and created several federal research
institutes in strategic areas, along
with various funding agencies. The
most important ones were the Na-
tional Science Foundation, the Na-
tional Institutes of Health and
agencies in the Department of De-
fence and the Department of En-
ergy. These agencies have greatly
expanded funding for research at
universities, institutes and also for
business, generally through de-
fence, energy and health product
development contracts. It was thus
that United States dominated post-
war S&T and attracted researchers
from all over the world — mainly
from Europe, Japan and Taiwan
— to its universities, institutes and
companies.

Defeated in the war, Germa-
ny and Japan began to prioritize
S&T in the process of rebuilding
their industries. And they were
able to recover within a few years.
Japan’s progress contaminated oth-
er Asian countries. By the end of
the 20t century, South Korea was
already an industrial power. Fig-
ure 1 illustrates the correlation
between economic development
and scientific and technological
development. The eight richest
countries in the world, according
to the gross domestic product
(GDP) measured by the Interna-
tional Monetary Fund (IMF) in
2015, are the same eight countries
with the highest number of S&T
publications, according to the
Scimago database.

It is incorrect to think that

these countries invest in science

Figure 1 | Correlation between economic development and scientific development

Gross domestic product (GDP) of the eight
richest countries (IMF 2015).
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because they are rich. The evi-
dence is clear in pointing out that,
as Oswaldo Cruz had said in 1900,
that it is necessary to “meditate
on whether only strong nations
can do science or if it is the sci-
ence that makes them strong.”
Orr, as physicist Michio Kaku re-
cently said: “Science is the en-
gine of prosperity.” The most
notable recent example is that of
China, which in 2002 had a GDP
of about US§ 1 trillion, the sev-
enth in the world. In the last three
decades it has incorporated S&T
into its development programs
and established a state policy for
the sector, expanding programs
and resources, even among gov-
ernment changes. Today, it is the
second richest country in the
world and the second largest pro-
ducer of science.

Number of scientific publications of the eight countries that
publish the most frequently (Scimago 2015).
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Figure 2 | Picture of a national system of science, technology and innovation (SNC, T&l).

RH Education
Basic and applied
research

Publications
Knowledge

What characterizes the eight
countries of Figure 1, as well as
many other industrialized coun-
tries, is a knowledge-based econ-
omy, for which it is essential to
have a National Science, Technol-
ogy and Innovation System (NS-
TIS). As it appears in Figure 2, a
NST&I is basically formed by gov-
ernment, universities and compa-
nies. The role of government is
crucial: it defines the policies and
strategies of ST&I, articulating it
together with other public policies
—especially industrial policy. Uni-
versities have the essential role of
forming human resources, gener-
ating knowledge to extend the
frontiers of science, and producing
new technologies. It is in compa-
nies that there is a more intensive
effort for the technological inno-
vation that generates new prod-
ucts, processes and services — or

that incrementally improves ex-
isting ones —in order to make them
competitive and win markets. In
industrialized countries, govern-
ments account for at least 50% of
R&D funding for universities and
specialized centres, which are gen-
erally public.

Historical notes and late
start of S&T in Brazil

The history of the education of
politicians and businessmen in our
country is very different from that
of the United States. In Franklin’s
time, Brazil was governed by mil-
itary governors, or viceroys, who
took turns in power, protecting
their personal interests and keep-
ing the colony submissive. Our
Portuguese colonizers did not al-
low the existence of typographies
to print pamphlets, newspapers or

Innovation
R&D

New products
Patents

books, essential vehicles for edu-
cation and the diffusion of ideas.
A hundred years later, there was
still a slave-owning monarchy. The
businessmen were sugarcane mill-
ers, coffee barons and cocoa farm-
ers who dominated politics, pro-
tecting the interests of the elite
and working in line with the hold-
ers of the international capital. Our
independence was not conquered,
but consented out of convenience
by the rulers. Always restrained
by external interests, Brazil has
thereby developed with social in-
justice and without company pro-
duction based on education, sci-
ence and technology. We became
specialists in producing simple
products and exporting raw ma-
terials. Until the twentieth cen-
tury, we had neither universities
nor a broad system of basic edu-
cation or national industries.
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The first courses of Law and Medicine were on-
ly created after the arrival of the Portuguese royal
family in Brazil in 1808. However, it was only 298
years after the founding of Harvard University that
our first true university — the University of Sio Pau-
lo — was founded in 1934. Until the 1960s, only a
very small portion of the population had access to
college education. With rare exceptions, college and
school teachers pursued professional activities in oth-
er areas. Among other reasons, nor were they re-
searchers, because there was no full-times job at
universities. There were no postgraduate programs;
neither were there any engineers or specialists in
basic industry sectors. Our industrial park was in-
cipient. There was no culture of innovation in the
companies.

The foundations for changing this scenario were
introduced in 1951 with the creation of the Na-
tional Research Council (CNPq) and the Coordi-
nation for the Improvement of College Education
Personnel (Capes), which began to grant scholar-
ships for postgraduate education abroad and to
support scientific activities in the small research
groups that were being created. The performance
of CNPq and Capes was fundamental to change
the S&T scenario in Brazil, which in the last de-
cades had four periods:

|. Construction and expansion of the National Sci-
ence, Technology and Innovation System (INS-
TIS), 1960-1994;

/. Crisis and transition to a new financing system,
1995-2003;

J. Implementation of a more consistent federal S&T
policy, 2003-2013;

4. Recent setbacks in the federal ST&I system.

The construction of financing
mechanisms in the period 1960-1994

The construction of the National Science and Tech-
nology System in Brazil took place during the 1960s
and 1980s. At that time, CNPq and the Finaciadora
de Estudos e Projetos (Finep) — the Brazilian Innova-
tion Agency — created in 1967 and manager of the
National Fund for Scientific Development and Tech-
nological Development (FNDCT) since 1971, im-

The greatest challenge

for the development of science
and technology in Brazil remains
the lack of policy from the

State. Governments change and,
with them, priorities change

- threatening the continuity of
even the most successful
programs.

plemented many forms of financial support that be-
came well-known in the scientific and technologi-
cal community.

According to the terms of its grant program,
the CNPq conceded scholarships individually re-
quested by candidates in the form of spontaneous
demand, with deadlines established in an annual
calendar that varied little in those decades. The
main types of grants were: scientific initiation for
undergraduate students; masters and doctorate, for
postgraduate students; and research, for researchers
from universities and research institutions (as an
addition to salaries). The aid mainly involved the
development of projects, the holding of events (con-
gresses, conferences) and trips abroad, both for ed-
ucational programs and internships, as well as for
participation in events.

Finep provided non-refundable funding to re-
search centres and academic institutes or departments
by establishing covenants with a usual duration of
two years, signed with host institutions or founda-
tions representing them. Such institutional support,
as it was known, provided funds for remodelling and
refurbishment, acquisition of equipment, permanent
and consumable materials, and other costs of research
activities, including the payment of personnel. There
was no fixed timetable: the candidate institution
could submit a letter of consultation at any time;
once approved, it enabled formalising the financing
proposal. This type of institutional financial support
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provided the creation or consoli-
dation of hundreds of research and
graduate units during the 1970s
and 1980s.

Finep’s programs included in-
stitutions which acted in all areas
of knowledge. But those most ben-
efited by the resources of the
FNDCT were the traditional ar-
eas, such as physical and mathe-
matical sciences, biological scienc-
es and engineering. In addition,
institutional financial contribu-
tions were channelled to the Co-
ordination of Graduate Programs
in Engineering of the Federal Uni-
versity of Rio de Janeiro (Coppe/
UFR]J) and to the Scientific Tech-
nical Center of the Pontifical
Catholic University of Rio de Ja-
neiro (CTC/PUC-R]J) for more
than two decades. Since it was
created, Finep has also financed
engineering, development and in-
novation projects in companies
through credit operations, with
interest rates, grace periods and
amortization periods that were
very favourable if compared to the
market conditions (loans from
commercial banks).

Meanwhile, Capes devoted
most of its effort to support post-
graduate programs, mainly by
granting masters and doctoral
scholarships, and developed a com-
petent system of accreditation and
evaluation of postgraduate courses.

During the 1970s, the federal
government developed two Basic
Scientific and Technological De-
velopment Plans (PBDC'Ts), which
guided the S&T policy for the fol-
lowing three years. In addition to
offering budgets for the sector in
subsequent years, PBDCTs also
defined the programs for scientif-

ic and technological development
and education of human resourc-
es for research, priority sectoral
programs and strategies for their
implementation. However, regard-
ing S&T for industrial develop-
ment, the plans were vague, sim-
ilar to letters of intent, with little
connection to the industrial pol-
icy in force.

When it was created in 1985,
the Ministry of Science and Tech-
nology (MCT) absorbed Finep,
CNPq and its research units into
its structure. MCT was able to
partially regain FNDCT’s resourc-
es, which had been greatly reduced
compared to the higher levels of
the 1970s. The first MCT man-
agement achieved other important
advances, such as the increase in
the number of postgraduate schol-
arships at CNPq and the imple-
mentation of the Human Resourc-
es Training Program for Strategic
Areas (RHAE). With a greater
volume of resources, CNPq start-
ed granting postgraduate scholar-
ships and RHAE scholarships in
an institutional manner, approving
quotas for accredited institutions
in charge of selecting candidates.
Later, in the 1990s, also scholar-
ships for scientific initiation began
to be partly distributed by quotas,
in the Institutional Scholarship
Program of Scientific Initiation
(Pibic).

Difficulties in the full recov-
ery of FNDCT budgets led the
MCT to create a new financing
instrument, the Scientific and
Technological Development Sup-
port Program (PADCT), which
ran from 1985 to 1998, using
World Bank (IBRD) lending re-

sources and counterparts of the

National Treasury. The PADCT
introduced three new features in
the funding system of the MCT
agencies:

|, Prioritization of areas. Only a
few areas of knowledge were
eligible for funding: chemistry
and chemical engineering, bio-
technology, geosciences, new
materials, instrumentation, sci-
ence education, S&T manage-
ment and information, main-
tenance, special consumption
materials;

2. Selection by public notices. The
projects to be financed were
selected through public call no-
tices, prepared by the technical
committees of each area and
published at any time, with no
fixed calendar;

J. Multiple agencies. The pro-
gram was managed by an ex-
ecutive secretariat linked to
MCT, under the guidance of
a coordination committee, and
was executed by three agen-
cies, Finep and CNPq (linked
to MCT itself) and Capes
(linked to the Ministry of Ed-
ucation). The existence of
PADCT led to remarkable ad-
vances in some areas, notably
chemistry and biotechnology.

The late 1980s and early 1990s
were characterized by great insta-
bility in the federal government’s
S&T management framework.
MCT was extinguished and rec-
reated more than once. Despite
this and the irregularity of resourc-
es for scholarships and fostering
initiatives, the financing instru-
ments of Finep and CNPq were
kept in their essence.

PolitiKa



SqT policy

44

In 1995, under a new federal
administration, MCT had an ap-
parently consolidated set of financ-
ing instruments for the national
S&T system. CNPq provided main-
ly scientific initiation, masters, doc-
torate, postdoctoral, research and
RHAE scholarships, as well as
grants for research, events and tech-
nical-scientific trips. The number
of scholarships and stimulus budgets
grew, although modestly, for sev-
eral years, and the application sched-
ule was well established. Finep
maintained institutional funding
programs with FNDCT resources,
while PADCT funded research
projects in the strategic areas estab-
lished by MCT, selected through
public calls.

Crisis and transition to a
new policy of ST&l in the
period 1995-2002

The scenario was substantially
changed in the following years.
At CNPq, the number of scholar-
ships began to decline annually
from 1995 onwards, while the re-
search aid program was interrupt-
edin 1997. In the same year, Finep
terminated the institutional agree-
ments in force, due to the drastic
reduction of the FNDCT resourc-
es. In 1999, the PADCT, which
was already in its third version,
was deactivated, despite an open
balance of credit with the resourc-
es of the World Bank.

The discontinuity of Finep’s
institutional support programs was
caused by the so-called “deple-
tion” of the FNDCT. This did not
cause major reactions in the sci-
entific community, basically for
three reasons:

|. With the significant growth
of the S&T system and the lim-
itation of resources for institu-
tional support, most institu-
tions were not included in
Finep’s programs;

/. The institutional contribu-
tions, mainly in the large in-
stitutions, included less quali-
fied research groups, which
benefited from participation
in institutional projects along
with more qualified and more
prestigious groups;

3. During the 1980s and 1990s,
other sources of federal and
state resources were created to
meet the basic maintenance
needs of postgraduate pro-
grams and research groups.
This occurred in a remarkable
way in S3o Paulo, which con-
centrated around 50% of the
country’s researchers. The
Foundation for Research Sup-
port of the State of Sio Paulo
(Fapesp) had significant re-
sources to foster research.

The reduction of FNDCT re-
sources and research support at
CNPq, as well as the discontinu-
ation of PADCT microeconomic
policy decisions led to a great dis-
continuity in federal S&T policy.
This was due to the growing eco-
nomic difficulties and the low im-
portance attributed to the S&T
sector by the main federal author-
ities of the economic area. An-
other factor of influence was the
lack of more concrete evidence of
the results of science and technol-
ogy to increase the country’s
wealth and development. This last
reason was due to the lack of in-
vestment from the business sector

in R&D activities, the absence of
industrial policies that could fa-
vour a culture of innovation in the
companies, as well as the distance
of the academic community from
the productive sector.

The period 1995-2002 may be
characterized as a transition pe-
riod: on one hand, economic con-
tingencies led MCT to discontin-
ue traditional financing programs;
on the other hand, the ministry
laid the groundwork for the pro-
cess of reconstruction of the S&T
policy. This required the creation
of new financing modalities and
formats, and especially new mech-
anisms to ensure more stable sourc-
es of resources for the sector.

The modality of financial sup-
port for research projects sponta-
neously submitted to CNPq by
group leaders, in an annual calen-
dar, was replaced by three pro-
grams, implemented during the
period of 1996-2000. The first
one was the Nucleus of Excellence
Support Program (Pronex), de-
signed on the assumption that the
resources for research were frag-
mented. It was intended to pro-
vide continued financial support
only to highly competent research
groups that had leadership and cen-
tral role in their areas of expertise.
Through three annual public calls-
for-proposal in a national compe-
tition — published in 1996, 1997
and 1998 —a total of 206 nuclei of
excellence were selected. At the
time, the number of research
groups registered in the CNPq
Group Directory was about 10,000.!
In addition to supporting only a
small number of groups, Pronex
promoted a considerable regional
concentration, since 74% of the
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Advancements in the last decades and challenges for the future

We achieved significant
results between 2003

and 2013: there were 87
priority programs with
clear, institutionally-defined
objectives and quaranteed
budgets.

contemplated nuclei were located in the South-
cast region; 17% in the South region; and on-
ly 9% in the North, Northeast and Central
‘West regions.

It should also be noted that only academ-
ic groups benefited, leaving the technology
institutes out of Pronex. Initially executed by
Finep, the program was transferred to CNPq
in 2000, when it had already lost its priority
among MCT programs. As of that year, de-
lays in the release of resources began, which
forced CNPq to extend the execution times
of the projects. Most of them had their dura-
tion changed from three to five years, with-
out allocation of additional funds. Between
1999 and 2002 there were no other Pronex
public calls.

The interpretation given at the time for
Pronex’s loss of priority was that it did not
prevent the “dispersion” of resources for stim-
ulus programs that took place in the research
aid programs: 206 was considered an exces-
sive number of centres of excellence in the
country. This was one of the reasons for the
virtual replacement of Pronex by the program
Institutos do Milénio. In the year 2000 a public
call was launched to select proposals for the
new category of institutes, characterized as
virtual networks of institutions, coordinated
by a parent institution. The new program was
financed with the credit balance of World
Bank resources for the PADCT, with a coun-
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terpart from the National Treas-
ury. From the 217 proposals sub-
mitted, only seventeen were se-
lected, once more with a great
regional concentration: fourteen
proposals were from the South-
east region, two from the North-
east region and only one from the
South region.

The negative reaction of the
scientific community to the ef-
fect of the concentration promot-
ed by Pronex and the Institutos do
Milénio program led the CNPq to
launch in 2000 a universal an-
nouncement to select projects pre-
sented by leaders of research
groups, competing for financing
in three categories of limit values.

The most important advance
in the S&T sector in the late 1990s
was undoubtedly the advent of
funding for the science and tech-
nology sectors. Created as of 1999,
the sectorial funds — closely fol-
lowing the Petroleum and Natu-
ral Gas Fund that had been estab-
lished by law in the previous year
— were soon seen as a way of en-
suring more stable sources of S&T
resources. MCT drafted several
other legislative proposals that
defined revenues for new funds,
from taxes on the results from
exploitation of natural resources
belonging to the Federal Govern-
ment to the industrialized prod-
ucts tax (IPI) on certain sectors
and the tax for intervention in the
economic domain (Cide), levied
on the values that remunerate the
use or acquisition of technologi-
cal knowledge and the transfer of
technology from abroad. During
the course of the projects, there
was a great mobilization of the
scientific societies in the Nation-

al Congress that contributed to
the approval of the laws in rela-
tively short periods.

The management model de-
signed for sectorial funds was
based on the existence of manag-
ing committees, one for each
fund. Each committee was chaired
by a representative of the MCT
and composed of representatives
from related ministries, regula-
tory agencies, academic and busi-
ness sectors, as well as MCT agen-
cies (Finep and CNPq). The man-
aging committees have the legal
prerogative to define the guide-
lines, actions and investment plans
of the sectoral funds. Although
this model allowed for the par-
ticipation of broad sectors of so-
ciety in the decisions on the ap-
plication of resources, it resulted
in poorly integrated management.
From the fourteen existing funds
in 2002, twelve were sectoral and
only two were transversal (Infra-
structure Fund and Green-Yellow
Fund).? Therefore, FNDCT’s
re-composition through sectoral
funds made it difficult to imple-
ment a comprehensive S&T pol-
icy, since several important sectors
of the economy, as well as the ar-
eas of basic research, continued
to have meagre resources.

Another important initiative
of the MCT 1in the period 1999-
2002 was the holding of the II
National Conference of ST&Pin
September 2001. It was preceded
by the elaboration of the so-called
ST&I Green Book, with infor-
mation, analyses, diagnoses and
challenges of the sector, based on
the results of a broad debate co-
ordinated by the MCT on the role
of knowledge and innovation in

accelerating the country’s social
and economic development. In
addition to publishing the papers
presented, the Conference also
published the so-called S&T
White Book, containing the chal-
lenges for the consolidation of the
national S&T system and a set of
objectives, guidelines and instru-
ments for a national S&T policy.

2003-2013 period:
implementation of
more consistent S,T&l
federal policies

In 2003, the government of Pres-
ident Luiz Inicio Lula da Silva
began two initiatives that have
greatly changed the S&T scenar-
io in Brazil: it defined a national
ST&I policy in 2004 and launched
the S&T (Pacti) in 2007. The Pac-
ti had four strategic priorities,
guided by the national policy of
S, T&I:

|. Expansion and consolidation
of the national science, tech-
nology and innovation system;

/. Promotion of the technolog-
ical innovation in the compa-
nies;

J. Research, development and
innovation in strategic areas;

A. Science, technology and in-
novation for social develop-

ment.

These priorities comprised 87
programs, all of them with clear
objectives, institutions, targets and
budgets. In 2011, at the beginning
of Dilma Roussef’s government,
the national science, technology
and innovation strategy (Encti)
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was announced, basically with the
same priorities of Pacti, but with-
out concrete goals and budgets.

In all four priorities, the results
achieved were significant. The
first one had the following main
results:

Great expansion of resources
and financing modalities for
scientific and technological re-
search, with good geographic
distribution;

Considerable increase in the
number of scholarships and re-
search grants from CNPq and
Capes;

Expansion of actions and ini-
tiatives of international coop-
eration in S&T;

Strong increase in the articu-
lation between the federal gov-
ernment and the states, which
contributed to consolidate the
national system of ST&I;
Completion of the high-speed
Internet connection of all uni-
versities, technical schools and
research institutions of the
country through the new Na-
tional Research Network
(RNP).

One of the important results
within PACTT’s priority 1 was the
considerable increase in the num-
ber of CNPq and Capes scholar-
ships for students, from scientific
initiation to post-graduation, as
well as for research. The number

of scholarships of the two agencies
grew from around 80,000 in 2001
to around 200,000 in 2013. In that
year, around 30,000 scholarships
were related to the Science With-
out Borders program, created in
2011, with the aim of increasing
exchanges with other countries.

The increase in the number of
scholarships led to an expressive
growth in the education of post-
graduate human resources, with a
master and doctorate degree, as
shown in Figure 3. It is notewor-
thy that the number of masters and
doctors graduated per year was
multiplied five times within nine-
teen years.

In the second half of the 2000s,
CNPq started to have public no-

Figure 3 | Evolution in the number of master’s and doctorate degrees granted annually in Brazil from 1996 to 2014
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tices in programs to support proj-
ects in a wide range of research.
The universal announcement,
launched annually, was CNPq’s
largest initiative to support re-
search projects of individuals and
groups. Proposals can be submit-
ted from any area of knowledge.
At that time, the value of the uni-
versal announcement was substan-
tially increased with funds from
the FNDCT. CNPq also launched
a wide range of calls for proposals
on specific themes in a wide range
of S&T areas, supported by re-
sources from sectoral funds as well
as from its own budget.

In the 1990s, an important in-
itiative created, reinvigorated and
expanded by CNPq is the Nucle-
us of Excellence Support Program
(Pronex), which supports research
centres formed by groups of rec-
ognized excellence and articulat-
ed in thematic networks. In 2008,
the program was expanded with
resources from FNDCT and im-
plemented in partnership with state
foundations for research support,
which also provided counterpart
resources and issued state-wide
public calls.

The largest program in the his-
tory of CNPq, created in 2008,
was the National Institutes of Sci-
ence and Technology (INCT5).
The Institutes of the Millennium
program, created in 2001, aimed
at forming research networks
throughout the country, promot-
ing scientific and technological
excellence and strengthening re-
search groups in any area of knowl-
edge, including areas defined as
strategic. For various reasons, the
Institutos do Milénio did not reach
importance and size as planned.

As aresult of Pacti, they gave way
to the INCTs, characterized by an
office in an excellence institution
in research and teaching, acting
in a thematic network with insti-
tutions in other regions of the na-
tional territory. The program, co-
ordinated by CNPq, was organ-
ized and co-financed with Finep
(FNDCT), the Ministry of Health,
Capes, BNDES, Petrobras and
There have been
advancements

in science in

many areas, but
technological
innovation in
Brazilian companies
is still shy: less

than 5% of our
researchers work

in-company.

State Research Support Founda-
tions of SAo Paulo, Rio de Janeiro,
Minas Gerais, Santa Catarina,
Pari, Amazonas, Piaui and Rio
Grande do Norte. The 2008 CN-
Pq public call selected 122 INCTs,
with resources of around R$ 609
million. The second public notice
for the selection of INCTs, ini-
tially scheduled for 2012, was pub-
lished in 2014. Only in 2015 the
process of selecting about two hun-
dred institutes, between new and
existing ones, was completed.

These INCTs bring together the
best research groups in frontier
areas of science and in strategic
areas for the country’s develop-
ment and are helping to make our
scientific and technological re-
search more competitive interna-
tionally.

The financing of research and
infrastructure projects was also
done by Finep with FNDCT re-
sources, primarily with selection
of proposals through FNDCT/
Sectoral Funds notices. While
CNPq transferred resources to in-
dividuals, with commitments
made through concession terms,
Finep financed institutions
through covenants. Among the
notices are those included in the
Infrastructure Modernization Pro-
gram (Proinfra) of INCTs, financed
with ST-Infra resources. It became
part of the calendar of universities
and research entities in the coun-
try, with a public call released in
December of each year to select
proposals in May-June. Since 2006
the Proinfra notices selected hun-
dreds of proposals for a major im-
provement and expansion of the
research facilities of universities
and public entities throughout the
country.

The actions of Pacti and Enc-
ti were decisive for the formida-
ble expansion of the scientific
community, which had been in-
significant in 1960, thereby sur-
passing 180,000 active research-
ers in 2014 (Figure 4), of which
more than 116,000 are PhDs.
However, it is worth mentioning
that our number of researchers
per capita is still low: around one
per thousand inhabitants, which
corresponds to half the propor-
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tion in the industrialized coun-
tries. Continuing to expand the
number of researchers will be one
of the country’s great challenges
in the next decade.

Despite the great advance of
science, technological innovation
among Brazilian companies is still
incipient. According to IBGE,

among the 70,000 existing indus-
trial companies in 2005, only 3%
had released a new product onto
the market. Less than 5% of Bra-
zilian researchers work in com-
panies. This situation is caused
by the lack of a culture of inno-
vation in the business environ-
ment, as well as the poor articu-

lation of the industrial and S&T
policies. Until 2005, the main
instrument to support innovation
in companies was Finep’s line of
credit with TJLP benchmark in-
terest plus 5%.

Promoting technological in-
novation in companies became the
main common priority of the Pro-

Figure 4 | Data on numbers of research groups and researchers in the directory of CNPq research groups (2014)

Number of groups

1995 2000 2004

Areas of Knowledge
Y% of research groups in 2014

Linguistics,
Literature
and Arts

Agricultural
Sciences 6.92
9.29
Hard
Sciences and | 9.86
Earth
Biological e
Sciences
13.2
Engineering

and IT Sciences

Total of researchers

35.424

2010 2014

1995

180.262

128.892

2000 2004 2010 2014

Researchers with PhD

Human
Sciences

Health
Sciences

Applied
Social
Sciences

1995

116.427

2000 2004 2010 2014

PolitiKa



SqT policy

50

Sergio Machado Rezende

ductive Development Policy, of
Pacti and Encti. The instruments
created from the Innovation Act,
approved in 2004, and the Lei do
Bem of 2005 provided a new sce-
nario for innovation in companies
with a wide range of instruments
to stimulate the creation of new
companies based on technology,
the so-called start-ups. The eco-
nomic subvention, provided for in
the Innovation Law, managed by
Finep, made it possible for non-
reimbursable resources to be grant-
ed to innovative companies
through three programs: Finep’s
national call, the Business Re-
search Support Program (Pappe)
and the First Innovative Compa-
ny Program (Prime), the last two
in partnership with the states.
National subsidy announce-
ments began to be released annu-

g
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ally from 2006 on, focusing on
different technological areas, with
priority being given to those sec-
tors most directly linked to the
PDP, such as biotechnology, nan-
otechnology, STI, digital TV,
pharmaceuticals and medicines,
renewable energy and aerospace.
Together with state partners, Pappe
provided financial resources to
small and medium-sized enter-
prises to develop innovation ac-
tivities in the important sectors to
promote local development. In
parallel, Prime, which started in
early 2009, conceded grants for
start-ups.

In addition to the non-reim-
bursable operations already men-
tioned, Finep started granting sup-
port to innovation in companies
through reimbursable operations,
such as: Incentive Program for In-

novation in Brazilian Companies
(Inova Brasil) and Juro Zero. Re-
placing the former Pré-Inovagio,
Inova Brasil is a low-cost financ-
ing for research, development and
innovation projects in Brazilian
companies, such as a support to
the PDP.

The National Program to Sup-
port Business Incubators and
Technology Parks (PNI), created
in 2004, was another important
initiative to promote technolog-
ical development and innovation
in the micro and small enterpris-
es, stimulating the implementa-
tion and consolidation of business
incubators and technology hubs.
Technology hubs, in turn, are
complex economic and techno-
logical parks that foster and pro-
mote synergies in scientific and
technological research and inno-
vation among companies and sci-
entific and technological institu-
tions, both public and private,
with strong institutional and fi-
nancial support from the federal,
state and municipal governments,
as well as from the local commu-
nity and the private sector. Final-
ly, to complete the range of R&D
support programs in companies,
there is the RHAE- In Company

The cuts in the
budgets of CAPq and
Capes have reduced
the number and
value of available
scholarships.




o)

Researcher Program, a CNPq
action to provide scholarships to
encourage researchers, masters
and doctorates to work in com-
panies.

To foster the university-com-
pany interaction, the federal gov-
ernment implemented the Bra-
zilian System of Technology (Si-
bratec), formed by three major
networks: innovation, techno-
logical services and technological
expansion. Sibratec (coordinated
by the MCT, but with the active
participation of several ministries
and federal entities, such as Finep,
BNDES and Inmetro) and Sebrae
selected more than a hundred
university-company cooperation
proposals through public calls.
In order to consolidate the pro-
cess initiated with Sibratec, the
government created the Brazilian
Industrial Research and Innova-
tion Company (Embrapii) in
2011, which has the mission of
accelerating the process of indus-
trial innovation, articulating na-
tional R&D among the compa-
nies, as inspired by the role of
Embrapa. There is still along way
to go in this sector, but it is true
that important steps have been
taken in the right direction and
there are clear signs that many
entrepreneurs have been gradu-
ally incorporating the concept of
innovation into their investment
agendas.

While Pacti’s priorities I and
II were cross-sectional, covering
all areas of knowledge and sectors
of the economy, priority I1I (Re-
search, Development and Inno-
vation in Strategic Areas) focused
on the development of thirteen
strategic areas:

1. Areas bearing the future:
biotechnology and
nanotechnology;

2. Information and communication
technologies (ICTs);

3. Health supplies;
4. Biofuels;

5. Electricity, hydrogen and
renewable energies;

6. 0il, gas and coal;
7. Agribusiness;

8. Biodiversity and natural
resources;

9. The Amazon and semi-arid
region;

10. Meteorology and climate
change;

11. Space program;

12. Nuclear program;

13. National defence and public
safety.

In the ST scope, the main re-
sult was the return to develop mi-
croelectronics. Strategic due to its
trans-versality in all industrial sec-
tors, microelectronics was prac-
tically abandoned in the S&T and
industrial policies of the 1990s.
The National Microelectronics
Program, implemented in 2003,
was consolidated with the expan-
sion of CI-Brasil, a program that
1s educating hundreds of integrat-
ed circuit designers in two train-
ing centres and eighteen centres
and design houses throughout the
country, and with the creation of
the state company, the National
Center for Advanced Electronic
Technology (Ceitec SA) in Porto
Alegre, linked to the MCT. Ceitec
was established in 2008, with in-

vestments of MCT over R$ 800
million (from 2017), to build, ac-
quire and install equipment for a
project centre and integrated cir-
cuits factory — the first of its kind
in South America.

Among the advances in the
field of biofuels is the deployment
of the Bioethanol Network and
the creation of the Center for Sci-
ence and Technology of Bioeth-
anol (CTBE) in 2010. It was in-
stalled on the campus of the Na-
tional Laboratory for Synchrotron
Light, currently National Center
for Energy Research and Materi-
als, with the objective of contrib-
uting to maintain the Brazilian
leadership in sustainable bioeth-
anol production of sugarcane. The
creation of the Brazilian Network
for Research on Climate Change,
instituted by MCT in 2007, should
also be highlighted, the objective
of which was generating and dis-
seminating knowledge and tech-
nology, so that Brazil can respond
to the demands and challenges
represented by the causes and ef-
fects of global climate change and
support Brazilian policies for pre-
vention, adaptation and mitiga-
tion.

In the results of Priority IV of
Pacti, the main highlights were
the National Science and Tech-
nology Week and the Brazilian
Mathematics Olympiad of the
Public Schools. The Week, held
since 2004, is the main initiative
for the popularization of science
and has had growing mobilization
throughout the country. During
the Week, usually on the second
or third week of October ecach
year, teaching and/or research en-
tities promote activities to dissem-
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Figure 5 | Historical evolution of FNDCT’s financial execution, in constant R$ million, adjusted by the average annual IPCA

RS billion
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UPDATING THE VALUES MADE BY THE AUTHOR FROM THE CURRENT VALUES AVAILABLE ON THE OFFICIAL WEBSITES. THE PEAK IN 2013 IS PARTLY DUE TO THE LARGE

INCREASE OF RESOURCES FOR REPAYABLE FINANCING.

inate science in its facilities or in
public spaces.

Another important and suc-
cessful program was the Brazilian
Mathematics Olympiad of Public
Schools (Obmep), created in 2005.
In that year Obmep had the par-
ticipation of around 10 million
students and the number of enrol-
ees has continuously been increas-
ing. Since 2010, Obmep has had
between 17 million and 19 million
students enrolled in schools locat-
ed in about 95% of the Brazilian
municipalities, becoming a great
program mobilizing the teaching
of mathematics. It already has an
impact on the improvement of
science teaching in public schools.

The notable growth of dis-
bursements by the National Fund
for Scientific and Technological
Development (FNDCT) contrib-
uted to the increase of federal re-

sources for STI in the period of
2003-2010, as shown in Figure 5.
This growth resulted not only
from increased revenues from sec-
torial funds, but also from Presi-
dent Lula’s decision to phase out
its contingency gradually, a mea-
sure that has been practiced by the
economic area since the creation
of the funds, and which did not
occurin 2010. Unfortunately, the
FNDCT restrictions returned in
the following years. As shown in
Figure 5, the amounts disbursed
in 2011 and 2012 decreased in re-
lation to 2010. The peak observed
in 2013 is somewhat artificial,
since about R$ 2 billion were al-
located to FNDCT for loans from
Finep to companies and not for
non-repayable financing, as in
other years.

The expansion of federal re-
sources for ST&I, combined with

the numerous state programs, stim-
ulated and made possible the grad-
ual increase of the government
investments; while legal measures
and initiatives aimed at encourag-
ing R&D and innovation activi-
ties in companies led to a substan-
tial increase in R&D expenditure
in research and development
(R&D) and innovation. As a re-
sult, national R&D expenditures,
combined with public (federal and
state) investments with those of
private companies, showed a steady
and substantial growth in the pe-
riod of 2003-2013. Expenditures
on R&D regarding the gross do-
mestic product (GDP), which were
historically low in Brazil, or less
than 1%, reached 1.24% in 2013.
However, this rate is still very low
when compared to industrialized
countries, which are in the range

of 3% to 5% of GDP.
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Recent setbacks in the
federal system

of ST&l and challenges
for the future

Despite the historical political,
economic and social difficulties,
Brazil has built the largest and most
qualified scientific and technolog-
ical community in Latin America,
with more than 120,000 research-
ers with doctorates in the last four
decades. National scientific and
technological competence has not
yet contributed more comprehen-
sively to our development, but
there are undeniable examples of
success when the S&T area had
resources and opportunities, with
continued support from the fed-
eral government.

The most remarkable are
Petrobras’ deep-water oil explo-
ration technology, which enabled
the country to achieve self-suffi-

ciency in oil; the design and man-
ufacture of modern aircrafts by
Embraer; the world leadership in
agribusiness research by Embrapa;
the domain of the complete cycle
of production of enriched urani-
um to feed nuclear power plants.
For the first time in the history of
our country, there is an adequate
“density of skills” in many areas
of science and technology that is
enough to contribute decisively
to the achievement of ambitious
development projects with domes-
tic knowledge.

This encouraging scenario that
has been built in the last four de-
cades 1s threatened by the recent
and huge setback in the federal S&T
system. With the frequent change
of MCTI ministers — five in the
last five years — there have been
changes in priorities and the dis-
continuity of many programs.
FNDCT was once again subject to

cuts, and almost all items in the
MCTI budget were affected. To
make the situation worse, the gov-
ernment that took office after the
parliamentary coup in May 2016
merged the Ministry of Science
with that of Communications, vir-
tually declaring its extinction. As
a result, the entire ST&I system
was relegated to a lower level in
the federal government hierarchy,
causing further cuts in the budgets
of all institutions in the federal sys-
tem. The recent sharp drop in MC-
TT’s budget is shown in Figure 6.

The cuts in the budgets of CN-
Pq and Capes led to a gradual de-
crease in the number of scholar-
ships, the amounts of which have
not been adjusted since 2008. In
addition, these agencies cannot
normalize the releases for post-
graduate courses and the various
research programs, such as INCT
and Pronex. Created in 2011, the

Figure 6 | Evolution of the executed budget of the Ministry of ST&l, in constant R$ millions, corrected by the average

annual IPCA
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Science Without Borders program
was phased out in 2016. Since
reaching a peak of R$ 5.8 billion
in 2013, the value of FNDCT has
fallen in the following years to R §
3.3 billion, R$ 1.6 billion, R$ 1.8
billion, reaching only R$ 1.7 bil-
lion in 2017. This decrease caused
Finep’s delay in the release of funds
for projects approved in the vari-
ous notices. Until recently it had
not released funds for the projects
approved in the Proinfra 2014 an-
nouncement.

This situation of dramatic bud-
get cuts generated severe protests
from entities of the S& T commu-
nity, notably the Brazilian Society
tor the Advancement of Science
(SBPC) and the Brazilian Acade-
my of Sciences (ABC). They have
expressed themselves publicly,
warning the federal government,
the National Congress and society
about the risks to the future of the
country. In an unprecedented
move in 2017, there were 23 No-
bel laureates that sent a letter to
the President of the Republic, ex-
pressing concern about cuts in the
S&T budgets and warning about
the risks they represent. In anoth-
er unprecedented move in 2018,
the presidents of Capes and CNPq
publicly expressed their concern
about the budgets planned for
2019, which contained such deep
cuts that, if implemented, will
cause the cancellation of tens of
thousands of scholarships.

The recent retrocession in the
S&T scenario shows that the big-
gest challenge of the sector in Bra-
zil is still the lack of State policies.
Governments and priority chang-
es make it difficult to maintain
programs and actions, even the

most successful ones. As Celso Fur-
tado said, “underdevelopment is
not a simple phase of transition to
development, but a more perma-
nent phenomenon, requiring a te-
nacious and prolonged political
dedication to overcome it”.

As we have seen, Brazil has
only about one researcher per
thousand inhabitants. For ST&I
to become effective components
of our economic and social devel-
opment, it will be necessary to
increase the quantity of scholar-
ships and research, to expand the
research community, to improve
the quality of scientific production
and the training of personnel at
all basic, graduate and post-grad-
uate levels.

It will also be necessary to in-
crease industrial research signifi-
cantly, as well as to insert techno-
logical innovation definitively in
the productive process of compa-
nies. At the other end, it will be
important to intensify the support
programs for technology incuba-
tors and technology hubs; to in-
crease the number of start-ups and
innovative small - and medi-
um-sized enterprises; and to cre-
ate a new generation of technol-
ogy entreprencurs.

And not less important, it will
be necessary to intensify the actions
and initiatives of ST&I for the gen-
eral public; to improve education
at all levels — particularly science
education in schools — to attract
talents that demonstrate potential
to develop as inventors, scientists,
researchers and entrepreneurs; and
to expand the quality and geo-
graphic distribution of science.

The current ST&I scenario
makes this year’s presidential elec-

It is necessary either to revoke

Constitutional Amendment
95 - called the Budget Ceiling

Law - or to promote its radical
change in order to recover the

State’s investment capacity
by allocating 2% of GDP for
activities related to science,
technology and innovation.

tions decisive for Brazil’s future.
As a result, the SBPC sent to the
presidential candidates a set of pro-
posals:

|. To recreate a Ministry of Sci-
ence, Technology and Inno-
vation that is entirely dedicat-
ed to this issue, working with
the state and municipal ST&I
entities to articulate policy, and
especially with the Founda-
tions for Research Support,
which are currently undergo-
ing a serious Crisis;

/. To revoke Constitutional
Amendment 95 (the so-called
Budget Ceiling Law) or pro-
mote radical change to it;

J. To stop further cuts to the
FNDCT, promoting the grad-
ual recovery of resources al-
ready subjected to contingen-
cy and make adequate use and
permanent monitoring of all
public funds to support re-
search and development;

4. To recover the budget levels
of investment in TS&I to that
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of its highest level, during the period of 2009-
2014;

0. To establish the goal of investing 2.0% of GDP
in R&D resources in the coming years, with ef-
fective planning to achieve the goal;

0. To support and strengthen the programs and in-
struments essential to S&T (such as the Nation-
al Institutes of Science and Technology - INCTs),
the public call-for-proposals, and the Finep In-
frastructure Program (Proinfra), as well as the
consolidation and modernization of national
multiuser equipment centres;

1. To comply with ongoing international agree-
ments in the scientific area and support Bra-
zil’s participation in the major international
research programs considered appropriate for
the country;

8. To promote the effective and improved applica-
tion of a new legal framework for ST&I at the
federal, state and municipal levels, based on an
evaluation of its operation. Remove or improve
other legislation that makes it difficult to carry
out scientific and technological research;

0. To develop a national S&T plan, with priorities
connected to major domestic issues, and to mo-
bilize national projects under a modern indus-
trial policy to support processes and investments
in innovation within companies. The National
Council of Science and Technology (CCT) should
be the articulating entity of this plan, which must
emphasize the decisive role of state and regional
ST&I structures;

[0. To improve the quality of education at all levels,
particularly scientific education, with the salary
and symbolic valorisation of teachers of basic ed-
ucation; promote the use of research-based teach-
ing methodologies and the appropriate use of the
affirmative action policy;

I1. To disseminate public administration that takes
into account the results of scientific knowledge,
respect for the environment and promoting so-
cial innovation and inclusion;

|7.To defend national sovereignty on strategic is-
sues such as Petrobris; the exploitation of pre-
salt, solar and wind energy sources; the national
aeronautics industry; the Brazilian space policy;
and the legal framework for the internet.

Considering the set of factors that characterize
the current scenario of the country, these goals are
coherent and feasible. They indicate the possibility
of achieving a new development pattern in the next
decade, with ST&I as essential elements for the sus-
tainable development of Brazil. =

Notes

1. For the triennium 1996/7/8, the Group Directory of CNPq
had a total of 32,000 doctors, from which only 3,114 were
engaged in projects under Pronex.

2. The portfolio of Funds is currently very close to that of 2002
and has been increased by two other Sectorial Funds.

3. the first National Science and Technology Conference, held
in 1985, had the objective of including society in the defi-
nition of a science and technology policy for the nation. The
2nd Science and Technology Conference of 2001 empha-
sized the importance of technological innovation as an in-
strument for competitiveness. In fact, “Innovation” was

thereby included in its name (www.cgee.org.br).
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The role of

‘Embrapa

lhe development and sustainability
[ Brazilian agriculture

Heavy investment in human
resources, with an extensive
postgraduate program in Brazil and
abroad, explains the success of
Embrapa that today has 2,438
researchers, 86% of which hold a
doctorate degree. It is the largest

Antonio Flavio agrarian science training program in
Dias Avila the tropics. Thanks to investments in
Agronomist, PhD in Rural . .

BTOmY. researcfeot agnc.ultuTaI science a.nd techno.logy,
Embrapa. The author thanks Brazil quintupled grain production
RobEiggiienieatO g between 1975 and 2017, while arable
Wilson Fonseca, editors of ,

Embrapa’s Social Report, land only doubled. Genetic

and researchers Elisio Lrnprévement of major crops,

Contini and Alberto Santana

for comments e including soybeans at, beans,
and suggestions. its and
; were conducted. Similar
- work has improved the quality of
” beef, chicken and pork. All these
advancements have contributed both
to the country’s trade balance and to

reducing the food prices sold in the
domestic market.




ooooooooooooooooooooo




agricultural science

58

The creation of Embrapa
and its model

The proposal for creating the Bra-
zilian Agricultural Research Cor-
poration (Embrapa) was approved
by Law N° 5,851 of December 7,
1972 and implemented on April
26, 1973. It was created as a state-
owned company under pri-
vate-sector law, replacing the Na-
tional Department of Agricultur-
al Research and Experimentation
(DNPEA), directly linked to the
Ministry of Agriculture. The op-
tion for the state-owned company
model —an agency of indirect ad-
ministration — was adopted in or-
der to allow greater flexibility,

GILBERTO MARQUES/A2IMG

efficiency and autonomy than the
former DNPEA, in particular for
fundraising and management of
human and financial resources
(Cabral, 2005).

Subsequently, the necessary
structural measures were taken in-
to consideration when creating its
institutional model and planning
system for the operation of the
company. The structure, functions
and attributions of its units were
also defined at the national level,
with its three types of research
centres (for products, specific top-
ics and ecoregional issues) and ser-
vice units. Its role as the coordi-
nating unit of the state agricultur-

al research system was established.

The implementation of Em-
brapa was supported by the inter-
national agricultural research cen-
tres linked to the CGIAR Con-
sortium and by international
agencies, such as the Inter-Amer-
ican Institute for Cooperation on
Agriculture (IICA), the Food and
Agriculture Organization of the
United Nations (FAO), and the
US Agency for International De-
velopment (USAID), as well as by
the decisive financial support
through loans from the World
Bank (IBR D) and the Inter-Amer-
ican Development Bank (IDB).

Two initiatives were funda-
mental in its institutional concept:
the adoption of a model concen-
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trated on research and the capac-
itation of human resources. There
were other components, such as
proximity to the productive sec-
tor; administrative and financial
flexibility; transparency and co-
operation with other public and
private organizations. It was with-
in this context that the company
focused its efforts on products and
important topics for the food sup-
ply of Brazilians. Previous expe-
riences in Brazil and abroad have
shown that the dispersion of hu-
man and financial resources in re-
gions, products and research line-
shad produced limited results.
Embrapa invested heavily in
the training of its human resourc-

Embrapa publishes an
annual social balance sheet
with studies of economic,
social, environmental

and institutional impact.
An integrated planning
system ranges from the
formulation of long-term
strategies to the individual
agendas of each
collaborator:

es in the field of agricultural re-
search in the main centres for ex-
cellence, especially abroad. This
training brought the necessary in-
stitutional capacity to form inter-
national research networks, besides
generating or adapting technolo-
gies to the country and its regions.
It led Brazil to lead the world in
the development of technological
solutions for tropical agriculture
(Embrapa, 2006).

The planning culture

A culture of planning from its be-
ginning is what stands out in the
story of Embrapa, which would
only become consolidated over
time. It was fundamental for the
company to establish priorities in
its first decades in order to hire,
train and allocate researchers, as
well as to modernize and expand
the infrastructure of laboratories
and experimental areas.

In addition to the studies that
supported the creation of Embra-
pa during the first two decades,
several documents guided the im-
plementation of a solid research
and development (R&D) program
to meet the demands of the Bra-
zilian society. All the planning
documents prepared during this
period included national and re-
gional priorities, essential for the
company’s deployment.

In the last twenty years, this
culture has been consolidated
with the adoption of a new stra-
tegic planning process based on
conjunctural and prospective
studies. The first conjunctural
study for the research was pre-
pared at the end of the 1990s with
the assistance of the Institute of

Administration Foundation (FIA)
of the University of Sio Paulo
(Ayres et al., 1990) that was es-
sential for the preparation of the
II Master Plan of Embrapa (PDE),
covering the 1993-1997 period
(Embrapa, 1994).

As of the beginning of the
1990s, after two decades of studies
estimating its rates of return, Em-
brapa was questioned externally
and internally about results from
the institution’s performance — es-
pecially regarding environmental
and social impacts. These new de-
mands arose mainly from the Unit-
ed Nations Conference on Envi-
ronment and Development (ECO
92) held in Rio de Janeiro, and
the dissemination in Brazil of a
new type of document used to
render accounts to society, called
the Social Balance Sheet, focusing
on effectiveness (use/adoption and
impacts of results).

Seeking to meet these new so-
cial and environmental demands
in the context of the Master Plan
I1, the company decided to refor-
mulate its process of corporate per-
formance management. In the sec-
ond half of the 1990s,the Embra-
pa Evaluation and Results
Awarding System - SAPRE (Em-
brapa, 1996) was developed, in-
troducing an innovation: a sys-
tematic process of evaluation, link-
ing it to the performance of teams
and employees and, therefore, to
the recognition and reward pro-
cesses, with emphasis on re-
sults-based recognition.

In the efficiency criterion, the
institutional performance evalua-
tion of this system included a di-
verse set of indicators, such as
meeting strategic goals, fundrais-

PolitiKa



agricultural science

60

ing, improving processes and ra-
tionalizing costs. In addition, Em-
brapa introduced indicators of in-
stitutional performance evaluation
based on efficiency criteria (pro-
duction versus costs) and effec-
tiveness (adoption and impacts).
Since then, the results of the in-
stitutional performance evaluation
have fed the subsequent process
of awarding teams and employ-
ees, a decisive factor to establish
the amount of resources related
to recognition (Portugalet al.,
1998).

Still in the 1990’s there was
another important milestone in
the improvement of management:
Embrapa’s decision to adopt the
Social Balance Sheet among its
annual accounting documents to
be disclosed to society, focusing
on indicators of effectiveness (Em-
brapa, 2018a). With the Social Bal-
ance Sheet published once a year,
the impact studies became more
visible in addition to meeting the
needs of SAPRE. This initiative
helped to motivate the teams and
mostly to improve the quality of
the evaluation of technologies gen-
erated by the company.

Besides the managerial inno-
vations of the 1990s that resulted
from SAPRE and the Social Bal-
ance Sheet, it is also worth men-
tioning the effort made in the
tollowing decade to expand the
scope of impact assessments. Un-
til then, only the economic im-
pacts had been highlighted. In
the first half of the 2000s, the in-
stitution incorporated other in-
dicators of effectiveness to the
impact assessment process (envi-
ronmental, social, and institution-
al indicators), moving from a

one-dimensional approach to a
multidimensional one, thereby
consolidating a single methodol-
ogy as a reference in the compa-
ny (Avila et al., 2008).

A consolidated planning cul-
ture and a system of evaluation
—with reward-based resultsand a
commitment to the Social Bal-
ance Sheet— has been essential for
Embrapa. This enabled the insti-
tution to establish itselfas a com-
pany with content and solutions
for agribusiness production chains
that are capable of meeting gov-
ernment and sectorial objectives.

In 2014, the performance ap-
praisal process was reformulated.
The company’s Board of Direc-
tors (Consad) established the in-
tegrated model for institutional
evaluation, programme and team
performance called Integro,
which came into operation in
2015 (Embrapa, 2014a).

Processes that had previously
been handled independently be-
came integrated: management of
strategic plans;institutional perfor-
mance; research and support pro-
gramming;management of people,
recognition and reward processes;
monitoring adhesionand impact
assessment. Thanks to Integro, Em-
brapa is now able to manage its
corporate planning, from the for-
mulation of strategy to the imple-
mentation of the individual agen-
das of cach collaborator.

At the same time, the institu-
tional context and the multiplic-
ity of topics covered required the
company to build a strategic in-
telligence system, Agropensa, to
analyse data and information rel-
evant to agricultural research. The
main product from this initiative

was the preparation of the docu-
ment “Vision 2014/34: the future
of the technological development
of Brazilian agriculture” (Embra-
pa, 2014b). This initiative was
unfolded in the publication of an-
other similar document, called
“2030 Vision: the future of Bra-
zilian agriculture” (Embrapa,
2018b).

This new process of intelli-
gence, led by Agropensa, allowed
the company to better ground its
strategic plans. The Master Plan
VI of Embrapa (PDE) was based
on the first Vision document. The
same should occur in the update
of the PDE VII in 2019, follow-
ing the recent publication of the
document Visio 2030.

The great innovation in Em-
brapa’s current strategic planning
process is its integrated manage-
ment, which in recent years has
been linked to research, develop-
ment and innovation (RD&I) pro-
gramming, as well as to manage-
ment and support actions. Backed
by modern information manage-
ment tools and fully administered
in the logic of digital transforma-
tion, Embrapa reached a new lev-
elin the strategy management and
corporate performance.

This extensive integration of
processes, resulting from its per-
formance management model (In-
tegro), added to other improve-
ments introduced in the other
management tools (Ideare/
Sisgp,project management,andG-
estec, management of technolog-
ical assets, among others) resulted
in substantial gains in efficacy, ef-
fectiveness and efficiency, both
institutional (units) and in pro-
gramming (macro-programs,

N° 6 _JAN-JUN 2019



61

portfolios and arrangements)', es-
pecially of its teams and employees.

Integrated monitoring of plan-
ning and performance across all
levels of the company has ensured
that senior administrators and all
managers have a clear view of each
individual’s role and contribution
to corporate planning in order to
meet the demands of the strategic
plan. The performance of the com-
pany in recent years confirm the
success of this integrated strategy
and performance management, as
detailed in the accounting reports
submitted to the government au-
diting agencies, such as the Man-
agement Report.

Human Resources and
Infrastructure

One of the major challenges faced
by Embrapa, especially in its first
decade of existence, was to over-
come the various limitations point-
ed out by the working group that
evaluated the situation of agricul-
tural research within the DNPEA,
thereby proposing the creation of
the new company. At that time,
the priority issues included the sub-
ject of human resources. There
was alack of staff with a leadership
profile and workers with special-
ized training, especially those with
postgraduate courses. In addition,

Figure 1 | Evolution of the academic education of Embrapa researchers - 1974-1993
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the wage policy for staff involved
in the agricultural research was
unattractive (Embrapa, 2006).
Thanks to strong financial sup-
port from the federal government
— including international loans
from the Inter-American Bank
and the World Bank — Embrapa
implemented an extensive post-
graduate training program in Bra-
zil and abroad, involving the best
universities in the world in agrar-
ian and social sciences. The pro-
gram was very successful. It soon
allowed to reverse statistics on the
education of researchers, which in
the mid-1970s had only been a
small number of postgraduates.
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According to the data presented in
Figure 1, Embrapa’s human resources
situation was completely changed with-
in twenty years. At the beginning of the
1990s, most researchers had master’s de-
gree, and there was increase in the num-
ber of researchers with doctorate degrees.

This process continues until today,
focusing on the training of doctorates
and post-doctorates. Currently, 45 years
after its creation, the company has 2,438
researchers, of whom 86.3% have a doc-
torate degree and 13% a master’s degree.

The strategic decision of investing
massively in the training of researchers
created the largest training program in
agrarian sciences in the tropics. The
program was decisive for Embrapa to

assume its current position as leader of
tropical agriculture research among de-
veloping countries.

Parallel to investments in human re-
sources, Embrapa invested in the imple-
mentation and modernization of the re-
search infrastructure, which initially had
also been very restricted. Thanks to loans
provided by the Inter-American Bank
and the World Bank, together with
strong accompanying support from the
federal government, a large network of
research centres was implemented.

More recently, other sources of fund-
ing have supported the company in im-
proving centres and laboratories, both
to avoid technological obsolescence and
to maintain the international quality

Figura 2 | Evolution of the grain production, area and productivity in Brazil
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The evolution of productivity
and its impacts

In the analysis of this trajectory,
one of the striking facts has been
the central role of Embrapa in the
productivity growth of Brazilian
agriculture. Thanks to investments
made in S&T by the federal gov-
ernment, Brazil quintupled the
production of grains in the 1975-
2017 period, while the area of ar-
able land grew slightly more than
100% (Figure 2).

Especially in the first decades
of Embrapa’s performance, the
main highlight in the production
of grains was the genetic improve-

ment of the main crops, especially
soybeans, wheat, beans, corn, cot-
ton and rice. Carried out in part-
nership with state agricultural re-
search organizations and the private
sector, this work generated pro-
ductivity gains not only in grains
and fibres, but also in fruits and
vegetables. These gains can be seen
in the vertiginous growth observed
in the last forty years. They placed
Brazil among the largest players in
the world market for agricultural
commodities.

This exponential growth was
also observed in the area of beef,
chicken and pork meat in the same
period, as shown in Figure 3. The

Figura 3 | Evolution of beef, chicken and pork meat production in Brazil
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By conventional
breeding or
biotechnology, food
biofortification
increases the
nutritional content of
micronutrients, such
as vitamin A, zinc
and iron in bean
cultivars, cassava
and corn.

decades had a very important add-
ed impact for the Brazilian soci-
ety, with the reduction in the pric-
es of the basic food basket, as it
appears in Figure 4.

If food shortages and imports
were maintained in Brazil in the
1960s and 1970s, food prices
would be at a much higher level
today. Although this reduction is
not only due to the research ac-
tivity — since there were other
important actors in the process —
it is possible to state that a signif-
icant part of these social benefits
can be attributed to the techno-
logical solutions generated by Em-
brapa and its partners. Interna-
tional partnerships are closely as-
sociated with the qualifications
received by our researchers at the
best universities in the world, as
well as the scientific cooperation
inherent to the R&D area.

Embrapa successful cases

Many successful cases can be seen
in Embrapa’s last 45 years. Per-
haps the most important was the
incorporation of the Cerrado in-
to the Brazilian economy. In the
Internet portal of the institution
there is an extensive documen-
tation about its main contribu-
tions.? We will highlight some
of them, especially those which
generated the greatest impacts
and are included in the annual
Company’s Social Balance Sheet
(Embrapa, 2017, 2018b). Embra-
pa’s contributions in the formu-
lation of public policies will also

be highlighted.?

Highlights in RD&I

Embrapa has made important con-
tributions in agro-industrial re-
search, among them the improve-
ment in the quality of products
related to the biofortification of
foods, a process used to increase
the nutritional content of micro-
nutrients, such as vitamin A and
specific minerals (zinc and iron).
These nutritional gains, intro-
duced in cultivars already used by
producers, such as beans, manioc
and corn, are obtained by both
conventional plant breeding and
biotechnology.

Embrapa’s contribution to cot-
ton producers deserves special
mention, since itintroduced new
varieties for the cotton regions of
the country, especially in the state
of Mato Grosso. Another high-
light was the availability of co-
loured cotton cultivars of assorted
tones, allowing small producers
to add value to production,espe-
cially in the Northeast. In addi-

tion, technology generates income
for the textile industry and con-
tributes to retailers oftering of dif-
ferentiated clothing and fashion
items.

Through rescarch and adop-
tion of sustainable forest manage-
ment, Brazil has contributed heav-
ily to modifying the traditional
predatory exploitation of its for-
ests. As a remedy, Embrapa has
also collaborated for the sector to
reach high levels of productivity
with sustainability. Among the
examples of this contribution is
Modeflora, a system capable of
providing the exact location of
the trees in their environment,
showing details of the terrain and
hydrography, as well as other in-
formation essential for the correct
management of the forest. Along
the same line, forest planting man-
agement applications have been
developed to support producers
and technicians all over Brazil.

Embrapa has also participated
decisively in the generation of
technological innovations in fruit
growing. Among the diverse con-
tributions is the intense work of
domestication of native species,
such as guarand, with important
gains in terms of production and
resistance to diseases. In cashew
production, the development of
new clones of precocious dwarf
cashew tree made it economical-
ly viable to be produced, even in
adverse climatic conditions.

Another outstanding example
in the area of fruit growing was
the availability of technologies
that enabled Brazil to produce
grapes even in the semi-arid re-
gion and to reap two mango har-
vests. Also noteworthy is the hy-
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Figura 4 | Price of the Basic food basket in Sdo Paulo Municipality (R$ Feb/2018*) - Jan/1975 Feb/2018
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drothermal treatment of mango,
which generated gains of more
than R$ 1.4bn in exports in the
last 25 years.

In the production of vegeta-
bles — a market that is very diver-
sified — Embrapa has improved
the production systems of the main
species(potato, tomato, watermel-
on, lettuce, onion and carrot)
fromwhich family agriculture ac-
counts for more than half of pro-
duction. Aware of its role in this
segment, the institution also de-
veloped a new cultivar of cherry
tomatoes, BRS Zamir, with a high
content of lycopene, already pres-
entin 10% of the area planted with

Source: DIEESE Preparation: ROB/GIE/SIRE * Monetary adjustment by IGP-DI

this variety in Brazil. In addition,
the company introduced a Chi-
nese technique of mushroom pro-
duction cultivated by small farm-
ers, with significant positive im-
pacts on their production and
consumption in the country.

In the area of grains there was
an expressive growth of produc-
tion and productivity. Embrapa
and its partners played a decisive
role in the genetic improvement
of cultivars of the main grains
produced in the country — rice,
beans, corn, soybeans, wheat and
sorghum — improving pest and
disease control systems and cre-
ating new and more efficient

management practices. As an ex-
ample, the decisive role of Em-
brapa’s research in the production
of soybeans in tropical areas, pre-
viously limited to temperate re-
gions, should be highlighted.
More recently, there have been
significant and innovative gains
in wheat production, with culti-
vars adapted to the conditions of
the Cerrado. Another relevant
contribution of Embrapa are the
barley cultivars, adopted by most
Brazilian producers.

The company has sought to
contribute to the increase of food
production with environmental

responsibility. We highlight the
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technologies made to reduce the
use of agrochemicals, such as the
integrated pest management and
the use of biological control, such
as biopesticides that fight corn
pests without affecting the envi-
ronment. Along the same line,
more resistant cultivars have been
made available to the water short-
age areas, such as the cashew
clone resistant to drought, which
has led to substantial increases in
income in the semi-arid region
of Piaui.

Further to reconciling food
production with environmental
concerns, the company has been
making new sustainable manage-
ment practices available to farm-

ers, such as those used in brazilnut

production in the natural forests
of the Amazon.

In addition to providing en-
vironmental conservation, Em-
brapa’s technologies improved the
living conditions of producers,
especially the poorest ones, with
basic sanitation. This is the case
of the biodigester septic tank,
which combines environmental
gains and robust economic re-
turns. Especially in the Semi-ar-
id region, water cisterns and sim-
ilar technologies allow for better
coexistence with drought.

One of the most important
users of technological innovations
has been Brazilian cattle ranch-
ing. There was an intense mod-
ernization of the sector, with an

increase in sustainable production
and productivity. In addition to
Embrapa, many institutions pro-
duce innovations for livestock,
from genetics and nutrition to pest
and disease control. They have
increased the offtake rate of the
beef cattle herd. The contribution
of the company was more deci-
sive in some areas, especially pas-
tures: five of its forage cultivars
account for almost 80% of the
national market, making Brazil
the biggest exporter of tropical
forage seeds in the world.
Embrapa’s research also con-
tributed to the development of
animals with lower fat percent-
age, which today represent the
national herd standard. Moreover,

Biopesticides combat
the pests of corn
without affecting
the environment,
while new cultivars
of cashews

make them more
drought resistant,
expanding their
presence across the
Northeastern
semi-arid landscape.
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the doubling of the annual milk
production in the last twenty years
must be highlighted. This increase
occurred not only with the ex-
pansion of the herd, but also with
the increase of productivity,
thanks to the incorporation of new
technologies.

Regarding the improvement
of the production process, one of
the great contributions of the
company was the integrated
crop-livestock-forest system (IL-
PF), developed in the 1980s and
1990s to integrate livestock and
grains. Having incorporated the
forestry component since 2000,
the new technique was already
adopted in 11.5m hectares in 2016
(Embrapa 2017) and now exceeds
15m hectares according to the
ILPF network.

Transfer of technologies and
knowledge

Embrapa technologies reach dis-
tant and rural producers through
various initiatives, involving field
days and caravans all over Brazil.

Covering a broad range of top-
ics, these initiatives havethe addi-
tional purposes of validating and
transferring technology. They al-
so serve to strengthen interinsti-
tutional partnerships; capacitate
professionals as multipliers that
capture resources;as well as par-
take in the broadcasting of radio
and television programs.

Still in the scope of knowledge
transfer, Embrapa ensures open
access to information, such as Em-
brapa’s Open Access to Scientific
Information (Alice), which is the
cighth most accessed among the
51 Brazilian scientific repositories.
Another strategy has been the

preparation and dissemination by
the media of technical videos and
programs such as Prosa Rural
(Rural Chat), broadcast free of
charge through more than 9,000
radio stations in the country, and
the TV show Dia de Campo na
TV (TV Field Day) with an au-
dience of 5.7m viewers.
Similarly, Schulz (2018), a pro-
fessor at Unicamp, says that Em-
brapa is the 11th in the ranking of
144 Brazilian governmental insti-
tutions in scientific production.
In the citations per article criteri-
on, the same author points out that
Embrapa presented an average of
11.27 in the 2009-2013 period,
emphasizing the importance of
international partnerships, espe-
cially that with the US Depart-
ment of Agriculture, with an av-
erage of 42.42 citations per article.

Participation in the
formulation of public policies
In addition to the mentioned tech-
nological successes and perfor-
mance in the technology transfer,
Embrapa has participated in the
drafting and enactment of laws,
decrees, normative instructions,
plans and programs at the inter-
national, national, regional, state
and municipal levels. This partic-
1pation —as seen in the Social Bal-
ance Sheets 2014 and 2015 — can
be seen in more than a hundred
public policies, demonstrating that
the impact of this work goes far
beyond the effects of technologies
in increasing productivity, job cre-
ation, cost reduction or value ag-
gregation in the productive sectors
traditionally measured.
Embrapa’s most recent contri-
butions to public policies include:

(a) the Low Carbon Agriculture
Plan to reduce the emission of
greenhouse gases by the agricul-
tural sector (ABC Plan); (b) the
Fishery Control System, focused
on the sustainability of the Pan-
tanal; (¢) the Environmental Li-
censing System, which expedites
assistance in the states, including
the requirements of the new For-
est Code; (d) the Public Policy for
the Integration of Crop-Live-
stock-Forests (ILPF); (e) the De-
limitation of Matopiba,! which
opened the way for the implemen-
tation of public policies in the re-
gion; and (f) the Agricultural Cli-
mate Risk Zoning (Zarc).

Embrapa’s social profit
Although producing private
goods and services that can be
sold in the market, Embrapa’s
main social role is to produce
public goods and services. Unlike
private research, beneficiaries do
not pay for the use of these goods
and services.

Public institutions dedicated
to agricultural research like Em-
brapa can generate profits from
the sale of products (seeds, seed-
lings, animals, etc.), services (lab-
oratory and soil analysis, maps,
etc.), or even patents (equipment,
machines, etc.), but they only cov-
er a small part of their costs.

When analysed from the ac-
counting and financial perspec-
tive, this lack of profit is some-
times interpreted as a loss. But it
is counterbalanced by the social
benefits these institutions provide.
There is social profit to the extent
that goods and services generated
by science and technology insti-
tutions are successfully adopted

PolitiKa



agricultural

Science

63

by customers and users, together
with their associated economic, so-
cial and environmental benefits.
With this positive balance, a pos-
sible dependence on the National
or State Treasury is widely com-
pensated.

This concept of social profit,
used by Embrapa in the preparation
of its Social Balance Sheet since
1997, refers to the socioeconomic
benefits generated annually, com-
pared to the net operating revenue
of the company. The estimate comes
from monitoring and measuring
the impacts of a sample of public
goods and services made available
to the society. This continuous and
systematic monitoring of impacts
has been done for more than two
decades and shows positive social
balances sheets every year. It is
through such monitoring that Em-
brapa has demonstrated the fulfil-
ment of its social role.

Since the 1980s, Embrapa has
conducted studies to estimate the
social results from its operations,
i.e. the economic impacts generat-
ed by the adoption of the technol-
ogies, products and services (net
additional revenue generated). At
first, these studies sought to esti-
mate the internal rate of return of
the investments, relating the eco-
nomic benefits over a certain peri-
od to the costs of the technologies
that generate such benefits (Avila
etal., 2005, for example). From the
initial studies, dozens of works were
carried out in the 1980s and 1990s,
involving technicians from Embra-
pa and national and international
consultants. The results indicated
rates of return of 30% to 40%, prov-
ing that the resources invested in
the company were beneficial to Bra-

zilian society. Such rates are close
to the results of studies that evalu-
ated the return on investments in
agricultural research in other parts
of the world (Alston et al., 2000).

With the publication of the So-
cial Balance Sheet, based on a meth-
odology disseminated by the Bra-
zilian Institute of Social and Eco-
nomic Analysis (Ibase) since 1997,
Embrapa began to monitor the im-
pacts of a sample of 115 technolo-

Several initiatives,
involving radio,
television,

internet, field days
and caravans,

take Embrapa
technologies to
extension programs
and rural producers,
reaching millions of
users in all regions
of the countruy.

gies incorporated in the Brazilian
agricultural production chains, as
well as of its own cultivars and
those of its partners and used by
producers — especially in the cases
of cotton, rice, beans, corn, soy-
beans and wheat.

This monitoring of benefits and
costs has allowed Embrapa —a world
pioneer in this procedure among

S&T institutions — to estimate its
annual social profit (economic im-
pacts plus values of social and la-
bour indicators) and relate it to its
annual operating income.

The most recent results, pub-
lished in the Social Balance Sheet
of 2017, show a social profit of R$
37.18bn. When this profit is relat-
ed to Embrapa’s net operating rev-
enue, the ratio is 11.06. This indi-
cates that, considering only the an-
nual revenue and social benefits in
a sample of technological solutions
made available to the society, the
annual return was eleven times
higher than the investment.

‘When using the traditional in-
dicator of investment return anal-
ysis, which is the internal rate of
return (IRR), the results also show
a high social return. The estimated
IRR was 36.1% based on the time
series of economic benefits of Em-
brapa products. This rate of social
return refers to the average returns
of investments made in the gener-
ation of technologies monitored
and evaluated since 1997.

Besides social profit, there are
other ways to measure Embrapa’s
contribution to society. In its mis-
sion to generate and disseminate
knowledge, the company stands
out as the 8th Brazilian institution
in volume of scientific production,
according to the international da-
tabase Web of Science. The scien-
tific articles produced by Embrapa
received more than 33,000 citations
in the last five years, which shows
their impact on the advancement
of knowledge.

More evidence of impact can
be seen in the technical-scientific
publications made available by Em-
brapa on the Internet. In 2017, ac-
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cess controls to its repositories regis-
tered 24.5 million downloads, made
mainly by public and private agents of
technical assistance and rural extension
and by rural producers. Considering
the period 2011 to 2017, the total of
downloads of Embrapa publications
reached 74.9 million.

Regarding the environment, there
were several relevant contributions in
the recent years, thanks to the adop-
tion of Embrapa technologies. Taking
into account only the most emblem-
atic cases — the Low-Carbon Agricul-
ture Program (PlanoABC), the adop-
tion of biological nitrogen fixation
(BNF) in soybean crop, and the inte-
grated system of crop-livestock-forest
production (ILPF) — the reduction of
carbon emissions in the 2016-2017 har-
vest was around 65 million tons of car-
bon equivalent, of which BFN con-
tributed 30m and ILPF 35.1m (Embra-
pa, 2018a).

If other technologies that are part
of the ABC Program, such as the
recovery of degraded pastures and
direct planting system are included,
these environmental gains are even
greater. The technologies of Embrapa
and its partners have had positive
environmental impacts, contributing
to Brazil’s large-scale implementation
of the international commitments made
at the Conference of the Parties (COP),
which 1s the supreme decision-making
body under the Convention on
Biological Diversity (CBD) to reduce
the emission of greenhouse gases.

There is numerous, measured and
documented evidencethat Embrapa is
a success story of Brazilian public ad-
ministration, considering its econom-
ic, social and environmental impacts.
The institution fulfils the role of gen-
erating public goods that compensate
the investments it receives. m

Notes

1. The macro-programs, portfolios and arrangements are programatic figures that have been used
by Embrapa to join its research, development and innovation projects.

2. - https://www.embrapa.br/grandes-contribuicoes-para-a-agricultura-brasileira?link=acesso-
-rapido.

3. - http://bs.sede.embrapa.br.

4. Acronym of the initials of the states of Maranhio (MA), Tocantins (TO), Piaui (PI) and Bahia (BA).
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The rolq qf the
Brazilian Navy

New materials, special alloys, electromagnetic spectrum control and mastery of uranium enrichment
technology are some of the scientific and technological challenges the Navy faces in close collaboration with
universities and companies. All this makes up an extensive and complex system that benefits everyone.

Built in partnership with France, the project for the first Brazilian submarine powered by nuclear propulsion is
in the detailing phase. Science, technology and defence policies are inseparable.




Introduction

Throughout its history, the
Brazilian Navy has recognized
the strategic value of science,
technology and innovation
(ST&I) for defence and has
used such instruments for its
tactical and operational im-
provement with increasing in-
tensity. The evolution in the
systematic use of ST&I for
training personnel, developing
equipment, and means of de-
ploying navy and marines led

to the creation of the “Science,

Technology and Innovation
Strategy of the Navy”.!

The elaboration of this
strategy was based on the anal-
ysis of the national ST&I strat-
egies of the United States,
France and Brazil, as well as
the study of several documents
defining public policies, such
as the National Defence Strat-
egy?, for example. The infor-
mation thus obtained led to a
ST&I action plan, based on the
triple helix model and topics
for action that could meet the
Navy’s needs.

Carlos Alberto Aragao

de Carvalho Filho

Physicist, full professor of UFR)
and CBPF, former president of
CNPq, full member of the Brazilian
Academy of Science, institutional
advisor of the Naval Agency of
Nuclear Safety and Quality.

Guilherme da Silva Sineiro
Chemical Engineer, Navy Captain of
the Navy Engineering Workforce,
former head of the Research and
Development Department of the
Navy Research Institute, institutional
liaison advisor of the Naval Agency
for Nuclear Safety and Quality.

TOMAZ SILVA/AGENCIA BRAISIL

S\



science and defence /2

The model symbolizes the dy-
namic evolution of the interac-
tions between academia, corpo-
rations and government, through
upward spirals. Interactions occur
throughout the evolutionary
chain through the exchange of
science, technology, research and
development. The mode of op-
eration is based on research and
development activities in part-
nership with universities, research
centres and technological insti-
tutes — scientific-technological
institutions — and companies,
with special attention to dual
technologies.

Figura 1| Steps of technology development
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The different steps of this
mode of operation, shown in Fig-
ure 1, involve different combina-
tions of partners, depending on
the level of technological readi-
ness (TRL) of each stage. The
region demarcated as “zone of
interaction” is also known as the
technological “death valley”, since
most of the technologies in this
zone cannot reach readiness and
are then abandoned. The Brazil-
ian Navy has paid special atten-
tion to technologies of its interest
that belong to this TRL range,
which are at the risk of never ma-
terializing.

Besides establishing the nec-
essary institutional policy in the
area of interaction of the chart,
involving different partners, the
mode of operation defined by the
ST&I strategy also considers the
financial resources, mainly due
to the variation of the types of
funding available, according to
the increase in the technological
readiness level. The universities
interact with Navy science and
technology institutions in phases
1-3, dedicated to basic and/or ap-
plied research. Typical of techno-
logical development, phases 4-7
involve these institutions and
companies, the latter in the stag-
es of testing and prototyping.
From this stage onward, compa-
nies are responsible for the pro-
duction scale. There is a particu-
lar interest in the leverage of the
country’s industrial defence base,
using all the federal and state gov-
ernment instruments and legal
frameworks to stimulate innova-
tion, focusing on products, pro-
cesses and services of interest to
the Navy. With regard to the con-

cept of topics for action, created
to bring together different lines
of research around operational
applications of interest, the Navy
established the following nomen-
clature, with no priority sequence:
(a) command, control, commu-
nications, computing, intelli-
gence, surveillance and recon-
naissance; (b) combat perfor-
mance; (c) naval, air force and
marine platforms; (d) operation-
al environment; (e¢) chemistry,
radiology and explosives; (f) cy-
ber defence and security; and (g)
nuclear and energy.

The definition of a modern
ST&I strategy 1s combined with an
effort to rationalize the use of the
Navy’s human and material resourc-
es, which resulted in the creation
of the General Directorate for Nu-
clear and Technological Develop-
ment of the Navy (DGDNTM),
encompassing the nuclear, science
and technology sectors. This or-
ganizational change was preced-
ed by a study of the organization-
al structures of many institutions,
such as the other security forces,
Petrobras, Embrapa, Office of Na-
val Research (ONR, from the
United States) and Direction
Générale de ’Armement (DGA of
France).

The DGDNTM nuclear and
submarine project sectors are lo-
cated at the Navy Technology
Centre in Sio Paulo (CTMSP),
one part in the University of Sio
Paulo (USP) campus, and the oth-
er partin the Aramar Nuclear In-
dustrial Centre (CINA) in Iperd,
120km from the capital. The
CTMSP headquarters in USP
holds the project and offices of

the Submarine Development Cen-

The Navy has permanent
offices for prospecting

technology in Brazilian public

universities, with which it
maintains very important

partnerships.

tre (CDS), as well as the testing
laboratories of the Navy Nuclear
Development Board (DDNM).

At the CDS, the French tech-
nology of submarine construction
is assimilated and put into practice
in the projects; at the DDNM, the
Nuclear-Electric Power Genera-
tion Laboratory (Labgene) project
is being developed, and its facili-
ties are being builtin Aramar. CI-
NA acts on the uranium enrich-
ment part and the production of
fuel elements from the nuclear fu-
el cycle. To that end, CINA in-
cludes the Uranium Hexafluoride
Plant (Usexa), the Isotopic Enrich-
ment Laboratory (LEI), the Ma-
terials Laboratory (Labmat) and
the Laboratory of Testing of Pro-
pulsion Equipment (Latep), in ad-
dition to the Labgene.

The other ST&I activities are
concentrated in the Rio de Ja-
neiro Navy Technology Centre
(CTMR]), composed of three re-
search institutes: the Centre for
Naval Systems Analysis (CASNav)
and Navy Research Institute (IP-
gM), in the city of Rio de Janei-
ro, as well as the Institute of Ocean
Studies Almirante Paulo Moreira
(IEAPM) in Arraial do Cabo.
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In addition to the two centres,
the DGDNTM incorporates the
General Coordination of the Nu-

clear Propulsion Submarine De-
velopment Program (COGESN)
and the Naval Agency for Nucle-
ar Safety and Quality (AgNSNQ),
the first one in charge of the con-
struction of a submarine with nu-
clear propulsion (SN-BR) and the
second one is responsible for its
licensing and inspection. The
DGDNTM is also responsible for
two strategic programs of the Na-
vy and the country: the Subma-
rine Development Program (PRO-
SUB) and the Navy Nuclear Pro-
gram (PNM), State programs with
huge technological impact.

This article is structured as fol-
lows: in section 11 we will present
some products developed in the
technological centres of the Navy
that have been successtully tested
and used; in section III we will ap-
proach PROSUB, which is about
to complete the construction of its
first conventional submarine; Sec-
tion IV will describe the PNM,
since its creation; and we will con-
clude with the final considerations.

Successful projects

Several successful Navy ST&I proj-
ects are examples of the use of the
“triple helix” model, as they in-
volve partnerships among univer-

sities, Navy science and technol-
ogy institutions, companies and
government sectors. They result-
ed in products — some of which
are tradable — that have met the
demands of the Brazilian Navy.
Partnerships with universities
have been very important for the
Navy, which set up and maintains
technological prospecting offices
in four of them: UFR]J, UFF,
FURG and USP. Established about
sixty years ago, the latter represents
the oldest partnership with aca-
demia and remains in force with
the creation of the first naval en-
gineering course in Brazil.
Among the successes, the car-
bon fibre production project used
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in ultracentrifuges, developed in
the CTMSDP, is especially import-
ant. Through the development of
these carbon-based materials, ul-
tracentrifuges designed by the
Brazilian Navy can operate with
high efficiency and safety. Thanks
to the dominance of the carbon
fibre production process, the Bra-
zilian Nuclear Industries (INB)
already operates seven ultracen-
trifuges cascades manufactured
in the country, supplied by the
Navy. CTMSP itself is also a us-
er of this material in its cascades
to produce the LABGENE fuel
and, in the future, the nucle-
ar-powered submarine (SN-BR)
to be built under PROSUB. The
development of special alloys al-
lowed the fabrication of several
metallic parts, used in the nucle-
ar technologies employed in the
CTMSP.

The project of sensors for
monitoring the electromagnetic
spectrum and the detection/clas-
sification of radar emissions from
aircraft and vessels (MAGE), de-
veloped by the IPgM, provided
the Navy with an electromag-
netic spectrum monitoring sys-
tem that can detect many types
of threats during operations, such
as hostile broadcasts and ap-
proaching radar-guided missiles.
The MAGE “Defender” is in-
stalled aboard escort ships and 1s
constantly evolving. Brazilian
industry received the technolo-
gy to build the hardware and
supply the equipment to the Bra-
zilian Navy, which remains re-
sponsible for the software and
the embedded intelligence.

The design of electromagnet-
ic radiation-absorbing materials

Brazil has developed
its own technology
to monitor maritime
areas of interest,
where it can be
used in search and
rescue operations,
and combating
illegal fishing and
contraband.

for radar camouflage (also of the
IPgM) reduces radar reflection of
ship structure parts, thereby in-
creasing their stealth. Developed
initially as paints, these materials
are produced in Brazil and are
part of the painting scheme of the
periscopes of the Tupi-class sub-
marines, operated by the Brazil-
ian Navy. At the IPqM, the de-
velopment of these materials con-
tinues with the search for
absorption in different bands of
the electromagnetic spectrum and
its utilisation in different venues,
such as plates and elastomeric
sheets that will allow of applica-
tions in structures with larger di-
mensions.

The project of tactical control
systems for naval operations of
the SICONTA family — now in
operation in the Brazilian Navy
— was born from the work of the
IPgM. Its development was based
on simulators for the tactical train-
ing of the students of the Almi-

rante Marques de Leon Training
Centre (CAAML). It is a com-
prehensive surveillance system
that presents to the operator the
tactical picture of the maritime
arena where the naval environ-
ment is located, thereby provid-
ing maritime situational awareness
and allowing network-centric op-
eration when tactical information
is shared by more than one ship.
In addition to the technology
transfer to Brazilian industry (the
current system supplier to the Bra-
zilian Navy), the continuous de-
velopment of SICONTA resulted
several derivative products, such
as the Centre for the Integration
of Sensors and Electronic Navi-
gation (CISNE) and the System
of Tactical Simulation and Train-
ing (SSTT), which today is in
its third version. These systems
can operate interconnectedly in
real time.

The Maritime Traffic Infor-
mation System (SISTRAM) is
intended to monitor vessels in ar-
eas of interest and may be used
for many purposes. Itis a tool de-
veloped by CASNAV to support
decision-making in search and
rescue operations (SAR), which
can be used to monitor illegal
fishing and combat piracy, drug
and gun trafficking. SISTRAM
1s compatible with other existing
systems in the world, allowing
quick localization and activation
of nearby vessels in case of mar-
itime emergency. Its flexibility
allows data to be fed from various
sources according to the available
communication network. It is
composed of a geo-referenced
viewer, a management module
and a data analysis module.
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IEAPM developed a natural bio-
cide-based anti-fouling paint. The proj-
ect was started with the collection, iden-
tification and extraction of substances
from marine organisms in Arraial do Ca-
bo (R]) and subsequent test of their an-
tifouling activity in the laboratory and
in the field, which was a joint work be-
tween the Federal Fluminense Univer-
sity (UFF) and the IEAPM. The sub-
stances with the best performance were
selected to be synthesized in a laboratory
of the Federal University of Rio de Ja-
neiro (UFR]J). The production process
has already obtained a patent in the Unit-
ed States and the paint is being produced
in Brazil by domestic industry.

It is clear to see that all the projects
described benefited from the existence
of a scientific-technological communi-
ty — both in the Navy and beyond — as
well as from a Brazilian industrial base.
This is the result of years of investment
in the education of qualified staffin the
various areas of ST&I.

The Submarines
Development Program

The Navy started submarine operations
in 1914. Since Brazil did not yet have the
technology to build these complex naval
vehicles, the first submarines were Ital-
ian. Subsequently, the Navy operated
American submarines of the Guppy class
and British ones of the Oberon class.
The construction of submarines in
Brazil began with the Navy Refurnish-
ing Program (PRM) in 1979, which opt-
ed for the German IKL 209-1400. Tupi
— the name of a submarine class — was
built in Germany with the participation
of Brazilian engineers who acquired the
technology involved. The other subma-
rines of this class were built in Brazil:
Tamoio, Timbira and Tapajo, followed
by the Tikuna — the name of a class that

incorporated a series of innovations pro-
posed by the Brazilian engineers. All of
them continue in operation.

With the transfer of the German tech-
nology of the IKL, several Navy engi-
neers acquired the necessary basis for
designing and constructing submarines,
a task of high technological complexity,
as can be seen in the chart. This base
allowed the development of two classes
of domestic submarines: S-NAC I (con-
ventional) and S-NAC II (nuclear). In
1990, due to unavailability of resources,
the S-NAC program was paralyzed.

The difficulty level of building a nu-
clear submarine is shown in figure 2.

The Figure does not include the pro-
cess of obtaining the nuclear fuel, the
cycle of which the Brazilian Navy also
had to master, since it is not a commer-
cialized material.

In order to overcome difficulties in-
herent to the design and construction of
the nuclear submarine, the Navy chose
a conventional foreign submarine proj-
ect that could transfer the technology to
build the hull of a submarine capable of
receiving a nuclear reactor, the SN-BR.
With the agreement and strategic part-
nership with France since 2008, this
transfer is happening to the non-nucle-

ar area of the SN-BR. In January 2017,
the basic SN-BR project was finalized
and later certified by French assistance.
Currently, the project of the submarine
is in the detailing phase.

A metal structures manufacturing
unit (UFEM) and a construction (ESC)
and maintenance (ESM) shipyards were
created in Itaguai in the area of PRO-
SUB. In order to execute the agreements
signed with France, the Itaguai Special
Purpose Company for Naval Construc-
tions (ICN), which manages UFEM and
ESC, was established. UFEM, a neigh-
bour of NUCLEP (the company in
charge of constructing the sections of
the submarine hulls), is responsible for
completing the submarine hull sections
with the most diverse equipment. Its
construction began in 2010 and it start-
ed operating two years and eight months
later. Responsible for integrating the
sections, the construction shipyard (ESC)
was started in 2009 and began opera-
tions in early 2018.

Currently, about 1,150 people work
in the ESC. Only six of them are
French; the others are Brazilian. The
first conventional submarine, Riachue-
lo, was transferred to the ESC in the
beginning of 2018. On February 20,

Figure 2 | Submarine construction | complexity curve
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The submarine

program has
acquired modern
shipbuilding
technologies and
domestic equipment
and systems.

the integration of its sections be-
gan, a very important milestone
for the project.

The training of the Riachuelo
crew has already started and the
launching of the ship is scheduled
for December 14, 2018. In May
2019, the second submarine, Hu-
maitd, will be transferred to the
ESC for the integration of its sec-
tions. The sections of the third
one, Tonelero, and the fourth one,
Angostura, are being prepared at
UFEM.

The program has adopted mod-
ern shipbuilding technologies, as
well as domestic equipment and
systems, advancing several segments

of the domestic industry. Its activ-
ities involve 23 universities and re-
search institutions, in addition to
nine hundred companies, generat-
ing 8,000 direct jobs and 17,000
indirect ones (Figure 3).

Regarding technological ben-
efits provided by PROSUB, sev-
eral equipment and systems of fu-
ture use by the Riachuelo class
submarines can be mentioned, all
of them produced by Brazilian
companies:

B navigation, steering, combat
system and integrated platform
management system consoles

(IPMS);

PolitiKa
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B sonar system cabinets, the main
sensor of the submarine;

m thrust bearing (mechanical in-
terface that transmits the pro-
pulsion effort from the engine
to the hull);

® main switchboard;

®m mechanical components (hull
valves and actuators);

m various electrical and electro-
mechanical components (pumps,
electric motors, converters, ca-
bles and batteries).

Benefits can go beyond those
mentioned, since the domestic
content limit has not yet been
reached. There are other project
proposals in the same situation.
The criteria, requirements and
qualification required are within

the reach of the Brazilian indus-
try, with cases of export of mate-
rial for other applications in the
French partner company in the
program. Finally, the nationaliza-
tion achieved by Brazil in the con-
struction of the conventional sub-
marine will benefit SN-BR.

The Navy Nuclear Program

The Navy’s interest for the nu-
clear sector was aroused by the
involvement of Admiral Alvaro
Alberto with the generation of
energy from the fission of heavy
nuclei, a process he had followed
up since it was introduced in the
1940s.

A chemical engineer and ex-
plosives expert, an area where he

made interesting discoveries, he
was a Naval School teacher for
several years. There he presented
the challenges of the nuclear seg-
ment to the students and deepened
the subject, until becoming a Bra-
zilian representative and president
of the newly created United Na-
tions Atomic Energy Commission
(UNECE) for two periods from
1946 to 1948.

Convinced that Brazil would
have to develop capabilities to reap
the benefits of the newly arising
nuclear technologies, Admiral Al-
varo Alberto proposed the creation
of the National Council of Re-
search (CNPq) — currently the Na-
tional Council of Scientific and
Technological Development — to
the National Congress through
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[he role of the Brazilian Navy

the Brazilian Academy of Scienc-
es (ABC) in 1946. The CNPq was
founded in 1951, training and sup-
porting researchers from the most
diverse areas ever since. Alvaro
Alberto was its first president, from
1951 to 1955.

His prestige among scientists
led him to preside ABC in the
1935-1937 and 1949-1951 bien-
nia and to contribute decisively
to the creation of the National
Commission of Nuclear Energy
(CNEN) in 1956. It is by no co-
incidence that CNPq has named
the nation’s highest science prize
after him, recognizing the out-

standing and pioneering role he
has played.

In 1954, Admiral Alvaro Al-
berto brought in the first three ul-
tracentrifuges for isotopic separa-
tion of uranium, precursors of the
modern ultracentrifuges developed
and used by the Navy and the Bra-
zilian Nuclear Industries (INB) in
the uranium enrichment process.
Years later in 1979, the Navy start-
ed a re-equipment program that
included procuring a nuclear-pow-
ered submarine, which led it to
engage in a project to dominate
the nuclear fuel cycle and another
one to build a nuclear reactor.

The Navy's Nuclear
Program has provided
access to previously
inaccessible strategic
technologies and
created partnerships
with universities

and companies.

Figure 3 | Riachuelo submarine’s parts being integrated in ESC | Photo dated June 2018

e

T
=
™
|

By

"; lli:l_ hl-

-
Ry - &

“y




science and defence

In 1981, a partnership with the
Nuclear and Energy Research In-
stitute (IPEN), currently a CNEN
institute, located on the USP cam-
pus, led to the creation of the afore-
mentioned CTMSP, thereby cre-
ating a lasting collaboration be-
tween these institutions. As a
result, it was possible to design and
construct a zero-power research
reactor completed in 1988, a year
in which the country mastered the
nuclear fuel cycle, which was ex-
tremely necessary to support the
various technologies that compose
the Brazilian Nuclear Program.

To complete the cycle, it was
necessary to master the technolo-
gy of obtaining uranium hexaflu-
oride and to enrich the isotopic

uranium on laboratory scale with

centrifuges built entirely in Bra-
zil. While uranium prospecting
and mining are under the respon-
sibility of the Brazilian Nuclear
Industries (INB), the Navy is re-
sponsible for converting processed
uranium into uranium hexafluo-
ride gas, which is enriched by ul-
tracentrifugation and converted
into fuel pellets (Figure 4).

The ultracentrifugation en-
richment technology, combined
with magnetic levitation, provid-
ed the construction of the seven
cascades of ultracentrifuges of
INB. An eighth cascade is about
to start operations and two other
ones will be delivered by 2021.
Thirty other cascades are planned
to be delivered by 2030. They will
allow for supplying fuel for our

nuclear power plants — currently
only partially supplied —as well as
for exporting fuel.

As part of the Navy’s Nucle-
ar Program, CTMSP is building
onshore the prototype of a reac-
tor and a naval propulsion plant
at the Nuclear-Electric Power
Generation Laboratory (LAB-
GENE)*, a crucial development
for the SN-BR,, since the transfer
of hull construction technology
did not include the nuclear pro-
pulsion plant. It will be the first
power reactor in the country, a
pressurized water reactor (PWR),
which will be able to be adapted
for dual use, in a modular way,
providing energy and water via
desalination to remote areas
where there is shortage.




31

VALDENIO VIEIRA/PRL

Figure 4 | Complete Fuel Cycle
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The Brazilian Navy also col-
laborates with CNEN, through
IPEN, in the project of the Bra-
zilian Multipurpose Reactor
(RMB), designed to produce ra-
dioisotopes and radiopharmaceu-
ticals to irradiate and test materi-
als. This project is of great interest
to the Brazilian society, as it will
meet the needs of radiopharma-
ceuticals used for diagnosis and
treatment in nuclear medicine. In
addition, it will provide neutron
radiation beams for research, de-
velopment and testing of materials.

Final considerations

The mentioned examples high-
light the commitment of the Bra-
zilian Navy to the use of science,
technology and innovation in the
improvement of its capacity to act
in the defence of the country. Such
a commitment provides addition-
al benefits for the Brazilian soci-
ety, as we have seen, since it can

lead to dual technologies with a
wide range of application.

In several projects aimed at
training, materials and equipment
of interest to the Navy, the im-
portance of the interaction with
universities, research centres and
technological institutes, as well as
association with corporations, is
highlighted. Programs such as
PROSUB and PNM use the coun-
try’s existing scientific-technolog-
ical base. On the other hand, the
demands of such programs lead
the scientific community to over-
come new challenges, thereby con-
tributing to the advancement of
ST&I in Brazil and its greater dis-
semination to society at large.

Conducted with great trans-
parency under national and inter-
national safeguards, the Navy’s
Nuclear Program 1s a great exam-
ple of'a national strategic program
that seeks to provide Brazil with
a submarine with nuclear propul-
sion. It has led us to master the

nuclear fuel cycle; to develop pre-
viously inaccessible technologies;
to create the conditions for con-
structing the first modular power
reactor through pressurized water
with possible dual applications;
and to collaborate with other stra-
tegic initiatives in the nuclear sec-
tor, such as the Brazilian Multi-
purpose Reactor.

As we have seen, the absorp-
tion of technology provided by
PROSUB has allowed partner-
ships with dozens of universities
and hundreds of companies, gen-
erating jobs that contribute to the
economic dynamism in the regions
around CINA in Iperé and EBN
in Itaguai. This absorption process
allows new developments and
opens the prospect of partnering
with other naval construction proj-
ects that will use the complex,
modern and sophisticated infra-
structure that has been created.

The science, technology, in-
novation and scientific-techno-
logical capacity of our Navy and
our people are precious assets for
sovereignty and security, essential
to the well-being of the popula-
tion, Brazil’s progress and the
guarantee of a promising future
for the generations to come. m

Notes

1. Estratégia de Ciéncia, Tecnologia e
Inovagio da Marinha — EMA 415

2. Estratégia Nacional de Defesa (END)
— Versio 2016.

3. Model created in 1990 by Professors
Henry Etzkowitz and Loet Leydesdorff.

4. Concept determined by the United States
Department of Defense, which estab-
lishes an increasing scale of technolog-
ical readiness from 1 to 9.
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THE BRAZILIAN AIRCRAFT CLUSTER

and the innovation system
of Sao José dos Campos




The construction of an aircraft industry is a long-term project that requires the participation of governments,
private companies and academic centres of excellence. Since the 1940s, training and research institutions
linked to the Brazilian Air Force have formed generations of specialists who have designed and produced

state-of-the-art technology that enhances the country’s export agenda. Embraer produces sustainable trade

surpluses, employs around 17,000 Brazilians and generates orders for one hundred other companies with a
high density of skilled labour that operate around it. The region of Sao José dos Campos (SP) is world
famous for the importance of the aerospace industry.

With Embraer as an emblem, the
Brazilian aircraft industry is of-
ten referred to as a success story
of industrial policy. The impor-
tance that companies, research
and teaching institutions and oth-
er entities — both public and pri-
vate and civil and military — had
in this success are reflected in the
establishment of an important
production hub in Sio José dos
Campos (SP) and in its impact on
the regional innovation system
(IS), which is considered an ex-
ample throughout Brazil.

This productive, scientific and
technological cluster started at
the beginning of the 20th centu-
ry with isolated and poorly coor-
dinated initiatives that had insta-
ble public funding. It was clearly
redirected in the 1940s, when the
aeronautical science and tech-
nology (S&T) facilities were es-
tablished. Since then, a series of
events strengthened sectorial and
regional capacities, establishing
the current base.

This article presents a system-
atic analysis of these capacities
through historical observation,
considering the current structure
when focusing on the agents of
the innovation system and its in-
teractions. In addition, we will
observe other aircraft clusters
around the world that can be com-

pared with that of Sio José dos
Campos. Initially presenting a
conceptualization of innovation
systems, the analytical importance
of sectorial clusters becomes clear,
showing how they have close links
with the regional capacity of in-
novation systems. Then, we pres-
ent the historical evolution of the
Brazilian aviation cluster to the
present day, including comments
on international cases. In conclu-
sion, the article points out the
potential and challenges of sec-
torial and regional development
that must be faced.

Innovation Systems

As the process of technological
innovation contributes to the con-
struction of a strategy of econom-
ic development and social pros-
perity, the effectiveness of the
virtuous economic cycle is am-
plified by the greater articulation
and integration of the individuals,
organizations and sectors which
take part in it — especially from
academia, government, and pri-
vate enterprise. It is in this con-
text that productive, collabora-
tive, innovation clusters or inno-
vation systems are arranged, as
described below.

Innovation systems engage ac-
ademia, government and private

Thiago Caliari

Technological Institute of
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enterprise in cooperative and
competitive relationships — the
so-called coopetition — within de-
fined geographical spaces in cer-
tain economic segments and in
specific areas of scientific and
technological knowledge and
their respective applications
(Freeman, 1992; Malerba, 2002).
In general, the geographical de-
limitation of an innovation sys-
tem (Cooke, 2001; Florida, 1995)
provides benefits in the form of
agglomeration economies, as foreseen

by Alfred Marshall. They derive

from the joint operation of cen-

tral companies in a specific in-
dustry or sector, and from the
operation of their upstream and
downstream vertical value chains
that are related to and integrated
with these central companies.

In this context, there are also
organizations supporting central
enterprises and their value chains
(i.e. public and private institutions
for teaching, research and devel-
opment, innovation and finance)
and institutions focused on col-
laboration and on addressing eco-
nomic and social challenges (i.e.
government agencies, competi-
tiveness centres, technology hubs,
incubators, consortia, and trade
and industrial professional asso-

ciations, among others) to pro-

mote collaboration and stakehold-
er interests.

Innovation systems are also
related to horizontal and/or ver-
tical industrial chains, together
with other segments of compe-
tence and economic activity, with
which a given cluster maintains

interfaces. Producers of new ma-
terials, for example, can supply
them to both aviation and auto-
motive innovation clusters. This
is precisely the example of the
positive externalities existing in
the innovation system of S3o José
dos Campos, which was drafted
with the central participation of
the aeronautical and aerospace
sectors. In the course of this ar-
ticle, we will highlight the air-
craft sector and its importance for
the region.

The evolution of the

$a0 José dos Campos
innovation system and
the impact of the Brazilian
aircraft cluster

Establishing an innovation system
in S3o José dos Campos is inti-
mately connected with the evo-
lution and consolidation of the
Brazilian aircraft industry. It is
important to understand the his-
tory of this science, technology
and innovation complex, as well
as the development of the agents
within this ecosystem. We high-
light the timeline of the aircraft
industry in Brazil, observing three
periods:

The pre-initial phase

This phase occurred in the pe-
riod between the 1930s and the
creation of the Space Technol-
ogy Centre (CTA) and the Aero-
nautical Technological Institute
(ITA) in the second half of the
1940s. It was marked by vision-
ary entrepreneurial initiatives,
such as the first plane produced
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on an industrial scale (Muniz
M-7), made by the National Air
Navigation Company (CNNA)
in 1936. Henrique Lage, owner
of CNNA, had been trying to
develop a domestic plane since
1921, but his efforts were only
successful in the government of
Gettlio Vargas, after the creation
of the Civil Aviation Depart-
ment (DAC) and the Technolo-
gy Research Institute (IPT) of
the State of Sio Paulo. This
movement was guaranteed by
government demand (airplanes
were purchased by the Ministry
of War for military and naval
reasons) and scientific and tech-

nological support for the devel-
opment of the Muniz M-7. Fur-
thermore, the development of

ALDO BIDINI/CREATIVE COMMONS

the HL-1 and HL-6 aircrafts,
built by CNNA, also had the
demand of the Ministry of Aero-
nautics (Bertazzo, 2003), as lat-
er would happen with the Ban-
deirante and Embraer aircraft.
At the same time, the other
private initiatives sought to de-
velop domestic technology. There
were emblematic cases such as
the Paulistinha CAP-4 and Plan-
alto CAP-1, produced by the Pau-
lista Aeronautical Company of
the Pignatari Group, which also
had the IPT-USP participation
in the development of various
aeronautic parts. Moreover, the
government sought the consoli-
dation of domestic production
and technology by creating the
Study Committee for the Instal-

They are great barriers of
entry for new players in

the aircraft industry. Few
countries have managed to
take part in this select club
where remaining a member
is a permanent challenge.
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lation of an Aircraft Factory (Cei-
fa) in 1932.

The beginning of World War
Il hampered the alliance that was
being formed with Germany (Fo-
cke-Wulf 44 training aircraft and
Focke-Wulf 58 bombers would
be produced), to use the Galeio
Factory for the production of the
Fairchild M-62A Cornell (220
units were manufactured between
1942 and 1952) (Bertazzo, 2003).
The IPT-USP also participated
in this case, developing domestic
components that were inserted in
the aircraft over time.

In 1936, the Brazilian Army
moved to establish the National
Engine Factory (FNM), benefit-
ing from a loan from the United
States government and an inter-
national agreement with the
Wright Aeronautical Company.
Unfortunately, the delay in pro-
duction (which only began in
1946) and its high implementation
costs led the enterprise to failure,
and it was transformed into a truck
factory (Bertazzo, 2003).

In addition to the production
initiatives, the federal govern-
ment’s strategy in training human
resources consisted in periodical-
ly sending Brazilian engineers to
courses abroad and inviting for-
eign teachers to give courses in
Brazil. These initiatives, howev-
er, did not constitute a State pol-
icy. They were commonly linked
to luck and the political motiva-
tion of the ruling government.
With the change of government
in 1945, a more liberal econom-
ic policy was put into practice by
General Eurico Gaspar Dutra.
The plans to develop a domestic
industry were abandoned.

These experiments were based
on good intentions, although not
sufficiently coordinated to estab-
lish relationships among import-
ant agents of an innovation sys-
tem. Most of the time, companies
established strategies for produc-
tive verticalization, but the com-
plexity of the aeronautical systems
imposed technical and economic
constraints on project continuity.
Most of the Brazilian projects
were related to the licensing of
foreign technologies or the adap-
tation of projects, besides being
designed by foreign engineers.
The IPT-USP was the only im-
portant case of the association
between science and technology
with its simple experimental air-
craft (Sarti and Ferreira, 2012)".
These problems, in addition to
the business strategy mistake (op-
erations in the same market niche
or in segments with low domes-
tic demand and low technological
capacity) are highlighted as gross
failures by Silva (2008).

Furthermore, access to avia-
tion war surpluses allowed Amer-
ican airplanes to enter the market
at reduced prices, impacting the
efforts to develop domestic com-
panies.

The catching up phase

The creation of the Brazilian Air
Force (FAB) in 1941 and the es-
tablishment of the CTA six years
later, thereby defining the Insti-
tute of Research and Develop-
ment (IPD) and an engineering
training school (ITA), were the
starting point of this phase,
marked by the implementation of
the Smith Plan,? modelled after
the Massachusetts Institute of

Technology (MIT), which estab-
lished the design of the CTA and
its institutes. I'TA became a bench-
mark in engineering education,
including aeronautics. It was also
the source of several national pri-
vate companies created in the fol-
lowing decades by its alumni, such
as Embraer, Avibras, Esca, Tec-
nasa and Mectron, among others,
besides being the main supplier
of skilled labour for the IPD (Ber-
nardes, 2000, with authors’ ad-
ditions). The success of this sci-
entific and technological base was
followed by the establishment of
an institution for certification and
promotion of the acronautical in-
dustry: the Institute of Promotion
and Industrial Coordination
(IFI)*. It was also within the scope
of the CTA, which soon became
an entity of support to the devel-
opment of the production base
for the aircraft industry. With the
increased capacity of the IPD, it
became necessary to create spe-
cializations in research and de-
velopment. It was separated from
the Institute for Space Activities
(IAE) in 1971 and the Institute
for Advanced Studies (IEAv) in
1982, followed by the creation of
the Advanced Studies Laboratory
(LEA).

In the late 1960s, the CTA/
IPD was the starting point for the
development of the EMB-110
Bandeirante and the creation of
Embraer. The institution was the
provider of technical training and
human resources for the compa-
ny in the 1970s. The creation of
Embraer, a state-owned compa-
ny, faced the challenges and risks
inherent in the production of
highly complex technological as-
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Federal funding agencies like

BNDES and Finep contributed about
809% of the resources for research

and development. Without them,
the Brazilian aircraft industry

would not even exist.

sets in an emerging environment that had faced
serious business and technological problems in a
recent past (Cabral, 1987; Ferreira et al., 2009;
Francelino, 2016).

This national technical and managerial capac-
ity 1s a determining factor in the company’s suc-
cess, but it is also important to highlight the rel-
evance of having established the regional market
niche as a business strategy. This is important be-
cause it involves reducing barriers-of-entry into
production, the access to a market that did not
have clear competitors, and the match with gov-
ernment demand that is crucial as the first impe-
tus for production. The government ordered the
first EMB-110s and the Ipanema aircraft to the
Ministry of Agriculture and obtained the licens-
ing of the production of the MB-326G from the
Italian company Aermacchi (known as AT-26
Xavante).

During this period, the establishment of tech-
nological partnerships with Embraer’s military
developments (AT-26 Xavante and AMX) was
also fundamental to improving the industrial pro-
cesses for commercial airplanes, due to the dual-
ity of technology shipped in these types of prod-
ucts (Cabral, 1987; Francelino, 2016). For the
AMX, the Complementary Industrialization Pro-
gram (PIC) was created in order to qualify Bra-
zilian companies to produce certain strategic
items, considering technical training, machine
and equipment acquisition, testing equipment,
laboratories, services and technological assistance*
(Francelino, 2016, p. 156/158) with an expendi-

ture of around US$ 600m, as measured by Fer-
reira (2009) in 2009. However, Silva (2008) harsh-
ly criticizes the program, saying that opting for
technology imports would have been a mistake,
since such a transfer to the limited Brazilian mar-
ket in terms of size and income was not a recog-
nized strategy according to the transnational cor-
porations. This criticism remits to Ozires Silva’s
own experience in the development of Embraer,
which was developed by acquiring its own pro-
ductive capacities and technological know-how
(Dagnino, 1993). Despite the criticism, it is im-
portant to highlight that the PIC provided train-
ing for several Brazilian companies, which be-
came major players in the aecronautical sector, such
as Acromot in Porto Alegre. Moreover, Franceli-
no (2016) points out the benefits of the program,
including the improvement in the certification
capabilities for aeronautical products of greater
technological complexity.

During the period, the federal government’s
efforts to provide the necessary guarantees for
sectorial financing were also well known, main-
ly through the National Bank for Economic and
Social Development (BNDES), the Financier of
Studies and Projects (Finep) and other research
and development agencies (Ferreira, 2009). The
EMB-312 Tucano project, the first civilian pur-
chases for the Bandeirante EMB-110, finance of
foreign private entities to purchase aircraft and
aid in international certification were often fund-
ed by state agencies and banks. Until the 1980s,
the public sector was the main source of resourc-
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es for research and development
for the industry, something
around 80%, as shown by Ber-
nardes (2000).

The same author highlights
the importance of these actions
for the creation of the technolog-
ical infrastructure of in region of
S0 José dos Campos, as well as
for generating economies of learn-
ing and productive and techno-
logical externalities, turning the
region into an important hub in
the 1970s and 1980s. In addition,
the action of the State was essen-
tial to establish the bases of the
sector and, consequently, of the
region. As Pietrobelli and Rabe-
lotti (2009) point out: “Develop-
ing countries need to build the
initial base of their capacities, sup-
porting their learning processes;
their markets and supporting in-
stitutions are less developed and
therefore less responsive to busi-
ness needs; clusters and informa-
tion networks are weaker; the
macroeconomic scenario for in-
dustrial and technological activ-
ity is less favourable; the entre-
preneurial ability to withstand the
technological risk may also be less
developed; and the financial sys-
tem’s conditions are less likely to
support such an effort” (Pietro-

belli; Rabellotti, 2009, p. 217).

The post-privatization phase

to the present

The privatization of Embraer in
1994 marks the third phase of the
national aircraft industry. The
change of ownership was related
to limitations in the state gover-
nance structure, restrictions in
the federal budget and the end of
the life cycle for the company’s

main products. The creation of
financial and technological in-
centives for this process marked
the initial stage with the devel-
opment of the first regional air-
craft project of the ER]J family
(ERJ-145). The new controlling
shareholder, the Bozzano-Simon-
sen Group, provided funds to
complete the development of this
aircraft, which had been started
prior to privatization. To deal
with internal financial difficul-
ties, Embraer started a kind of
relationship with suppliers — the
strategic partnerships — which lat-
er became a standard in the glob-
al aviation industry.

It is worth highlighting the
global character of the aircraft
industry, which involves complex
arrangements of productive, tech-
nological and commercial activ-
ities. Typically, the leading com-
panies (those integrating projects
and assembling the final product)
benefit from the productive, tech-
nological and scientific hubs
around the world, exploiting
economies of their partner com-
panies in a well-connected glob-
al value chain (Bernardes, 2000;
Sturgeon et al., 2013). In this con-
text, Embraer’s main suppliers
were already foreign companies.
By establishing strategic partner-
ships, this pattern was maintained.
This type of partnership was a
success and continued to be used
for subsequent models of the ER]
family.?

The E-Jet family raised Em-
braer to a level of significant in-
ternational competition. Today,
it 1s the leading regional jet air-
line in the world and has been
supplying the market with the

The aerospace complex
includes the development
of complementary
technologies, such as
radars and flight protection
systems, which are
essential for air traffic
control and defence.
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second generation of the family:
the E2 (EMB-175-E2, EMB-
190-E2 and EMB-195-E2) (Vin-
holes, 2017).

In addition to the successtul
engineering and production ca-
pacity of the main national com-
pany, efforts have been made in
the recent years to increase the
structure of support to innovation
in the region, as shown by the
number of agents participating in
the innovation system in S3o José
dos Campos. In this municipali-
ty, since the implementation of
the CTA, the ITA and the IPD,
alocal innovation system has been
established and expanded, based
on the tripod represented by ac-
tivities of teaching, research and
development, as well as industri-
al fostering. The country’s goal
was to master the full cycle of
acronautical technologies, with
emphasis on the training of qual-
ified human resources and the
autochthonous development of
aeronautical technologies embod-
ied in civil and military products.

Over time, the development
of this innovation system has re-
ceived funding, initiatives, incen-
tives and resources derived from
policies, plans and programs of
the federal government, the gov-
ernment of the state of Sio Pau-
lo and the municipality of S3o
José dos Campos.

The basis of this innovation
system is anchored on the impor-
tance of its main company, Em-
braer, and in the activities of the
Department of Space Science and
Technology (DCTA), an entity
of the Aeronautic Command and
of the National Institute of Space
Activities (INPE), created by ITA

alumni. Furthermore, the Aero-
space and Defence Productive Ar-
rangement is also located in S3o
José dos Campos, consisting of
about sixty companies which take
part of the supply chain of Em-
braer.

Together, the CTA’s (current
DCTA) engagement with teach-
ing, research and development,
innovation and industrial devel-
opment activities, with emphasis
on aeronautics, space and defence,
has also contributed to the devel-
opment of complementary tech-
nologies necessary for the oper-
ation of airways, such as radars
and flight protection systems,
which are essential for the devel-
opment and operation of integrat-
ed defence systems and air traffic
control. It is important to point
out that the Air Space Control
Institute (ICEA) and the educa-
tion, research and development
unit of the Air Space Control De-
partment (DCEA), which also
belonging to the Aeronautic
Command, are all located with-
in the DCTA campus.

DCTA’s activities had over-
flowing eftects with the develop-
ment of technologies applied to
other sectors besides acronautics
and space. Among them are tech-
nologies that contributed to the
implementation and development
of the National Alcohol Program
in the mid-1970s to replace gas-
oline with ethanol in automotive
vehicles and innovative products
for other sectors, such as voting
machines.

The municipal high school and
college education segments ben-
efited from the presence and per-
formance of DCTA and its insti-

tutes, which helped to establish
organizations such as the Valep-
araibana Teaching Foundation,
the Everardo Passos Technical
School (ETEP) and the School of
Industrial Engineering (EEI). In
addition, the federal and state gov-
ernments implemented new ed-
ucational agents, the main uni-
versities being Unesp (Sio Paulo
government) and Unifesp (federal
government), as well as Fatec.

Entities aimed at promoting
the integration of the aeronauti-
cal organizations, such as the Bra-
zilian Aerospace Industry Asso-
ciation (AIAB) founded in 1990,
have acted as important stake-
holders in this sector in different
tields and among government and
private-sector entities as well.
Furthermore, the 2000s saw the
Technology Cluster of S3o José
dos Campos and the Centre for
Competitiveness and Innovation
of the Cone Leste Paulista (Cecom-
pi)” inaugurated. The municipal-
ity also has the Technology Hub
of the University of Vale do Parai-
ba, whose current dean has al-
ready been the dean of ITA.

The creation of Cecompi and
the Technology Hub of Sio José
dos Campos was a political stra-
tegic vision that established the
importance of the municipality
to deepen its position in the aero-
space and defence sectors and to
establish and occupy prominent
positions in new sectors, such as
information and communication
technology, energy, biotechnol-
ogy, health, environment and
public safety, among other fu-
ture-bearing topics.

Both hubs host domestic and
foreign companies of the most
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diverse productive segments. The
Brazilian aerospace cluster, which
is the executing institution of the
Aecrospace Sector Project of the
Brazilian Agency for the Promo-
tion of Exports and Investments
(Apex) and the Brazilian Agency
for Industrial Development (AB-
DI), was formed in 2009, bring-
ing together 94 companies from
the acrospace and defence indus-
trial complex (Cecompi, 2017).

The National Civil Aviation
Agency (ANAC) has a regional
unit based in S3o José dos Cam-
pos, which incorporated human
resources and the technical col-
lection accumulated by the In-
stitute of Development and In-
dustrial Coordination (IFI),
Department of Aerospace Science
and Technology, related to the
civil certification of aeronautical
products and services. The cer-
tification of military aerospace
products continues to be carried
out by the IFI.

The S3o José dos Campos in-
novation system also concentrates
most of the scientific, technolog-
ical and industrial development
activities carried out in the space
sector in the country through the
S30 José dos Campos Space Cen-
tre. Although it is not in the scope
of this article, there are some con-
siderations to be made, since it
was constituted with the same
base and presents productive and
technological symmetries.

It is worth mentioning the cre-
ation of the National Institute of
Space Research (INPE) as a stra-
tegic initiative of the federal gov-
ernment from the beginning of
the 1960s in order to engage the
country in space exploration ac-

tivities, as had already been done
by the central countries, such as
the United States, the Soviet
Union, France and Germany.
Around DCTA and INPE, the
Brazilian space industry and its
organizations have been devel-
oped, such as Visiona, Cenic, Or-
bital and Equatorial, among oth-
ers. They participate in the
activities of the National Plan of
Space Activities, whose execution
is coordinated by the Brazilian
Space Agency (AEB). In this case,
unlike the aeronautical centre,
there is a process of induction to
the development of the space in-
dustry, known as forward link-
ages, in which the industry is pro-
gressively expanded, from the
institutions responsible for pro-
ducing the initial stock of knowl-
edge and training. Such institu-
tions, in this case, are the DCTA
and Inpe, which transfer intellec-
tual assets to the private sector.?

Together with the acronauti-
cal and aerospace hubs, a great
number of companies and insti-
tutions have also developed in the
area of defence, as an overflow
from the virtuous cycle. Exam-
ples include Embraer itself; Avi-
bras and its subsidiaries; Engesa’;
Tecnasa'’; more recently, compa-
nies such as Mectron; and Em-
braer subsidiaries, such as Embraer
Defence and Security, Atech and
Bradar. These companies carry
out activities foreseen in nation-
al planning instruments, gathered
mainly in the National Defence
Strategy (END).

International cooperation has
included joint initiatives with in-
stitutions that wish to collaborate
with the innovation system of Sio

José dos Campos, with significant
participation of DCTA, including
ITA and the technology park in
the establishment of partnerships.?

In conclusion, previous state-

ments attest to the importance of
establishing centres linked to DC-
TA and its institutes to promote
productive densification and eco-
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[he Brazilian aircraft cluster and the innovation system of Sao José dos Campos

A large cargo plane
and a new fighter
jet represent

new technological

challenges for Brazil.

nomic development of the region,
favouring the installation in the
municipality of relevant compa-
nies in several technology-based
sectors, such as automotive, tele-

communications, health, electron-
ic, biotechnology, photography,
air conditioning, biotechnology
and oil and gas. Since the middle

of the 20th century, industrial
units of global players such as Gen-
eral Motors, Ericsson, Johnson &
Johnson, National Panasonic,
Philips”, Kodak!, Hitachi, Mon-
santo, Solectron'® and Petrobras
(through its refinery of Vale do
Paraiba) have been established in
the city of Sio José dos Campos.
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9/

Recently, new strategies to
boost and develop the innovation
system of S3o José dos Campos
based on initiatives of the Minis-
try of Defence should be high-
lighted. In recent years, the de-
velopment of the KC-390 cargo
aircraft (Ribeiro, 2017) and the
offset contract for the Gripen NG
fighter (program F-X2) with the
Swedish company Saab have been
the main programs promoting
new technologies and enterprises
in the aeronautical sector.’® The
estimated budget for these pro-
grams is US$ 4.5bn and US$
5.4bn, respectively (Ministry of
Planning, 2014). Since 2005, a
regulation by the Aeronautics
Command (DCA-360/1) estab-
lishes that any importation of
goods or services over US$ 5m
must involve some compensation
agreement for Brazilian compa-
nies, increasing the capacity of the
IFI to make agreements that fa-
vour the domestic industry (Min-
istry of Planning, 2014).

In turn, ITA has been imple-
menting an expansion program
in recent years, which includes an
increase in the number of engi-
neers graduated by the institute.
Next to it is the project to estab-
lish an innovation centre that will
operate on both the DCTA cam-
pus and the S3o José dos Campos
Technology Park and a comple-
mentary training program in in-

novation, already in operation.

Other international
experiences

The experience around the world
has shown that the strategy of
productive and innovation clus-

ters in generating technological
densities is usual among compet-
ing companies of the acronautical
and aerospace industry (Niosi;
Zhegu, 2005). A process of move-
ment can recently be observed,
transferring productive capacities
from developed countries to de-
veloping countries (Niosi, Zhegu,
2010). It is important to observe
other international experiences,
especially in situations compara-
ble to those of the S3o José dos
Campos centre, to clarify ques-
tions about the strengths and chal-
lenges of the region.

Montreal

The most important company of
the Montreal cluster,'” Aéro Mon-
tréal, i1s Bombardier — Embraer’s
main competitor. It was created
in 2006 as a strategic think tank
that brings together the leading
decision makers in the Quebec
aerospace industry, including
companies, educational and re-
search institutions, associations
and unions.

Aéro Montréal adopted a stra-
tegic action plan that includes the
creation of working groups ded-
icated to the following areas: sup-
ply chain development, branding
and promotion, innovation, hu-
man resources, national defence
and security, market development
and trading. This strategic action
focuses on the structural chang-
es of the industry is important to
guide the development of the
companies that operate in the
cluster.

For example, prime contrac-
tors seem to be reducing the num-
ber of suppliers, preferring to
work with a smaller number of

intermediate companies that of-
fer integrated solutions and man-
age subcontractors. As a result,
global supply chains favour the
emergence and development of
integrators capable of designing,
manufacturing and assembling
complete systems. Suppliers of
these chains should refine their
operational practices, increase
their capacity for innovation and
promote partnerships in order to
work together, becoming more
competitive and reinforcing their
positions in the chains.

In addition, Aéro Montréal
established a Value Chain De-
velopment Working Group,
composed of thirteen represen-
tatives of its companies, with the
purpose of supervising the plan-
ning, coordination and imple-
mentation of an action plan to
respond to the main challenges
of subcontracting, to increase
the competitiveness of the sup-
pliers of the Québec acrospace
cluster and to strengthen it in
the face of the international com-
petition.

In general, Aéro Montréal
promotes the growth of the Ca-
nadian acrospace cluster through
the strengthening of synergies,
seeking to maintain the position
it has achieved in the world. It
acts to strengthen and consoli-
date its strategic positioning, pro-
moting the development of mar-
kets for its companies. In this
sense, emerging and niche mar-
kets represent opportunities for
the aerospace sector, as well as
those resulting from the use of
drones and MRO activities
(Maintenance, Repair, and Op-
erations).
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Aerospace Valley (France) and
Netherlands Aerospace Group
(The Netherlands)

Aerospace Valley' supports com-
panies that compete with the in-
novation system of Sio José dos
Campos, such as Airbus, which
recently incorporated Bombar-
dier’s regional aircraft division
(which in turn is supported by
Aéro Montréal).

Created in 2005, the Aero-
space Valley 1s considered the most
important centre of competitive-
ness and innovation in France in
the aeronautics, space and em-
bedded systems sectors. It has
more than 840 members, both
from industry and academia. It
has offices in Toulouse and Bor-
deaux, and its innovation cluster
covers two adjacent geographic
regions of the French southwest,
Occitanie and Nouvelle-Aquita-
ine. The cluster provides 124,000
industrial jobs, which corresponds
to 1/3 of the French labour force
in the aerospace sector. It also
brings together 8,500 researchers
and scientists, representing 45%
of France’s potential in aecrospace
research and development. Aero-
space Valley obtained financing
of 475 projects, totalling €1.2bn
(June 2016 data). The French
cluster intends to create between
35,000 and 40,000 new jobs by
2025 under the French program
for centres of competitiveness.

The Netherlands Aerospace
Group (NAG) is concerned with
the continuous preparation of its
members for international com-
petition by supporting actions for
knowledge exchange; defending
the interests of the sector and ac-
cess to domestic and internation-

al markets, as well as organizations
of the group. NAG brings togeth-
er around 100 organizations, rep-
resenting approximately 95% of
revenues in the Dutch aerospace
industry. NAG members are at the
frontier of knowledge in areas such
as new materials, production tech-
nologies, airport maintenance and
development. NAG has represen-
tation in Brazil. It is important to
note that the Dutch aeronautical
industry has a consolidated annu-
al revenue of €5.5bn, occupying
the sixth position in Europe and
employing around 20,200 people.
The industry invests around 8%
of annual research and develop-
ment revenue, distributed among
more than 100 companies and re-
search institutions, such as the
Delft University of Technology,
the University of Twente and the
Dutch Aecrospace Laboratories
(NLR)."” Embraer Netherlands is
part of NAG.?

Mexico

The Monterrey Aerocluster was
created in 2009, according to the
triple helix model, involving six
companies, two universities and
two government entities. The
aerospace cluster of the state of
Nuevo Léon aims to promote re-
gional integration for the devel-
opment of the aerospace sector.
Its work is focused on incorpo-
rating local companies into do-
mestic and international value
chains, through the development
of projects that foster synergies
among local agents.?! The activ-
ities of the cluster are supported
by specialized facilities, such as
the Centre for Innovation in
Acronautical Engineering (CIIA),

the Open University of Nuevo
Leon (UANL) and the Monterrey
Technology Park, which, just like
the university, plays an important
role in areas such as new materi-
als and nanotechnology. The CI-
IA is associated to the Mechani-
cal and Aeronautical Engineering
University (FIME) of UANL.

In Mexico there is also Aero-
space Querétaro, an agent for
change that facilitates and expands
the opportunities to develop the
aerospace industry at the state, na-
tional and international levels. The
cluster coordinates the activities
of companies, research centres,
educational institutions and gov-
ernment organizations, as well as
the development and integration
of small, medium and large com-
panies in the aerospace value chain.
It also implements innovative plans
and programs to establish strategic
alliances among the players in the
aerospace value chain.??

Mexico is considered a strate-
gic region for the manufacture of
aeronautical components, with a
growth rate of 15% a year during
the last three years. The country
has demonstrated great ability to
attract foreign investment through
new research, development and
innovation projects. The Mexi-
can acronautical industry is ori-
ented to design, manufacture,
maintenance and training ser-
vices. The states of Baja Califor-
nia, Nuevo Leon, Queretaro,
Chihuahua, and Sonora house
most of the aeronautical compa-
nies in the country with about
45,000 professionals.

The program also includes gov-
ernmental, industrial and academ-
ic engagement in the development

PolitiKa
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of strategic sectors not yet installed
in the country, such as propulsion
systems, flight control and avion-
ics —areas in which Brazil also has
deficiencies in its acronautical pro-
duction chain.? Organizations of
great relevance to the pursuit of
these objectives are the Centre for
Industrial Engineering and De-
velopment (CIDESI) and the Cen-
tre for Aeronautical Technologies
(CENTA) in the city of Santiago
de Querétaro. It should be noted
that CENTA has been carrying
out the design of an aircraft en-
tirely developed by Mexican spe-
cialists. The organization seeks to
play a similar role to that of DC-
TA in the promotion of the Bra-
zilian aeronautical industry.

United States

Due importance should be given
to the Washington state-based
aerospace cluster,?* particularly
when considering the ongoing
partnership between Embraer and
Boeing. This cluster was the first
to be established in the aerospace
industry and is the largest of them.
Itbegan in 1916 with a single hum-
ble red barn in Seattle. Today, it
employs more than 132,000 peo-
ple in more than 1,350 enterpris-
es. Washington’s aviation industry
generated US$ 76bn in economic
activity in 2012, paying a total of
US$ 11.5bn in wages, represent-
ing 11 percent of total wages paid
in the region.

In Washington state, about
175 companies work directly in
the aerospace industry, generat-
ing 94,200 jobs in 2012. Com-
panies directly related to the sec-
tor generated 38,300 additional
jobs, in a total of 1,350 firms.*

Companies in the Washing-
ton state aerospace cluster have
links with the global supply chain
of aeronautical manufacturers,
including Airbus, Bombardier,
Comac, Mitsubishi Aircraft Com-
pany and Embraer. Among US
companies supplying parts to Air-
bus, Boeing’s European compet-
itor, Washington is only less im-
portant than California.

It complies with the need to
increasingly compete for new
business due to the worldwide
growth of acrospace clusters.
Aeronautical manufacturers re-
ly on a growing number of al-
ternative locations to assemble
their aircraft. However, a rele-
vant attribute for attracting new
business is access to human re-
sources and specialized facilities.
The University of Washington
(Seattle) has become one of the
American public universities to
play aleading role in supporting
the development of new aero-
space technologies, while Wash-
ington State University (Pull-
man) is expanding its engineering
programs in Everet, taking over
the management of the Uni-
versity Centre of North Puget
Sound.

Portugal

The Portuguese cluster has about
sixty companies, earning €1.87bn
in 2017 and represented 1.2% of
the country’s GDP, employing
18,500 people. About 87% of the
production is destined for export.
The industry is mainly made up
of small businesses. Nine research
institutes and four universities
graduate approximately 120 space
engineers per year.?

Although the Portuguese clus-
ter only appeared 2007, it i1s now
comparable in terms of size with
the totality of jobs generated in
the Brazilian aeronautical indus-
try. It is the result of a recent pol-
icy, established in a coordinated
manner and directed by the Por-
tuguese government to meet spe-
cific targets for the integration of
the innovation system. The in-
stitution to support the cluster
only started operations in 2016.%
Embraer has two factories and an
engineering centre in Portugal,
with approximately 450 employ-
ees and providing products for
the company’s three business ar-
eas (commercial, executive and
defence).

Conclusions
and remarks

The activities of the Brazilian
aeronautical cluster began in the
1940s. Since then, it has seen its
main company become a world
leader in the manufacture of air-
craft in its segment. Its develop-
ment is directly linked to the evo-
lution of the relations and insti-
tutions of the innovation system
of S3o José dos Campos. Due to
its relevance, it is often pointed
out in the academic and profes-
sional literature as a case-study of’
the success of industrial policy. It
has sustainable commercial sur-
pluses, employs approximately
17,000 people and has approxi-
mately 100 companies operating
in its environment.

Despite these results, much is
still being discussed about the
long-term sustainability of Bra-
zilian competitiveness, given the
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inequality in capabilities of com-
panies operating in this cluster.
Despite the success of Embraer,
the participation of Brazilian
companies that operate with high-
er added-value is weak; Akaer,
associated with SAAB, may be-
come the first such company. The
fact that no Brazilian company is
a risk partner of Embraer or any
global aircraft manufacturer
shows that the productive and in-
novative capacity of the Brazilian
industrial complex is concentrat-
ed in its leading company and the
Department of Aerospace Science
and Technology.

Among the challenges of the
Brazilian aeronautics industry is
the need to constantly improve
the companies that constitute its
supply chain, besides expanding
coverage and depth of its supply
chain by integrating with a great-
er number of companies at its
higher levels, closer to their cen-
tral company, by both promoting
local companies to higher val-
ue-added positions in the chain
and founding new organizations
—in the so-called, densification of
the production chain.

International observation
demonstrates that specific strat-
egies led by aggregating agents
have been important — regardless
of company maturity —including
the establishment of representa-
tive associations of clusters and
well-established strategic plan-
ning that is well co-ordinated
among players.

This positioning represents
significant competitive challeng-
es for the local environment and
requires the necessary action to
ensure its future expansion and

sustainability. Such action may
include strategic development
plans and programs in order to
face competition, including ini-
tiatives such as establishing stra-
tegic partnerships — or partner-
ships such as the one underway
between Embraer and Boeing. It
should be added that this poten-
tial partnership may have highly
relevant impacts, although diffi-
cult to assess and predict in rela-
tion to the industry and the local
innovation ecosystem. There will
likely be profound and relevant
implications for the research, de-
velopment, innovation, and in-
dustry architecture established
locally over the past seventy years,
as well as for its stakeholders. The
analysis and decision-making
about the final configuration
should be the subject of extensive
reflection, due to the impacts on
the local innovation ecosystem
and its contributions to the eco-
nomic and social development.
Finally, the most recent stim-
uli for the S3o José dos Campos
innovation system brought chal-
lenges related to the continuous
promotion of innovation and
competitiveness in its traditional
segments of activity, through the
development and improvement
of the structural components, as
well as the skills and ability to
actin new segments. The imple-
mentation of development pro-
grams and production of new air-
craft, such as the previously
mentioned KC-390 and FX-2,
and spacecraft, such as launchers
and satellites, are expected to
bring important contributions to
the acquisition and internaliza-
tion of new technological assets

and industrial processes, as well
as for the expansion and densifi-
cation of aeronautical, space and
defence value chains. These pro-
grams will also contribute to ad-
dressing the challenges and in-
ternational competition in the
commercial aviation segments
where Embraer holds a leading
position.

An example of these challeng-
es is the fact that in November
2015 the Chinese state-owned
aircraft manufacturer Commer-
cial Aircraft Corporation of Chi-
na (Comac) introduced the C919,
the largest commercial aircraft
ever developed in China, which
intends to compete with similar
models, namely the Boeing 737-
800 and the Airbus A 320.%% It
will also be able to compete with
the advanced versions of the new
Embraer family of regional jet
planes under development.

These challenges must be
faced as a combination of rela-
tionship strategies between all
players of the innovation system
in the internationalization of con-
tacts and local capacities. The au-
thors of the present article believe
there are important capabilities
in the region. In a recent study
by fDi Intelligence, a specialized
international market magazine
tor The Financial Times news-
paper, S3o José dos Campos was
named as the main city in the
world in the ranking of strategic
potential for foreign direct in-
vestment in the aerospace sector.”
However, the vision and the joint
action of the system to achieve
sustainable and competitive eco-
nomic and social development
remain relevant factors. m
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Notes
1.

As pointed out by Hausmann and Rodrik
(2003, p.605), “...
tion techniques used in the advanced coun-

even when the produc-

tries are transparent to outsiders, their trans-
fer to new economic and institutional
environments typically requires adaptations
with uncertain degrees of success’.

. The Smith Plan, prepared by the then Lieu-

tenant Colonel of the Brazilian Air Force,
Casimiro Montenegro Filho, and Professor
Richard Harbert Smith of MIT, imple-
mented the model of the Aeronautical Tech-
nical Center (CTA) and its initial institutes,
the Aeronautical Technological Institute
(ITA), and the Research and Development
Institute (IPD). The development of the
Bandeirante aircraft was carried out in the
IPD, through Project IPD-6504, whose
initial flight occurred in 1968. The success
of the project led to the creation of Em-
braer, through an initiative of the Ministry
of Aecronautics, supported by the Federal

Government.

. The certification of the Bandeirante air-

craft by the CTA/IFI was essential for its
exportand success in the international mar-
kets.

“During the same period, Embraer also
sought to encourage the strengthening of
domestic suppliers. For the subcontracting
of finished parts, Embraer established the
concept of “integrated supplier”, consid-
ering that it would not be rational to sched-
ule and control eight thousand items in a
universe of fifty suppliers. Therefore, it
focused on the better equipped suppliers,
who for their own benefit took on the task.
Initially, twelve small companies were se-
lected, with one-year planning data based
on Embraer’s sales forecast. This concept
worked well until the early 1990s, when
the economic crisis interrupted the net-
work of integrated suppliers’ (FERREIR A,
2009, p. 173-174).

In the ERJ-145 there were four risky part-
ners: Gamesa (Spain), Sonaca (Belgium),
C & D (United States) and Enaer (Chile).
In the ERJ-170/190 project there were a
total of 11 risky partnerships.

It is estimated that the Brazilian acronau-
tics industry, most of which is based in S3o
José dos Campos, has generated cumulative

9.

10.

11.

trade surpluses for the country of over thir-
ty billion dollars since its creation, with
the implementation of Embraer and its suc-
cessful access to the international aeronau-
tical industry, showing its potential and the
capacity to generate economic value, sup-
ported by the production and incorporation
of technological innovations, especially
enhanced by the Innovation System estab-
lished in the region.

One of the references for the conception
of Cecompi was the Council on Compet-
itiveness Center, founded in 1986, which
is a non-partisan leadership organization
of corporate CEOs, university presidents,
labor leaders and national laboratory direc-
tors committed to advancing US compet-
itiveness in the global economy and a rising
standard ofliving for all Americans. Source:
http://www.compete.org/about, accessed
January 13, 2016.

This process of forward linkages of the
space sector has not presented the same ef-
fectiveness of the backward linkages, which
have promoted the development of the
acronautical industry and its consolidation.
The increase in the performance of the
process inducing the expansion of the space
industry constitutes a significant challenge
for the Municipal Innovation System, giv-
en the essentiality of this sector to the eco-
nomic development and national sover-
cignty. The creation of Visiona, a joint
venture established by Telebrds and Em-
braer, has a strategic character for the de-
velopment of the Brazilian space industry
and may play a role similar to that carried
out by Embraer as the integrating organi-
zation of the aeronautical industry and pro-

moter of its development.

Engesa, as a result of the unfolding of in-
ternational war conflicts, closed its opera-
tions in S3o José dos Campos.

Tecnasa, as a result of developments in the
technological evolution of flight protection
systems and embedded systems and tele-
communications, ended its activities in Sio

José dos Campos.

The National Defense Strategy is focused
on medium and long-term strategic actions
and aims to modernize the national De-

fense structure, acting on three structuring

12.

13.

15.

16.

17.

18.

19.

axes: reorganization of the Armed Forces,
restructuring of the Brazilian defense ma-
terial industry and policy of composition
of the Security Forces. Source: https://
www.defesa.gov.br/arquivos/2012/mes07/
end.pdf. Accessed on October 2, 2018.

One example is the Autonomous Univer-
sity of Nuevo Ledén (UANL), located in
Monterrey, Mexico, through its Faculty of
Electrical and Mechanical Engineering
(FIME) and the Center for Research and
Innovation in Acronautical Engineering
(CIIIA), which have been establishing,
since 2014, cooperative efforts with ITA,
in the area of Aeronautical Engineering. It
has also been sought to establish joint ac-
tivities between the Aerospace and Defense
Local Productive Arrangement (APL) with
the aeronautical cluster located in Monter-
rey. Likewise, cooperation activities with
the Association of Dutch Aerospace Com-
panies - NAG - have been promoted, both
aiming, among other purposes, to promote
the internationalization of APL.

Kodak, due to the evolution of digital
photography and organizational restruc-
turing, ended its operation in S3o José dos
Campos.

Philips, as a result of the evolution of im-
age projection technology and organiza-
tional restructuring, ended its operations
in S3o José¢ dos Campos.

Solectron, a company that manufactures
under contract electronic equipment for
OEMs in the sector ended its activities in
Sio José dos Campos, as a result of a corpo-
rate decision. Its facilities were then acquired
by the Municipal Government of Sio José
dos Campos and were destined to the Tech-
nological Park of the municipality.

Both programs are managed by the Coor-
dinating Commission of the Combat Air-
craft Program - COPAC, which is part of
the Department of Aerospace Science and
Technology (DCTA).

Source: https://www.aeromontreal.ca/
who-we-are.html, accessed on October

3rd, 2018.

Source: http://www.aerospace-valley.com/
en, accessed on October 3rd, 2018.

Source: https://nag.acro/sector/, accessed
on October 4, 2018.
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20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Source: https://nag.aero/sector/, accessed
on October 4, 2018.

Source: http://www.monterreyaeroclus-
ter.com/nosotros/, accessed on October 3,
2018.

Source: https://aeroclusterqueretaro.mx/
about/, accessed on October 3rd, 2018.

Source: https://www.cidesi.com/rtna/in-
dex.html, accessed on October 3rd, 2018.

Source: https://aviationbenefits.org/
case-studies/washington-state-the-ulti-
mate-acrospace-cluster/, accessed on Oc-
tober 3, 2018.

In December 2013, Boeing employed
about 82,000 workers in Washington
State. In 2012, the company paid more
than US$ 4.6 billion to its 2,042 suppli-
ers. According to the State Department
of Commerce, the company’s exports ac-
counted for 53% of total exports in 2013,
totaling US$ 43.6 billion, an increase of
61% since 2011. Projections show that
this performance will grow in the com-
ing years, as the company’s production
level rises to meet the world demand for
air transportation. At the Boeing plant
in Renton, production has reached 42
monthly units, a quantity that is expect-
ed to rise to 52 units by 2019.

https://observador.pt/2018/05/25/setor-
aeronautico-em-portugal-quer-atingir-3-
do-pib-em-cinco-anos/. Accessed on Oc-
tober 3rd, 2018.

Source: http://www.aedportugal.pt/. Ac-
cessed on October 4, 2018.

The C919 is a narrow-body and twin-en-
gine fuselage jet plane. According to the
Chinese manufacturer, the basic version
can accommodate 158 passengers divided
into two classes or 168 in a single class.
Comac also suggests a “high density” con-
figuration with 174 seats. The standard
model range is 4,075 km or 5,500 km in
the extended range version “C919 All
ECO?”. Source: http://airway.uol.com.br/
china-apresenta-jato-comercial-para-bri-
gar-com-airbus-e-boeing/, accessed on
November 2nd, 2015.

https://www.tdiintelligence.com/Rank-
ings/fDi-s-Aerospace-Cities-of-the-Fu-
ture-2018-19-FDI-Strategy. Accessed on
October 2nd, 2018.
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Cooperation an n in the

BRAZILIANT L ECTR

The creation of an interconnected system of generation and transmission

of hydroelectric power in a huge tropical territory that houses large and extensive
rivers was a technological feat of the first order. The joint and planned operation
allows the system to have quaranteed energy 20% higher than the sum of the energy
individually supplied by the plants - practically equivalent to that of the Itaipu plant.
The changes that have been introduced since the 1990s violate the original
cooperative logic, increasing the operational complexity and decreasing

the efficiency and reliability of the sector.




for Furnas Centrais
Elétricas, director of the
Institute of Strategic
Development of the
Electric Sector (/lumina).

Introduction

Canambra Project, a consortium
formed by two Canadian consult-
ing firms — Montreal Engineering
and Crippen Enginecering — con-
tracted by the Brazilian government
and the World Bank in 1962, when
Eletrobras was founded. The proj-
ect undertook studies on the hy-
dro-electric and market potential
of the Southeast region.This was
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; portin 1967, Eletro-
bras’ mission was expanded to the
North and Northeast regions, de-
manding the creation of two other
regional subsidiaries.

The study revealed that Brazil
had uniquely favourable geography
for the exploitation of hydraulic po-
tential. The interlocking of our elec-
trical system, however, had yet to be
imagined. In order to understand it,

we need to analyse our geography.
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electrical system

The Bratzilian territory

Geographic coordinates are a
kind of cartographic representa-
tion formed by imaginary lines
—latitudes and longitudes — used
to represent and locate any point
on Earth’s surface. Latitude (or
“parallel”) is the distance in de-
grees from any point in relation
to the Equator.

Considering contiguous ter-
ritories, Brazil covers 39 degrees
from 5°16’ latitude at the north-
ernmost point (Mount Roraima
National Park) to 33°44’ in the
extreme south, on the border
with Uruguay. Russia is in the
second position, with a differ-
ence of 36,5°: the northernmost
point is at 77°43’ and the south-
ernmost at 41°11°. Chile is in the
third position, with 36,4° from
17°30° to 53°53".

We have four types of cli-
mate: humid equatorial in the
North, tropical in the Southeast
and Midwest, semi-arid tropical
in the Northeast and humid sub-
tropical in the South. Moreover,
we have a large amount of re-
newable resources, among which
stand out about 8,233 km3 of
fresh water, 12% of the world’s
available quantity. The Brazilian
Amazon holds more than 70%
of this total.

Many rivers flow through
long extensions before emptying
into the sea: the Parani river is
3,942km long; the Sio Francis-
co, 2,800km long; the Madeira,
3,315km long; the Tocantins,
2,700km long. They are “upland
rivers”. In this kind of river, the
slopes where plants can be con-
structed lie between two semi-

flat surfaces. When damming
such a river, large reservoirs are
formed.

The deployment of an elec-
tric sector based on hydro-elec-
tric power plants is an old idea.
It was boosted by the need to
industrialize the country. Large
dams impact their respective re-
gions, but they were not created
by megalomania or obsession
with “pharaonic” works, as is
often alleged. They were built
due to Brazilian geography.

Our extensive territory 1is
blessed with these characteristics
thatofter great advantages, which
we were able to exploit at a cer-
tain point in the past. Brazil un-
derstood its geographical singu-
larities and built a particular hy-
droelectric system, endowed
with incomparable efficiency.

The best way to understand
it is picturing the sector emerg-
ing from scratch. Imagine a riv-
er where an investor builds plant
1, with guaranteed 100MW
(note that T00MW is not the
power of the plant, but rather
the amount of energy it can sup-
ply continuously). Figure 1
shows that the affluence is very
variable. However, thanks to the
reservoir, the plant can regulate
these variations and guarantee
an energy equivalent to the
dashed line. By storing water, it
ensures firm energy. Some of
the larger inflows are lost, since
the reservoir capacity is not
enough to store them until the
next dry period.

Let’s suppose that another in-
vestor builds another plant up-
stream, with the same capacity.
As plant 2 also has a reservoir, it

Figure 1 | Situation with a single plant

INFLOWS FLUCTUATE (CONTINUOUS CURVE), BUT A RESERVOIR ALLOWS THE PLANT TO
GUARANTEE FIRM ENERGY (DASHED LINE).

Figure 2 | Situation with two consecutive plants

A SECOND PLANT DOWNSTREAM FROM THE FIRST ONE, BOTH WITH RESERVOIRS,
ALLOWS FOR BETTER REGULARIZATION OF THE RIVER FLOW AND INCREASES THE FIRM
ENERGY OF PLANT 1, WITHOUT INSTALLING A NEW TURBINE.
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Figure 3 | Role of a transmission line
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A TRANSMISSION LINE CONNECTING POWER PLANTS LOCATED IN TWO DIFFERENT RIVERS ALSO INCREASES THE FIRM ENERGY AVAILABLE TO THE SYSTEM.

further regulates the flow of the
river, so that the affluence of plant
1 becomes more well-behaved:
the droughts are not so intensive
(oscillating curve in Figure 2).
Thus, the firm energy of plant 1
increases. Now, it produces
110MW of firm energy, with no
capacity increase, meaning with-
out new turbines. This is enabled
by water management.

A question then arises as to
who owns the 10MW of firm
energy generated with no addi-
tion of new equipment. It may
be plant 1, since its machines gen-
erate this capacity. It may also be
plant 2, since this was the one
that altered the behaviour of the
perceived affluence in plant 1.
Or it may be both, but in what
proportion? What criteria should
be adopted?

There is no reasonable answer
to this problem, since it is impos-
sible to separate functions in a
clear and uncontroversial man-

ner. And as hydrology varies over
time, so does this effect. Both
reservoir 2 and plant 1 are im-
portant to guarantee the energy
that will be generated.

So far, there are no major dif-
ferences regarding the electrical
systems installed in other coun-
tries, except for the combination
of fluctuations in flows (larger
in tropical regions) and reservoirs.
But the game is not over. As in
the first river (A), something sim-
ilar occurs in another one (B).
There, plants 3 and 4, similarly
to 1 and 2, had the same effect
and were associated in exploiting
210MW.

Then another investor analy-
ses the data and decides to build
a transmission line that can join
the two systems (A and B). Riv-
er B’s hydrology 1s different from
River A’s. When River A has
lower inflows, River B has high-
er inflows. As shown in Figure
3, now instead of the sum of the

previous firm energy remaining
the same, surprisingly, another
20MW of firm energy appears!!

This hydrological diversity is
typical of countries of greater lat-
itude. It offers our transmission
lines an unprecedented function
among electrical systems around
the world, since the market is
served simultaneously by a great
quantity of plants, scattered
throughout the national territory.

By allowing large-scale ship-
ments between regions, the trans-
mission system will behave like
a “traveling reservoir”, as it is able
to “relocate” the water supply,
avoiding unnecessary spills. If
properly dimensioned, the lines
are also capable of emptying cer-
tain strategically chosen reser-
voirs, scheduling their waiting
volumes and transforming a
greater quantity of future rainfall
into kWh. The greater the cap-
illarity of the transmission sys-
tem, the greater the probability
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that inflows throughout the system
(now A + B + T) can be converted in-
to kWh at any time.

However, the game is still not over:

Imagine that another investor decides
to build a thermal plant connected to
the A + B + T system. With this new
plant, the whole system gains more firm
energy, even if the new plant does not
generate any MWh! Although inactive,
it works as a safety guard, allowing the
reservoirs to be operated in a more dar-
ing way.

Asaprecaution, A + B cannot dras-
tically reduce the volume of their res-
ervoirs. However, some water is lost in
rainy seasons, since it is necessary to let
it flow without generating energy due
to the lack of space to store it. With the
thermal plant that can be triggered in
case of need, the A + B + T system can
take the risk of pouring more water in

the present and opening more space in
the reservoirs for a quantity of rain that
could not have been previously stored.

This eftect occurs in any water-based
system, but not in Brazilian propor-
tions. The guaranteed energy of our
whole system is 20% greater than the
sum of the guaranteed energy of the
plants, when analysed separately. That
is, the complex of lines that intercon-
nect the system “offers” 20% extra en-
ergy in the total guarantee. Currently,
this means a quantity of energy equiv-
alent to the production of the Itaipu
plant, the largest unit in the American
Hemisphere.

This imaginary exercise shows that
if the Brazilian system had been devel-
oped by individual initiatives, they
would have quickly realized the need
to associate among themselves. Given
the uniqueness of our geography, this

association must necessarily include the
plants (thermal and hydro) and the lines.
We are facing a natural monopoly. To
be efficient, the system must be planned
and managed as a single company.

The connectivity of the
electrical system

Figures 5 and 6 show the development
of the Brazilian electrical connectivity,
using 1970 and 2017 as reference.

In order to evaluate the size of our
transmission system, we can simply draw
it on the map of Europe, as shown in
Figure 7: the lines link Portugal to Swe-
den and almost reach Moscow.

What 1s the justification for a single
system covering a territory equivalent to
that of Europe? Can the Brazilian trans-
mission system be considered excessive?
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Cooperation and competition in the unique Brazilian electrical system

In Brazil, not

only where but A B
when one should

generate is

imposed. Every
drop of water

\/
held in reserve — V 210 MW
v

contains a

Figure 4 | Integration of a thermal plant in a hydro system

660
¢ ¢

challenge: when Jv |
should we use it?

This dilemma is “?F 0 MW
non-existent in

thermal-based

THERMAL POWER PLANT

Su S[emS. THE EXISTENCE OF A THERMAL POWER PLANT, ALTHOUGHINACTIVE, INCREASES THE ENERGY OFFERED BY THE SYSTEM, SINCE IT ALLOWS A
it Sl MORE DARING MANAGEMENT OF THE RESERVOIRS OF THE HYDROPOWER PLANTS.
Figure 5 | The transmission system in the 1970s Figura 6 | The transmission system in 2017
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Figure 7 | Brazilian transmission system drawn on the map of Europe
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Figure 8 represents the amount

of energy exchanged between the
Southeast and South regions. The
positive values represent the en-
ergy sent by the plants from the
Southeast region to the South,
and the negative values represent
the exchange in the opposite di-
rection. As it can be seen, it is
common for this exchange to ex-
ceed 2,000MW on average.
Let’s see what that means. The
Itumbiara plant, located on the
Paranaiba River, with 2,082MW
installed, has firm energy of ap-
proximately 1,000MW on aver-
age. Exchanging 2,000MW on
average is equivalent to “trans-
porting” two plants like Itumbi-
ara through the lines. To empha-

Moscou
»

O et

size this unique situation of the
Brazilian system, it is enough to
realize that, for some months,
more than 50% of the consump-
tion of the South region is served
by plants from the Southeast.
There is great variation in the
production of each plant, which
depends on both the regional hy-
drology and the interregional log-
ic of the interconnected system.
Therefore, the Brazilian system
can only be correctly managed
from an overall view. It was man-
aged by the operation and plan-
ning committees, coordinated by
Eletrobras. There were always
several distribution and genera-
tion companies, but the planning
of the operation and expansion

was intensely debated in these
committees, with the decisions
being submitted to criticisms and
approvals. They did not depend
only upon the hydrological di-
versity resulting from geography.

As already mentioned, our
upland rivers were favourable to
the construction of large reser-
voirs. When full, they could store
energy equivalent to almost two
years of consumption. With in-
creased load and the impossibil-
ity of adding new reservoirs to
the pace of the demand growth,
the period covered by the reserve
declined over time, currently
reaching around five months —
which is still a world record.
(This relationship does not con-
sider any other source. For ex-
ample, if it is possible to define
an alternative source for hydro-
power with reasonable costs and
responsible for 25% of the load,
the reserve compared to the

113

net” consumption, minus the
non-hydraulic source, rises to
seven months.)

As it is well known,a signif-
icant reduction in the costs of
new sustainable sources is under
way, especially solar and wind-
power. In this new context, the
differential of the Brazilian sys-
tem may still remain the size of
its energy reserve.

This characteristic brings an-
other operational singularity: in
Brazil, it is necessary to decide
not only where, but also when
the energy must be generated.
Every drop of water held in re-
serve contains a challenge: when
should we use it? This dilemma
does not exist in the thermal-based
systems.
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Figure 8 | Energy exchange between the Southeast and South regions
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The attempt to fragment
the system

The 1990s saw the decision to
deploy a model based on com-
petition rather than cooperation,
fragmenting something that had
always been dealt with globally.
This endeavour required a high
degree of mimicry of the ther-
mal-based systems. With an elec-
trical system characterized by
unique features, Brazil decided
to ignore its specificities and im-
plant one competitive model for
energy and power plants. It was
a very problematic process.

The insistence on error and
the absence of structural revi-
sions, always under pressure from
commercial interests, turned
both consumers and Eletrobras
into victims when trying to
“fix” the defects of the new
model that appeared in sequence.

From the beginning of the
process, technicians of the sec-
tor knew that it would be almost
impossible to implement a sys-
tem in which plants compete
among themselveswith the en-
ergy generated by each one. As
the optimal generation strategy
depends on an overall view, in-

dividual decisions would cause
conflicts and inefficiencies.
How can a hydropower plant
be obliged to generate energy
and to store water at the same
time?From the plant’s perspec-
tive, the first demand depends
on the market, while the second
stems from the monopolistic
perspective of the National Op-
erator, which analyses the whole
system. In the Brazilian case,
not even plants on the same riv-
er belong to the same company.
Contlicts could occur already
in the first stage, as shown in
Figure 2.
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Trying to solve these conflicts,
a complex and subjective metho-
dology was implemented with
the issuance of a certificate that
theoretically represents the con-
tribution of each plant to the to-
tal capacity. Based on this certi-
ficate, each plant receives per-
mission to commercialize its own
energy. The system is purely fi-
nancial and virtual. It depends
on subjective accounting arran-
gements. It 1s so complex that an
analytical text would be unfea-
sible. We will list three major di-
fferences with truly competitive
energy systems:

1. In thermal-based systems, the
sum of the individual capacities
defines the total capacity. In
the unique Brazilian system,
the opposite occurs: the total
is first defined and then a por-
tion allocated to each plant is
established.

2. Since the proportion of hydro-
power plants is significant, and
we have a tropical hydrology,
there is a statistical uncertainty
when defining a single amount
in the issuing of the certificate.

3. Given the existence of large res-
ervoirs and the uncertainty
about future inflows, the re-
serve’s estimated trendsshow
the possibility of an energy
deficit. Therefore, it was nec-
essary to estimate a subjective
parameter, the cost of this defi-
cit for the entire country. It
started to influence short-term
values, since it varies at each
level of the reserve: the lower
the level of the reservoirs, the
greater the influence of the
deficit cost.

This 1s a sample of the huge
list of differences in relation to
systems in which energy produc-
tion generates real competition.

Against all the evidence, the
country adopted the individual-
ization of energy frompower
plants. Regardless the origin of
its primary energy (hydro, ther-
mal, wind or solar), each plant
was associated with a certificate
issued by a mathematical model
that calculates a “physical guar-
antee”, the supposed contribution
of ecach plant to the total energy
supply. This amount started to
define the bids in most projects.
The extremely complex calcula-
tion methodology contains large
vulnerabilities.

Since the concession period of
the plants is thirty years, those
that had already been in operation
when the model was implement-
ed received the certificate of phys-
ical guarantee at a time in which
the reservoirs provided greater
comfort, because the energy de-
mand was approximately half of
the current one and the strategy
of operation was different. Since
then, the parameters that define
the division of the total guarantee
by each plant have been changed.
However, since there are com-
mercial interests fixedin contracts,
the values cannot be changed.

The evident inconsistency
among physical warranty certifi-
cates, issued decades between
them, generated an overestima-
tion of the total capacity, since the
certificates were never revised.
This led to costs for the consum-
er, because the optimism of the
“guarantee” must be compensat-
ed with the construction of other

plants. The solution was to pro-
mote “reserve energy’ bids paid
through charges. But how can
something called “physical guar-
antee” need reserve energy? In
fact, the “reserve energy” attempts
to correct the overvaluation,
which imposes a greater risk than
what is adopted by the plans. From
2008 to 2017 this overcharge
reached R$ 150 billion.

Let’s analyse two examples of
“physical guarantee” certificates,
compared to actual generation in
the last fourteen years.

Inaugurated in 1963 in Rio
Grande (MG), the Furnas plant has
1,216MW of power. Figure 9 shows
the average generation of the plant
in average MW (average MW is
the average energy in any unit of
time; in the case of the monthly
data, each average MW is equiva-
lent to 730 MWh, since on average
each month has 730 hours). In the
Brazilian mercantile model, the
fixed magnitude called “physical
guarantee” of Furnas is a 583MW
average. In past years it generated
well above this quantity, but it has
generated a considerably lower vol-
ume in recent years.

In contrast to the Furnas plant,
Figure 10 refers to the natural gas
thermoelectric plant in Juiz de Fo-
ra (MG). The physical guarantee
of this thermal plant was assessed
at an average 78MW, but it seldom
reached this amount.

It has been concluded that the
physical guarantee of a plant may
have little to do with its actual
generation. The guarantee is
counted as an offer of energy, but
in fact the generators are supplied
by cheaper plants, especially the
hydroelectric ones.
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Figure 9| Generation (oscillating line) and physical guarantee (straight line) of the Furnas plant
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Figure 10 | Generation (oscillating line) and physical guarantee (straight line) of the Juiz de Fora power plant
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Roberto Pereira D’Araujo

[tis impossible to This is a very important and little

understood aspect. In the Brazilian sys-
depl[]u a mOdel tem, if supply expands with expensive
. . thermal units, it means that part of the
mn Wthh qenerﬂtOFS water reserve will be used to replace

that generation. Contrary to popular

compete with one

belief, some thermal units help in the

another based on depletion of reserlvoirs, depending on
the cost of operation.

the enerqy produced Figure 11 shows what happens when
considering the generation and physical

hu eaCh one. assurance of all the thermal plants in the

. system (average MW).

An Ophmal Stl‘ﬁtequ The whole area between the blue
curve (physical guarantee) and the red

dep ends on one (actual generation) is the guaranteed

an OVGI'BH Vi ew. energy supply in the system. If thermal

units did not generate this energy, there

CREATIVE COMMONS / JONATHAN WILKINS

would be only two possibilities: either
this energy is a “surplus”or the hydro-
power units generated it. As an example
of this substitution, the exchange of en-
ergy between thermal and hydropower
from 2004 to September 2012 was equiv-
alent to 470 TWh, about 80% of the en-
ergy consumed in the system in one year.

The other side of this eccentricity
can be seen when examining the same
data, but for all the hydropower units
(Figure 12). Here we sce the inverse sit-
uation. Until September 2012, most of
the time hydropower generated a quan-
tity above itsphysical guarantee. Since
hydropower plants have much lower costs
than the thermal units, some issues re-
main unanswered:

N° 6 _JAN-JUN 2019



109

Figure 11 | Verified generation (in red) and physical guarantee associated to all the thermal units of the system (in blue)
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Figure 12 | Generation (in red) and physical guarantee associated to all hydropower units of the system (in blue)
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1. If the hydropower units generate
a quantity above their physical
guarantee and with lower costs,
who appropriates the gains?

2. In the last four years, reversing
the previous situation, the hy-
dropower plantshave presented
a great generation deficit, when
using the physical guarantee as
reference. What kind of com-
pensation was there between
these two opposing events?

3. Why does this change from hy-
dropower surplus to defi-
cit,thereby affecting tariffs, co-
incide with the Executive Order
of the Dilma government (Sep-
tember 2012)?

To understand what happened,
it i1s necessary to understand the
Brazilian markets.

The two Brazilian energy
markets

In England, the process of libera-
tion and privatization required fif-
teen years of study and debate. Bra-
zil — with a much larger territory
and a much more complex system
— did everything in five years.
The electrical sectors of Brazil
and England are very different.
Even so, the Brazilian government
hired the consulting firm of the
English company Coopers & Ly-
brand that brought us the generic
recipes applicable to any system,
regardless of physical characteris-
tics, which were in vogue in the
1990s. It was a sort of “one size fits
all” of the commercial world. Ob-
viously, the adoption of a compet-
itive model required a considerable

adaptation that were unknown to
analysts and society.

The privatization was halted by
the rationing of 2001 — a tragedy
foretold in a country that had stopped
investing in the expansion and start-
ed selling ready-made plants. In or-
der to hold the investments of Eletro-
bras, which would be privatized,
even transmission lines were no lon-
ger built, despite their obvious im-
portance. Why would private com-
panies be interested in investing in
new plants if there were ready-made
assets to be sold that could generate
immediate revenue?

More damage was done when
distributors were rejected by the
market. Eletrobras had no choice
but to absorb them — assuming an
issue that had never been its area
of expertise.

Figure 13 | Evolution of the average residential tariff compared to inflation rate (excluding taxes)
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From ground zero in 1995, Bra-
zil implemented a system of free
market and another one of regulat-
ed contracting. Commercial rela-
tions are established in the regulat-
ed contracting environment (ACR,,
where distributors operate) and in
the free contracting environment
(ACL, where the large consumers
basically are). In the short-term
market, the differences between the
amounts generated, contracted and
consumed are recorded and settled.
As we have seen in the examples of
the Furnas and Juiz de Fora plants,
these differences may be significant.
It is quite shocking to verify the
price disparities recorded in both
environments. Figures 13 and 14
show the evolution of residential
and industrial average rates of dis-
tributors in three governments.

In the homes of the numerous
low-income consumers, the ten-
dency for those who do not receive
subsidies can be much worse. In the
industries, usually the small ones,
the price increase is impressive.

Considering all charges, trans-
mission, distribution and taxes, the
value of residential MWh reached
R$ 1,000.00, at least double the
prices practiced in countries with
similar configurations, such as Can-
ada and Norway.

It is not possible to obtain the
average prices of free contracting
environments. It is only possible to
collect the difference settlement
price (PLD, or spot price), whichis
also unique to the Brazilian case. It
does not reflect an interaction be-
tween buyers and sellers, as in sim-
ilar markets. The PLD is simply the

marginal cost of operation (CMO),
a parameter calculated by the Sys-
tem Operator, which is completely
unaware of commercial relations.
In fact, it is an economic calcula-
tion of the value of the MWh re-
served in each moment, taking as
reference a future scenario of evo-
lution of inflows, the load and even
the expansion of the system. It there-
fore reflects a global perspective of
stock control from a monopolistic
point of view (Figure 15).

Any comparison of the short-
term Brazilian market with other
energy markets shows a bizarre out-
come. As a result of the configura-
tion of the system and the singular
geography, the Brazilian case tends
to generate derisory prices. Figure
16 shows in a single chart the com-
parison of prices in Brazil and in

Figure 14 | Evolution of the average industrial tariff compared to the inflation rate (excluding taxes)
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Figure 15 | Spot price (PLD) compared to the MWh price in the residential sector
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IT IS IMPORTANT TO NOTE THAT THE RESIDENTIAL MWH PRICE (BLUE LINE) WAS ONCE FORTY TIMES MORE EXPENSIVE THAN THE PLD.

Figure 16 | Comparison between the Brazilian spot market (PLD, blue line) and the Nordpool (red line). Amounts in R$/MWh

900
800 ﬂ
700
600
500
400
300
200
100
0
o = [¥a) O ~ (==} o o — o~ ™ =< [¥a) O
o o o o o o o A\ A\ A\ \ul — A\l \u
S £ $ £ £ £ £ 3 T 3 £ 3 95 =
© © © © © © © © © © o © © s~
= = = = = = = = = = = = = =

N° 6 _JAN-JUN 2019




113

CREATIVE COMMONS / GCASEIR099

the Nordpool market (Sweden, Norway,
Denmark and Finland), which also trades
hydroelectric energy.

This situation may result from a struc-
tural surplus or very favourable hydro-
logical processes. Being appropriated ex-
clusively in the free market, it produces
speculative behaviour. A non-transparent
market appropriates surpluses and
above-average kinds of hydrology.
Monthly "contracts" commercialized in
the free contracting environment exceed
25% of the total energy in some years.
There is a dangerous incentive to avoid-
contracting long-term supply, resulting
in disastrous consequences for the system
balance.

The fragmentation of responsibilities
was the other important result from the
adoption of the model. Currently, the
following institutions deal with the same
problem:

1. National Energy Agency (ANEEL),
a state company under a special re-
gime, linked to the Ministry of Mines
and Energy, created to regulate the
Brazilian electricity sector (Law
9,427/1996 and Decree n. 2.335/1997).

2. National System Operator (ONS), re-
sponsible for coordinating and con-
trolling the generation and transmis-
sion of electricity in the National In-
terconnected System (SIN) and for
planning the operation of isolated
systems in the country. It is super-
vised and regulated by ANEEL. Es-
tablished as a legal entity under pri-
vate sector law and a non-profit civ-
il association, ONS was created on
August 26, 1998 by Law 9,648,
amended by Law 10488/2004 and
regulated by Decree N. 5.081/2004.

3. Electric Energy Trading Chamber
(CCEE), responsible for accounting

R ————

The manner in which
the “physical guarantee
certificates” have been
issued has created an
unrealistic assessment
of the total capacity

of the system. The risk
is greater than what

is admissible in the
plans. This imposes
billions of reais

0N CONSuUmers.
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and cash settlement in the pot energy
market. It calculates and informs the
settlement price of differences (PLD)
used in the energy purchase and sale.
4. Energy Research Company (EPE),
which provides services to the Min-
istry of Mines and Energy (MME)
in the studies and research area to
subsidize the sector planning, includ-
ing electric energy, oil and natural
gas and its derivatives and biofuels.

These entities have frequently pre-
sented conflicting criteria and represent
an additional cost.

The necessary energy

Analysing the data from in Figure 17,
it is clear that the country needs an av-
erage of approximately 2,200 MW an-
nually to maintain the balance. This
amount is equivalent to the production
of a plant like Xingd on the Sio Fran-
cisco River, or two plants like [tumbi-
ara on the Paranaiba River, or four
plants like Termo Pernambuco. On the
other hand, average Brazilian residen-
tial consumption is low, around 150
kWh/month. Many residences of
low-income families consume less than
100 kWh/month, about the consump-
tion of a refrigerator, some lamps and
a fan. The need for energy will grow
according to the increase of Brazilians'
income. At present, it is not possible to
confidently state that an increase in de-
mand —whether by resuming econom-
ic growth or by increasing family in-
come — will indeed occur.

The singular and eccentric Brazilian
model of the 2000's brought with it
some strange behaviour. The plants gen-
erated energy (or not) regardless of
whether they had been contracted (or
not) in the market, since they weredis-

patchedfrom the general perspective by
the National Operator that viewed the
system as a whole. The Operator ig-
nored the contracts.

With reduced demand shortly after
the rationing in 2003, Eletrobras' power
plants generated energy with no con-
tracts and they were remunerated forthe
MWh at spot prices (PLD). During this
period, PLD ranged from R$ 4/MWh
to R$ 20/MWh. Unlike the other com-
panies that lost contracts, Eletrobras was
torbidden from operating on the free
market to mitigate the loss. The com-
pany was used to foster the free con-
tracting environment. The 2003 deri-
sive prices practiced on the spot market
were due to the disengagement of ex-
isting plants, most of them belonging
to Eletrobras.

These extremely low spot prices last-
ed until 2012. This led the free market
to a speculative and merely conjunc-
tural behaviour. Representing 30% of
the total, this scenario saw no contract-
ing of construction companies for any
new large-scale plants, except for wind
energy.

The model adopted imposed all the
responsibility of long-term contracting
on distributors and reserved part of the
energy of future projects to be negoti-
ated on the open market. Due to the
speculative bias of this market, many
projects were evidently remained un-
contracted.

This model caused other problems.
Figure 18 shows the physical assurance
of all sources of generation and total
electricity demand. A "tangency" of
the total load and the total guarantee
is noticeable during the 2009-2013 pe-
riod. However, as previously mentioned
the modelling defects caused the guar-
antee to be overestimated, promoting
the risk of shortages, avoided by three
factors:

Due to the economic
recession, the total load
has been stagnant
since 2014. Even so,

for more than four
years the reservoirs
have not been filled.
The system is
imbalanced. The
contracting of expensive
thermal plants requires

hydroelectric plants to
generate more enerqy.

1. Hydrology was exceptional (30%
above average) in 2009 and 2011.
Structural imbalances of supply and
demand can be affected by above-av-
erage hydrology.

2. Eletrobras was once again used by
the government when it realized
that the free market would not en-
sure the necessary expansion, im-
posing partnerships in which the
institution was a minority share-
holder to facilitate projects that re-
quired contributions of around
R$ 3 billion/year.

3. A temporary solution was the use of
reserve energy bids financed by tax-
es, thus compensating the overesti-
mation of the guarantee of the ex-
isting plants.
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Figure 17 | Evolution of consumption and electric power load of the interconnected system
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IT CAN BE SEEN THAT: (A) THE 2001 RATIONING CAUSED A REDUCTION OF 25% IN THE ELECTRICITY CONSUMPTION; AFTER RATIONING, THE EVOLUTION OF CONSUMPTION REMAINED 15% BELOW THE PREVIOUS
TREND; (B) ONCE THE SITUATION NORMALIZED, AN AVERAGE GROWTH RATE OF 3.5% PER YEAR IS OBSERVED; (C) THE DEMAND GROWTH WAS DRASTICALLY REDUCED DUE OF THE INTENSE ECONOMIC RECESSION
BEGINNING IN 2014.

Figure 18 | Evolution of the load (blue curve) and the physical guarantee of the system (red curve)
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There was an implicit transfer
of costs, since many of these proj-
ects provided profits for the pri-
vate partner and losses for the state
company (Eletrobras' level of in-
debtedness increased significantly,
intensified by its exposure in the
open market, which prevented it
from taking advantage of new con-
tracts; even with positive return
rates, the projects did not reach
the state's cost of capital).

In 2012, the industry scenario
was inexplicable: explosive tar-
iffs;the beginning of defaultsin the
open market; reserve energy
charges of R$ 150 billion (accu-

mulated since its implementation
in 2008); delays in the construc-
tion sites; lack of coordination be-
tween transmission and generation
projects; significant increase in
transmission costs and regulatory
instability.

The continued rise in prices
rattled the industry. In 2011 the
Federation of Industry of the State
of Sio Paulo (Fiesp) launched a
campaign blaming Eletrobras' pric-
es for the tariffincrease. Since most
plants were old, it was argued that
consumers had already paid for
these units, which were amortized.
The thesis of the amortization was

indeed true; however, it drew at-
tention away from all the other
causative agents of the price esca-
lation when so separately high-
lighted. The campaign contained
a series of misconceptions:

1. The prices practiced by Eletro-
bras were not defined by the
state company. They were the
result of a bid of energy from
existing plants, carried out in
2004. These values were
around R$ 90/MWh.

2. Therefore, with the market
model the concept of "tariff"
that accounts for the level of
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amortization of investment was re-
placed by the concept of "price".

3. The concept of price obtained in bids,
which is still adjusted by inflation
indexes, was the government's choice
and well-known by private players.

4. Bid prices for plants under construc-
tion (Santo Antdnio, Jirau, Teles
Pires) were used to make compari-
sons (a major misconception that soon
appeared in the monumental deficits
of these plants with defined prices,
due to the frustration of the assump-
tions about the conclusion of the
works and commercialization on the
open market).

5. In fact, the amortization is not relat-
ed to the concession period. It is sim-
ply an accounting calculation that is
applied in several countries. It was
used in Brazil as "service by cost"
and in most American states as "re-
turn rate regulation" (theoretically
it is possible for a plant to amortize
its investment before the termination
of the concession period).

6. The 1995 low tariff was in fact justi-
fied by this system. In other words,
at that time consumers could already
benefit from this effect.

The government surprisingly ac-
cepted Fiesp's thesis and anticipated the
end of the concession period, which
would end in 2015. Instead of using the
data accounted for in the Eletrobras re-
ports, the government rejected the da-
ta from the Regulatory Agency and the
accounting auditors, implementing a
mathematical model which imposed
the costs of operation and maintenance
on the plants. Thus, the plants were no
longer "assets" of the company, which
became a simple operations manager of
the plant.

There was a reduction of almost 90%
in the values practiced in the bids. The
inconsistent methodology disregarded
the information of the company itself
and established a price based on a data-
bank formed by plants very different
from the target ones.

Figure 19 specifies the tariffs im-
posed by Executive Order 579, trans-
formed into law 12,783/2013, for each
Eletrobras plant.

The average tariff obtained by
weighing the physical guarantee of each
plant was R$ 7.67 MWh, which was
equivalent to US$ 3.20 MWh on the
date of the technical note, a world re-
cord of low prices.

There were significant consequences:

1. This governmental option undermined
Eletrobras and ignored all the other
factors of price rising, such as the es-
tablishment of several charges, the
increase in the cost of transmission,
the reserve energy and the appropri-
ation of income by the low-price bi-
as on the open market.

2. By 1solating the plants and the com-
panies, the central administration lost
support from the income of these as-
sets. It was clear that the accounting
losses would be significant. The most
shocking example of this decoupling

Figure 19 | Tariffs imposed by provisional measure 579, transformed into law 12783/2013, for each Eletrobras plant

Plants Power (MW)
Funil 216
Boa Esperanca 237
P Colombia 319
Corumba | 375
Estreito 1048
Furnas 1216
Marimbondo 1440
Itaparica 1479
Xingd 3162
P Afonso 4279
Total 13771

Imposed tariff R$/kW Year

66,59
66,74
60,94
57,59
41,58
40,6
39,22
42,67
35,61
29,92

Physical Guarantee (MW average)

Final tariff R$/MWh

121 13,57
143 12,63
185 12
209 1,38
495 10,05
598 9,42
726 8,88
959 751
2139 6,01
2225 6,57

Average 7,67
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Figure 20 | ELB stock price (-70%)
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is the Eletrobras' Electric Energy
Research Centre (Cepel), which was
maintained by the revenue from the
generation and transmission assets.
3. Even worse was the annihilation of
the traditional self~financing capac-
ity of the electricity sector. In the
applied conception, an old plant that
is managed only by the costs of op-
eration and maintenance does not
generate any financial benefit for the
construction of new plants.

Figures 20, 21 and 22 show the mas-
sive and sudden fall in the value of
Eletrobras.

Even with around 14,000MW of
hydro-electric power plants (around
16% of the total) charging only for ba-
sic costs (approximately R§ 35.00
MWh, including charges and taxes),

10/05/2006

the tariff value did not stop rising for
several reasons.

A "tariff flag" was created to cover
costs of thermal generation, including
fuel and diesel plants contracted in 2008.
According to ANEEL, this is a "tlag"
that can add up to R$§ 50/MWh to the
valid price.

In a country where most of the elec-
tricity comes from rivers, the easiest
way to justify a water crisis is blaming
the lack of rainfall. Figure 23 shows
the 20 worst years of the history of in-
flows for each region of the system.

Only in the Northeast region was
natural energy the worst in history. By
the current criterion, only this region
is at risk. The Southeast region receives
most of its energy from rivers and the
low inflow levels were concentrated in
the 1950s, known as a critical period.

25/02/2010 26/11/2013

Difficulties have been mounting.
The situation of the hydroelectric sec-
tor is generating a great legal contro-
versy, due to the individualization of
the guaranteed energy of the system
per plant that results in a sequence of
problems:

1. The physical guarantees of the plants
were determined on different dates
with a methodology that was
changed several times and contained
subjective parameters.

2. The companies did not participate
in the setting the amounts.

3. The plants auctioned were evaluated
precisely for this magnitude.

4. The generation of the plants is de-
termined by the National System
Operator (ONS), which, as we have
seen, operates from a global and
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Figure 21 | Return on invested capital (-13%)
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monopolistic perspective and does
not recognize contracts.

5. By order of the ONS, generation
was reduced drastically in the
2012-2018 period.

6. To meet their contracts, the hy-
droclectric plants faced a huge
energy generation deficit. By the
current model, they are forced to
acquire the energy deficit in the
market, paying the price of much
more expensive thermal energy.
Called Generation Scaling Factor
(GSF), this dilemma has already
caused defaults of more than R$
9 billion.

7. The plants affected by the reduc-
tion of tariffs through Law
12,783/2013 transfer this deficit
to the distributors, further aggra-
vating the country's tariff situa-
tion.

8. Even with so many problems, the
private sector cannot complain
aboutlow returns in this extreme-
ly essential sector. Financial data
show that until 2014 the electric-
ity sector ranked second in the
positioning of dividends paid to
sharcholders, being surpassed on-

ly by the banking sector. This
position shifted to third place af-
ter 2014.

The current situation of the ener-
gy reserve is shown in Figure 24. Itis
noticeable the reservoirs have not been
filled for the past four years — further
evidence showing that the system is
unbalanced, since the total load has
been almost stagnant since 2014.

As previously mentioned, the con-
tracting of expensive thermal plants
(oil and diesel) required higher gen-
eration of hydroelectric plants. This
is one of the causes of the emptying
of the reservoirs.
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Figure 23 | Affluence per region in selected years

SOUTHEAST NORTH SOUTH NORTHEAST

ORDER YEAR ENAT YEAR ENAT YEAR ENAT YEAR ENAT
1 1971 27.342 2016 3.960 1945 3.206 2017 2.424
2 1955 27.382 1953 5.165 1944 3.413 2015 3.295
3 1953 28.310 1998 5.259 1968 3.696 2016 3.517
4 1954 28.690 2017 5.423 1933 4.024 2014 3.843
5 1969 29.303 1951 5.510 2006 4.402 2001 4.004
6 1934 30.443 1971 5.593 1949 4.729 2010 5.005
7 1936 31.802 1962 5.642 1978 4.828 1976 5.223
8 1963 32178 1955 5721 1962 5.498 2013 5.244
9 1944 32.189 2015 5.891 1934 5.750 1971 5.278
10 2014 32.551 1987 5.896 1991 5.821 1996 5.423
" 1964 32.833 1972 5.904 1985 5.850 1998 5.506
12 1968 33.085 1952 5933 1943 6.058 1955 5.530
13 2017 33.090 1950 6.130 1952 6.077 2003 5.569
14 1939 33.193 1963 6.221 1964 6.383 1995 5.977
15 1956 33.675 1954 6.250 1951 6.423 2012 6.012
16 2001 33.769 1999 6.336 1959 6.452 1999 6.052
17 1938 34.201 1976 6.445 1981 6.603 1959 6.066
18 1941 35.709 1993 6.644 1940 6.764 1987 6.149
19 1975 35.721 1932 6.659 1937 6.813 2002 6.174
20 1970 36.285 1984 6.669 1974 6.863 1953 6.206

INFLOWS ARE TRANSFORMED INTO ENERGY (AVERAGE MW), ASSUMING THEY WILL BE TURBINED (ALTHOUGH IT CAN UNDERGO CHANGES IN THE REAL WORLD, THIS TRANSFORMATION OF UNITS IS MORE USEFUL
TO COMPARE ENERGIES). THE YEARS CONTAINED IN THE “CRISIS” PERIOD (2012-2017) ARE MARKED IN RED. ENAT = Natural Energy

Figure 24 | Trend of the reserve in quantity of months/load
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Source: ONS data
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Conclusions

When a generation system depends on
nature in tropical countries, the primary
types of energy (river flows, wind and
sun) vary greatly. In a country of conti-
nental dimensions, these significant vari-
ations do not coincide. Thus, assigning a
fixed value per plant to mimic the for-
mation of prices in a thermal system
(which depends only on fuel) has no the-
oretical basis.

Even the alleged advantage of com-
petition is reduced, since plants sell en-
ergy that they themselves do not gener-
ate. Therefore, efficiency is relegated to
a secondary priority.

Currently, there are about R$ 90bn
in costs from modelling that have not yet
been charged to the consumer — the so-
called "skeletons" that will haunt electric
bills for a long time.

The origins of this situation are di-
verse: water deficit in hydroelectric plants;
unpaid compensations arisen due to the
intervention of the Dilma government;
deficits in the tariff flags that cannot cov-
er the thermal cost; subsidies for the so-
cial tariff; subsidies for thermal plants of
the isolated system; and Eletrobras debts
related to distributors rejected in the pri-
vatization of the 1990s.

The proposals currently under discus-
sion promise more market and less coor-
dination, which is the opposite of the
logic outlined in this text. This will re-
quire more eccentricities and complexi-
ties — with no reduction in tariffs, regu-
latory stability, financing capacity or en-
ergy security.

With Eletrobras nearly insolvent, we
run the risk of repeating the 2001 expe-
rience, when capital was concentrated on
acquiring ready-made assets, thereby
abandoning expansion.

Given the favourable Brazilian geog-
raphy and nature, something very amiss

OUTLINE OF AN ALTERNATIVE

The power of electric mills are fixed values that are registered in turbine and generator man-
uals. They do not depend on external bureaucratic criteria.

By making power plant revenues proportional to their power, they would have constant
and quaranteed revenues, which would encourage investors to upgrade constantly. The hy-
dropower investor would not assume the billion-dollar hydrological risk that is taking place
today. The thermals would be remunerated by the power plus the cost of the fuel in the event
of a dispatch, considered cases in which inflexibilities occurred. As a significant part of the
sources would be contracted by power, the revenue would be the same regardless of hydrol-
ogy. Therefore, under exuberant hydrology, the extra revenue from higher generation at low-
er cost would belong to all consumers. A compensation fund for adverse hydrological situa-
tions would be possible. In this system, there would be no situation in which surpluses do
not compensate for deficits, as shown in figure 12.

An energy market could exist, provided that it was actually the fruit of the interaction
of suppliers and demanders. There would be no settlement of generation differences at the
marginal operating cost (MOC) price. Changes in the operating criteria would not affect the
commercial world, since they would be changes to the internal methodology of the major-
ity buyer.

The “physical guarantees” of the plants would be possible, but they would be guiding
parameters of the contracting policy and could be changed without problems.

This proposal was presented to the Lula government, but ran into political difficulty: it
requires the definition of an agency that would contract the MW needed for the system to
guarantee the MWh of consumption. According to the government, the “market” would see
this as “nationalization”. This prejudice is unfounded. For in making the expansion plan, the
government, through its various institutions, does exactly what this contractor would do. In
fact, the model already exists for transmission, so that this role could be done by one of the
already existing agencies.

Joining the planning and operation institutions had also been proposed, since the plan-
ning process depends on operational simulations. We would avoid the current discrepancy of
criteria between EPE and ONS with this plan.

In fact, Brazil already had the situation that is beginning to emerge in the thermal base
countries that face the entry of wind and solar sources that are not dispatched and absorb
the market for the dispatchable thermal energy. Due to the volatility of demand and prices,
these markets have given preference to power contracts instead of competing for energy.

has happened here. Complexity is not
only cost-generating, but also a pow-
erful tool for disinformation — one of
the great evils of Brazil nowadays.
Unfortunately, individualization
—a concept increasingly implement-
ed in many economic activities un-

der the approach of radical liberalism
— conflicts with the uniqueness of
Brazil's geography and climate. The
great technological advance the coun-
tryhas made in previous decades by
forming an interconnected system is
being lost.m

PolitiKa



SCIENCE, TECHNOLOGY AND INNOVATION

Brazilian policies
in the 218 century

I L
|
L
L l L]
f " r > 4 ’-" -
1 _ t e XU
1 ‘I "___‘ Y .
E— ¥ B



123

We should not mimic the policies of developed countries. The Brazilian agenda needs to keep the
social dimension at the centre of its concerns, encouraging technological research focused on local
problems and the provision of essential goods and services, such as food, health, education, housing,
solid waste management, access to drinking water and energy - and even culture. Science and
technology policies must take into account the territorial dimension of Brazil. Instead of producing
goods that are intensive in non-renewable natural resources, we must value the new paradigm

of sustainability. All this should be part of a new national development project that highlights

the specificities of our country.

Introduction

The Brazilian industry has been losing density and dyna-
mism in recent decades. This fact is associated by some
authors with the expected effects of the austerity policies,
the exchange rate appreciation, the high interest rates and
other elements of restrictive macroeconomic policies, as
well as the increase in commodity prices resulting from
the so-called “China effect”.

In this article we enunciate that such factors exacer-
bated some phenomena already evident in the 1980s and
1990s. After internalizing the benefits of the Second
Industrial Revolution, the Brazilian industry should face
a restructuring process that could incorporate the cur-
rent socio-technical revolution. The deepening of fi-
nancialization, the reorganization of the productive ac-
tivities and of the large transnational corporations, as
well as the global crisis initiated in 2007-2008, aggra-
vated the situation and added new challenges. The
positive highlight was the set of policies adopted by
Brazil to deal with the initial stages of the crisis, par-
ticularly with the performance of the five official banks,
which ensured the productive investment and survival
of the main companies. There were also changes in geo-
politics introduced by the forging of alliances, such as
the BRICS. Such characteristics cannot be ignored when
discussing the current challenges of productive and tech-
nological development in Brazil.

Obviously, to fulfil the promise of becoming the “driv-
ing force of development” (Freeman 1982), science, tech-
nology and innovation (ST&I) need to be used by the pro-
ductive sector. This article resumes the discussion about
the Brazilian ST&I policy based on these considerations.
The text is organized as follows: item 2 gives a brief analysis
and evaluation of the Brazilian policy; item 3 presents a
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synthesis of the main transforma-
tions of the Brazilian productive
and innovative structure, showing
how, in spite of the policies im-
plemented, the problems perceived
since the millennium transition
were confirmed; item 4 discusses
the policy implications from a con-
textualized and systemic view of
innovation. Finally, we reach the
conclusion section, presenting
policy suggestions.

Brief history of Brazilian
politics on science,
technology

and innovation

The Portuguese exploitation of
Brazil between the fifteenth and
eighteenth centuries prevented
any productive activity in the col-
onized land, avoiding competition
with those that could be carried
outin Portugal (orin its trading
partners lands), as well as any
academic or research activity. Un-
like the experience of Spanish
America — in which a university
emerged soon after the conquest
in Santo Domingo in 1538 — the
first college courses (Law and
Medical Sciences) were only im-
plemented in the colony in 1808,
when the Portuguese court moved
to Brazil. The first Brazilian uni-
versity — the current Federal Uni-
versity of Rio de Janeiro — was
only implemented in the twenti-
eth century. Throughout the sec-
ond half of the nineteenth centu-
ry, as monarchy and slavery col-
lapsed, the first Engineering
graduation courses (the Polytech-
nic School of Rio de Janeiro in
1874) and research centres of nat-

ural sciences (Emilio Goeldi Mu-
seum in Pard, 1885), farming (Ag-
ronomic Institute of Campinas in
1887), and health and hygiene
(Bacteriological Institute of Sio
Paulo in 1893, Butanti Institute
in 1899 and Oswaldo Cruz Insti-
tute in 1908)" were created.

The creation of these training
and technical research centres
aimed to meet the needs of the
main export activities of Brazil
during this period: coffee and
sugar. For example, the Oswaldo
Cruz Institute, currently one of
the most renowned biology re-
search institutions in the world,
was only created after foreign ves-
sels threatened not to dock at the
port of Rio de Janeiro due to the
yellow fever.

A broader institutionalization
of the scientific and technological
system —and of policy focused on
it — only occurred after World
War II, following the process of
industrialization. The first ex-
plicit scientific and technologi-
cal policy initiatives established
the mission of coordinating and
promoting scientific research in
Brazil with the National Re-
search Council (CNPgq) in 1951,
and the Coordination for the
Development of College Grad-
uated Personnel (Capes), with
the aim of improving college
education and guaranteeing the
existence of specialized person-
nel to carry out the economic
transformation of the country.

During this period, other
R&D institutions were created
outside the agricultural and bio-
medical areas: the Brazilian Cen-
tre for Physical Research (CBPF),

1949; the Technological Institute
of Aeronautics (ITA), 1950; soon
after, the Technological Centre
of Aeronautics (CTA). A decade
later, research centres were estab-
lished in state-owned companies:
the Leopoldo Américo Miguez
de Mello Research Centre (Cen-
pes) of Petrobras in 1963; the
Eletrobras Electric Energy Re-
search Centre (Cepel) in 1974; the
Research and Development Cen-
tre (CPgD) of Telebras in 1976.
During this period, the Brazilian
Agricultural Research Corpora-
tion (Embrapa) was also established
in 1973, as well as technological
rescarch centres in different states
of the Federation, following the
model of the Institute of Techno-
logical Research (IPT) of S3o Pau-
lo, which was created in 1889.
Still in the 1960s, the Tech-
nological Fund (Funtec) was cre-
ated in the then called National
Bank for Economic Development
(BNDE, today BNDES) in or-
der to provide financial resourc-
es to update and strengthen Bra-
zil’s scientific and technological
infrastructure, which was to be
achieved through the creation of
joint research and postgraduate
programs, mainly (but not ex-
clusively) in public universities
and research institutes. The oth-
er important institutional change
was the creation of the Financier
of Studies and Projects (Finep)
in 1969, an agency of the Min-
istry of Planning. When it start-
ed its activities, Finep carried
out mainly feasibility studies.
From 1971 onwards, its role was
increased, when it became an
executive secretariat of the Na-
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tional Fund for Scientific and
Technological Development
(FNDCT), created in 1969.

The decision to invest in the
training of researchers, with pub-
lic universities as the main insti-
tutional base, has brought many
advancements, with the consoli-
dation of a significant S&T infra-
structure. Over the course of the
1970s around eight hundred new
masters and doctoral courses were
created, totalling more than a
thousand, covering all areas of
knowledge (Erber, 1980). The
number of masters graduated in
1990 surpassed 5,500 and PhDs,
1,400. However, despite all the
planning effort, very limited re-
sults were obtained in the promo-
tion of technological development
(Cassiolato 2001).

Several studies that examined
the technological behaviour of
Brazilian private companies in the
period (Cassiolato, 1992) found
passive innovation strategices, low
levels of R&D activity and weak
links with industrial research in-
stitutes and universities. Large lo-
cal-owned conglomerates mainly
concentrated on raw material pro-
cessing industries, producing stan-
dardized commodities such as pa-
per and pulp, iron and petrochem-
icals, which required neither
significant capacity nor R&D and
engineering efforts to add in-
creased domestic value andprog-
ress in the production of more
complex goods and services. In-
stead, they tended to remain in
the most elementary processing
stages of locally available raw ma-
terials. As for foreign companies,
their technological efforts were
generally aimed at adapting (pro-

cessing and organizational) prod-
ucts and technologies to local con-
ditions and monitoring techno-
logical opportunities and qualified
human resources.

State companies played the
most active role in the technolog-
ical development, creating their
own R&D and engineering de-

Industries have used
government SqT
resources to buy the
latest in technology
for machines

and equipment,

but without any
commitment

to innovation.

The results are
frustrating.

partments to develop specific tech-
nologies for the country’s envi-
ronment and resources. In addition
to those already mentioned —Cen-
pes, Cepel and CPgD—-Usiminas
in the steel industry and Embraer
in aeronautics were also the case
(Cassiolato and Lastres, 2016).
In the 1970s and 1980s, signif-
icant public R&D and engineer-
ing centres thus constituted the
inner core of Brazil’s national in-
novation system. However, the oil
and the international debt crises
affected the ongoing transforma-

tion in Brazil, which had a signif-
icant impact on science and tech-
nology (S&T).?2

The democratic government
that began in 1985 created the
Ministry of Science and Technol-
ogy (MCT), including innovation
in the political agenda and estab-
lishing important human resourc-
es programs in the new areas of
information technology, biotech-
nology and advanced materials, as
well as reinstating public funding
for research at 1970 levels. None-
theless, the deepening of the in-
flationary crisis in the 1980s
brought considerable institution-
al instability.

Throughout the 1990s, the
deepening of the crisis and the
adoption of neoliberal policies rel-
egated the S&T policy to a lower
level. The neoliberal industrial
policy — based on liberalization,
deregulation and privatization —
implicitly brought the idea that
innovation and technological qual-
ification should be left to “market
forces”. As summarized by Coutin-
ho and Belize (1996, p. 129), “the
hegemony of neoliberal thought
instituted a new paradigm in which
the predominance of market rela-
tions (with privatization and de-
regulation) would incisively min-
imize the role that the State should
play.Supported by globalization
[-..] the development policy would
be reduced to the creation of prop-
er conditions to attract investors,
by maximizing private freedom
of accumulation.”

S&T returned to the agenda
of governmental priorities in the
late 1990s,but remained subordi-
nated to neoliberalism. Two ini-
tiatives were highlighted: the es-
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tablishment of sixteen sectorial
funds and the beginning of a broad
process of states mobilization for
the construction of S&T subna-
tional policies, which contributed
greatly to the expansion of fund-
ing forthe system. However, Bra-
zil was experiencing its “second
lost decade”, with the increase of
the “evil macroeconomic” re-
gimes, “‘regressive specialization”
and loss of productive density.’
Besides, the guidelines and in-
struments were mainly based on
the mimicking of traditional in-
struments, some of which had al-
ready been adopted for decades,
and the new laws of innovation
that marked the 1990s scenario in
the most developed countries.
‘With rare exceptions, they aimed
at creating and enhancing the con-
nections between the industrial
sector and universities, through
joint R&D projects, which were
already implemented in Brazil
since the 1970s, but without con-
siderable success.!

The 2003 government rein-
troduced a policy geared for pro-
duction on the governmental
agenda. The main point intended
to implement stimuli and promote
innovation in companies. There
were two basic commitments
made with the ST&I area. The
first one was to significantly ex-
pand public investment to (i) ex-
pand and consolidate the nation-
al S&T system, with a view to
improving its regional distribu-
tion; (i1) prioritize R&D in stra-
tegic areas; and (ii1) better artic-
ulate the objectives of scientific
and technological development
and social development (includ-
ing support to the consolidation

and expansion of local production
and innovation systems). The sec-
ond commitment was to articu-
late the national ST&I strategy
with the other federal policies,
especially the industrial policy.

The policy of S&T advanced
significantly in two situations: (i)
it interrupted the instability of the
previous fifty years in the alloca-
tion of public resources; (ii) from
such stabilization, it provided a
significant increase in the fund-
ing from federal public resources
to the S&T infrastructure. There
was also a growing but modest
spatial de-concentration of S&T
activities.

It should also be mentioned
the emphasis given since 2003 to
the increase in scientific and tech-
nological qualification through
significant investment in the cre-
ation of new public universities
and federal institutions of profes-
sional and technological educa-
tion, in addition to the re-estab-
lishment of the existing ones.
Since 2003, eighteen new public
universities have been created in
previously unrecorded regions, in
addition to more than 280 feder-
al institutes of education, science
and technology, with technical
courses, mostly integrated with
high school, graduation and tech-
nological degrees, specializations,
master’s degrees and doctorates.
These were mainly aimed at mo-
bilizing technological research
linked to the specificities and vo-
cations of local and regional de-
velopment.

The Brazilian policy of sup-
porting the S&T infrastructure
presented these and other modest
positive results, but the innova-

tion policy continued to be sub-
ordinated to the canons of the
“institutionalist convention of
neoliberal fashion” (Erber, 2011).
The Innovation Law followed the
proposals upheld by international
organizations, such as the OECD
and the World Bank, without ma-
jor changes. It was based on two
mechanisms that intended to (a)
stimulate the interaction of uni-
versities and companies (incuba-
tors, innovative cities, technolog-
ical innovation centres, innovation
networks, technological plat-
forms, among others) and (b) re-
duce the costs of innovation.
Much of this was done through
fiscal and credit incentives focused
on innovative activities, allocated
by the Ministry of Science, Tech-
nology and Innovation, BNDES
and Finep.?

As detailed elsewhere 1n oth-
er papers (Cassiolato and Lastres,
2016), the impact of this policy
was very modest. The main crit-
icism of these mechanisms is that,
since they are generic, they main-
ly serve to reduce R&D costs in
activities already carried out by
companies. Moreover, only com-
panies that declare net income can
benefit from most incentives; mi-
cro, small and medium enterpris-
es do not have access to them.
Therefore, the type of policy pur-
sued is, by definition, too limited
to encourage new innova-
tion-driven investments. In addi-
tion, they are intended for a lim-
ited number of agents, activities
and regions.®

Most part of the support ef-
fectively used by the industrial
sector was directed towards the
purchase of machinery and
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We are experiencing a
regressive specialization
process in which economic
activities that are less intensive
in science and technology

and less able to add value to
production are prioritised.

equipment, which actually indi-
cates a technological moderniza-
tion more than a commitment to
innovation. Thus, it is not sur-
prising that data from IBGE’s
Technological Innovation Survey
(Pintec) show that, over almost
two decades of active policies,
expenditure on innovative activ-
ities by companies has fallen in
relative terms: from 3.89 % of net

sales revenue in the period 1998-
2000 to 2.80% between 2004 and
2006; 2.60% between 2006 and
2008; 2.37% between 2009 and
2011; and 2.12% between 2012

and 2014. In addition, it should
be noted that the subsidiaries of
transnational companies are the
ones that have benefited the most
from tax incentives and financ-
ing for innovation, with results
close to zero. Despite the bene-
fits received, these companies,
for the most part, have dimin-
ished R&D and innovation ef-
forts in the country. Even more
serious than the reduced com-
mitment to Brazilian technolog-
ical advancement by these com-
panies is that this was accompa-
nied by a significant increase in

-
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transfer of profits and dividends
to their parent companies, espe-
cially after the 2007 crisis. Since
then, there has been a large in-
crease in these transfers which
jumped from the annual average
of US$ 5 billion in the period
1990-2005 to a surprising sum
of US$ 25 billion per year as of
2007 (values related to 2009).7

In conclusion, S&T and in-
dustrial policies were not geared
to harnessing the progress of so-
cial policies, failed to anchor the
positive results of the training
policy and expansion of the S& T
infrastructure and did not pre-
vent the country from continu-
ingloss of its productive and tech-
nological capacity. This involu-
tion is associated with the very
conception of policy, based on
exogenous models, with decon-
textualized application, and out-
dated, based mainly on a restrict-
ed and linear notion of innova-
tion. Its main problem is the
absence of a national development
project to guide it and give it co-
herence.

As of 2016, with the deep-
ening of the austerity policies,
the importance of ST&I was re-
duced. The Ministry of ST&I
was absorbed by the Ministry of
Communications. In addition,

The increased
internationalization of the
Brazilian productive structure
hampers the local development
of technology and innovation.

there was a drastic reduction of
budgetary resources, which chal-
lenged the advancements ob-
tained in the previous period
and the very survival of the
country’s education and research
institutions.

The structure of Brazilian
production

At the beginning of the 2000s,
the Brazilian industry was char-
acterized by a fragility that “was
reflected in the commercial vul-
nerability in almost all the indus-
trial areas with greater added val-
ue and, mainly, in the areas with
sophisticated technological con-
tent”; the same fragility was “ev-
ident in the traditional industries
of non-durable consumer goods”
(Cassiolato, 2001, p.7). The ex-
plosion of the Chinese develop-
ment throughout the 2000s and
the generation of respectable bal-
ances in the Brazilian trade bal-
ance — thanks to the increase in
the price and volume of our com-
modity exports —only postponed
the revelation of problems already
perceptible at the time. Since then
and until the present decade, the
Brazilian economy and society
have undergone many transfor-
mations. Social inclusion policies
and the improvement in income
distribution (but not wealth) have
been reversed since the beginning
of the decade of 2010, showing
the political and institutional fra-
gility of this process. From the
point of view of the productive
structure, we keep on having a
poor competitive performance,
with commercial fragility in all
segments with high value-added

and high technological content.
With few exceptions, Brazil is
only competitive in activities
linked to commodities with large-
scale, low value-added production
that is intensive in energy and
natural resources.

Between 1947 and 1985, the
value-added share of the Brazil-
ian manufacturing industry in
GDP grew from 19.8% to a peak
of 35.9%. Since then, it has been
losing ground, reaching 18% in
2003, 13.1% in 2013 and 11% in
2016. In the industrial sector, there
is also an inability to incorporate
activities that characterize the
Third Industrial Revolution. For
example, the value of industrial
transformation (ITV) of the col-
lection of information and com-
munication technologies (ICTs)
has been losing relative share of
total ITV in manufacturing in-
dustry, dropping from 5.5% in
2000 to 2.17%1n 2015. In In terms
of GDP, the weight of these in-
dustries was approximately 1.4%
in 2000, but dropped to 0.97% in
2005 and 0.21% in 2015.°

The relative weight of the in-
dustrial sector has decreased and
the innovative capacity remains
low. It is increasing in the weight
of sectors less intensive in tech-
nology, as well as its dependence
on and fragmentation among Bra-
zilian productive systems. This
scenario has led to a regressive
specialization process (Coutinho,
1997), with important loss at the
“core” of the Brazilian industrial
network (Cano, 2012). This dein-
dustrialization and the deteriora-
tion of the industrial fabric are
linked to a development model,
implemented in the 1950s and
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which continues to this day, in
which the attraction of transna-
tional companies plays a key role.
In the last decades, this has led to
a growing denationalization of
the economy. Central Bank® data
show that the stock of foreign cap-
ital in the Brazilian industry in-
creased from US$ 41bn in 1995
to US$ 162.8bn in 2005 and US$
703bn in 2016. The share of for-
eign capital in GDP increased
from 6.1% in 1995 to 17.7% in
2005, and 25% in 2016.

The increase in the interna-
tionalization of the Brazilian pro-
ductive structure is a significant
impediment to the local techno-
logical and innovative develop-
ment, since the main technolog-
ical activities of the subsidiaries
of the transnational corporations
are reduced to adaptations and
improvements of products and
processes. Moreover, these com-
panies import many inputs (Cas-
siolato ef al 2015).

In Brazil, the opening of the
1990s was expected to motivate
innovative and technological ef-
forts by foreign firms, contribute
to structural change and reduce
the trade deficit by increasing ex-
ports. However, most part of the
new investments were market
seeking, aimed at exploiting the
opportunities offered by the do-
mestic market (including Mercos-
ur) and acquiring local companies.
There was little new investment.
In another paper (Cassiolato and
Lastres, 2013), we comment that
the technological efforts of trans-
national corporations in periph-
eral countries are almost exclu-
sively adaptive. Several studies

about Brazil (Cassiolato et al 2014)
empirically demonstrate this ar-

gument.

Innovation,

global system,
financializationand role

of transnational
corporations

After the end of World War 11,
the Brazilian and Latin American
debate on development highlight-
ed the challenge of internalizing
the driving forces of the technical
progress from a broader and more
systemic perspective, not only
from the point of view of inno-
vation, economy and global geo-
politics. Structuralists, in partic-
ular Celso Furtado (1954), point-
ed out that “many of the most
significant manifestations of tech-
nical progress can only be fully
captured through a global view
of the national system, which in-
cludes the perception of the rela-
tions of this system with the en-
vironment by whom it is con-
trolled and influenced”.

This scenario presents a major
challenge for the least developed
countries: the development pro-
cesses of these countries reflect im-
itative processes rather than a re-
flection on internal deficiencies
and potentialities. As pointed out
by Furtado (1974), transnational
corporations obey guidelines that
are exempt from the isolated action
of any government. He goes on to
explain how transnational corpo-
rations block the internalization of
technical progress and the creation
of dynamic centres in the Brazil-
ian productive structure.'

Fajnzylber (1989, p.857)
summed up this discussion, point-
ing out that the “empty set”!! of
Latin American economic and
social development would be di-
rectly linked to the inability to
open the black case of technical
progress. The origin of this situ-
ation would be the very forma-
tion of Latin American societies
and their institutions, as well as
their underdeveloped and colo-
nized cultural context.

In Brazil in the 1990s, the re-
peated emphasis on transnational
corporations led Furtado and oth-
er Brazilian structuralists to warn
of the distortions in the produc-
tion and market structure that
could arise from the monopoly
power of large transnational cor-
porations with the “import of
technologies conceived in the lead-
ing economies according to a con-
stellation of resources totally dif-
ferent from ours.” (Tavares 1972,
50). In Freeman’s words, “the in-
discriminate importation of tech-
nologies developed for complete-
ly different environments can have
disastrous social and employment
effects” (1982, p. 184). Techno-
logical dependence is the reason
why peripheral countries are gen-
erally unable to break with the
economic domination to which
they are subjected, even with a
high degree of diversification.

The negative effects of trans-
national corporations’ subsidiaries
become clearer when it is realized
that the morphology of these com-
panies and their strategies have
changed profoundly in the global-
ization dominated by finance,
which has subordinated them to
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the logic and to the command of
financial capital, shaping new links
between finance and industry.

Most of these strategies are
based on the centralization of fi-
nancial assets held by a holding
company, most often located in
tax havens, outside the reach of
legislation and control by the in-
stitutions of their original coun-
tries. Transnational companies are
characterized by a relative decline
in the importance attributed to
the production activities, increas-
ing the relevance of financial ac-
tivities and the appropriation of
value in intangible assets.Sauviat
and Chesnais (2005) discuss the
negative effects of these pressures
and the tendency to maximize the
short-term return on investments,
to the detriment of those that im-
pose longer returns (such as edu-
cation, training and R&D). They
point to the predominance of
adaptive rather than innovative
strategies, warning that such a re-
gime is based on the exploitation
of skills accumulated in the past,
mainly by public education and
research organizations. Thisjeop-
ardizes the ability to keep on fi-
nancing and producing knowledge
and innovation in the future. Ser-
fati (2008) adds that in most cas-
es, the new strategies try to pre-
serve activities that allow the ob-
tainment of high profit margins,
such as business intelligence and
design, final product integration,
technical assistance and other af-
ter-sales services.

Maintaining and expanding
the R&D laboratories in the dif-
ferent national spaces allows the
transnational company to have

greater access to the capabilities
and technological routes devel-
oped in each national innovation
system. Thus, the irradiation of
the technological advance follows
an inverse direction to the one
that supposes the usual argument:
when it is the transnational com-
pany that holds the main capac-
ities and is organized worldwide,
with unique positions of bargain-
ing, it succeeds to absorb the dif-
ferent matrices of knowledge
available in the different nation-
al innovation systems, not the op-
posite (Cassiolato, Zucoloto e Ta-
vares, 2014).12

In cases in which Brazil stands
out, the so-called international-
ization of R&D activities refers
primarily to the acquisition of
local capacities by transnational
companies, especially by the ac-
quisition of domestic companies,
whose R&D laboratories are “in-
herited” by the buyers. There are
many examples where the oper-
ations of these laboratories are
reduced or closed (Cassiolato et
al.,2001). Thus, the objectives of
the developing countries, partic-
ularly Brazil, are illusory and mis-
leading in attracting foreign in-
vestment in the expectation that
it will automatically constitute a
pillar of industrial renewal and of
an increase in domestic techno-
logical capacity. They underesti-
mate the nature and strength of
structural factors that significant-
ly modified the strategies and in-
vestment priorities of the trans-
national corporations.

These transformations are
consistent with the internation-
al division of labour identified

by Furtado, now with new char-
acteristics, while maintaining the
concentration of knowledge-in-
tensive activities in the central
countries, with the less strategic
activities located in peripheral
countries. In denying the hy-
pothesis of the benefits of the
international division of labour
based on the neoclassical princi-
ple of comparative advantages,
Furtado makes clear that the di-
vision of labour between centre
and periphery maintains and
widens the gaps in development
and knowledge among nations.
Leading countries in more so-
phisticated products and services
preserve their positions, while
the less developed ones are re-
stricted to an increasingly obso-
lete and non-competitive pattern
of production and export. Fur-
tado also realized that the pro-
cess of denationalization and de-
struction of the productive and
innovative endogenous capacity
generates a loss of degrees of free-
dom in politics driving. It in-
creases political and economic
subordination to the interests of
international financial capital and
large multinational conglomer-
ates, creating constraints exter-
nal to the expansion of exports,
the development of the national
production and the endogenous
capacity to generate knowledge
and innovation (Tavares and Fio-
ri, 1997; Fiori, 2001).

At the beginning of the 21st
century, the process of interna-
tional insertion of Brazil and Lat-
in America reproduces the one of
the beginning of the 20th centu-
ry. In this “peripheral reinsertion,”
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our countries specialize in the less
complex parts of productive ac-
tivities. This mainly includes com-
modities based on large-scale pro-
duction, low unit price and in-
tensive use of natural and energy
resources, produced with simpli-
fied technologies and repetitive
work. The labour force involved
in this productive process costs
less and works in more precarious
and “flexible” conditions, which
do not require high levels of train-
ing or knowledge. The main ac-
tivities in these cases are focused
on the execution, distribution and
assembly of products.

The peripheral participation
in the international trade flows
is similar to the one of one cen-
tury ago. The centre extends the
domain of knowledge/creativi-
ty-intensive activities, which are
strategic and value-generating.

It 1s necessary to understand
the systemic character of the in-
novation process, associated with
economic and technological rela-
tions between countries in the con-
text of globalization dominated by
finance. Only then it is possible to
focus on the insertion of periph-
eral economies and the role of
transnational corporations, making
amore appropriate discussion about
the reasons behind the failure of
the Brazilian innovation policies.

The innovation policy pack-
age introduced in Brazil is very
similar to that implemented in a
big number of developing coun-
tries, also with low effectiveness.'
Different authors point out the
role of international financing
agencies in guiding and imposing
benchmark policy models. Rein-

ert (2016) says that in order to re-
ceive support, poor countries must
refrain from using the knowledge
and policies rich countries have
used and still use. He gathered
much evidence that orthodox eco-
nomic policies do not contribute
to the development of countries,
criticizing the policies of the
‘Washington Consensus and “their
slightly modified descendants”.

The policy measures adopted
in Brazil, despite being guided by
a developmental convention, fit
into the neoclassical perspective,
submitted to the financial logic
(Erber, 2011). Other developing
countries are characterized by
equal subordination, facing sim-
ilar problems. The low effective-
ness of these measures is associ-
ated with a narrow and misguid-
ed perception of the innovative
process and the role and strategies
of its main actors.

In addition to disregarding the
systemic nature of innovation,
these measures overestimate the
role of subsidiaries of transnation-
al corporations, considering them
as one of the main players in the
technological development of host
countries. Moreover, they ignore
the changes in global production,
especially the new strategies of
these companies.

Conclusion:

innovation policies and
development, dilemmas
to be deciphered

As commented in this article, the
industrial structure installed in the
country has not been able to move
forward to internalize and improve

Innovation is not limited to

cutting-edge activities. It applies
to all segments, including the
most traditional ones, where
Brazil has promising job and

income generation for the
majority of the population.

the productive and innovative ca-
pacities, and thereby becoming
more capable of contributing to
Brazilian development.

There have been undeniable
successes in consolidating and ex-
panding the Brazilian education
and research infrastructure, par-
ticularly with the creation of new
federal public universities in re-
gions far from the most important
economic centres, and the signif-
icant expansion of federal techni-
cal schools. But industrial and in-
novation policy has been unable
to meet the challenges brought
about by the global reorganization
of production and the changes in
the strategies of the main agents
of the process — the large multi-
national companies.

Innovation is not limited to
cutting-edge activities. It applies
to all segments, including the most
traditional ones. It is vital to un-
derstand it and to extend the in-
novation policy, especially in
countries such as Brazil, with a
heterogeneous productive struc-
ture, regional inequalities and tra-
ditional sectors with great impor-
tance in the generation of em-
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ployment and income. Working
with innovation systems requires
a fresh look at this process and at
the specific reality in focus. It is
about building a path of its own
rather than seeking a linear catch-
up from benchmarks of the expe-
rience of developed countries. A
path that takes into account the
country’s history, geopolitics and
territorial conditions.

Policies cannot be limited to
providing mechanisms and incen-
tives for companies to carry out
specific R&D projects. The in-
novation activities of companies
are subordinated to their more
general strategies, existent within
the productive and innovative sys-
tems in which they are inserted.
This requires systemic, territorial
and focused policies with a long-
term perspective, capable of mo-
bilizing cooperative projects that
respond to the challenges of in-
dustry and society.

‘We have seen that the Brazil-
ian industrial structure has lost
density and quality. Its inter-sec-
torial linkages have weakened and
imported content has increased,
especially in the segments of great-
er technological intensity of high-
er aggregate value. This is not
only due to the limitations of ex-
plicit industrial and technological
policies. The perverse national
macroeconomic environment that
values exchange rates, high inter-
est rates and other characteristics
has acted as a powerful implicit
policy against productive and in-
novative effort, directly impacting
investment decisions, especially
those of risk, such as those related
to innovation and technological
development.

These conclusions highlight
the importance of analysing the
influence of macroeconomic sce-
narios and of the political-insti-
tutional context of policies to pro-
mote development. It is necessary
to know how Brazil is inserted in
the global geopolitical scenario,
the orientation given to the de-
velopment and the real conditions
of implementing any policy, es-
pecially for ST&I. The dynamism
of our economy is further threat-
ened by the austerity policy and
the fiscal adjustment in place since
2015. It is also necessary to take
into account the global econom-
ic crisis, which began in the Unit-
ed States and has spread and deep-
ened as of 2008.

We reiterate the important leg-
acy of the authors who have helped
us to understand the nature of the
crises of the world economy and
the means to overcome them. The
ability of public and private pol-
icies to support and reorient the
national production and innova-
tion systems must be acknowl-
edged. Freeman (2003, 2007), for
example, has always pointed out
the relevance of such capacity, par-
ticularly in times of ruptures and
crises, which he associated with
changes in techno-economic par-
adigms. To resume development
in the 21st century, he stressed the
need for policies to regulate and
renew productive and innovative
capacities, observing the impera-
tives of social inclusion, reduction
of inequalities and environmental
sustainability. At the beginning
of the millennium, when many
hailed the advantages of the re-
duced State and minimum poli-
cies, he advocated exactly the op-

posite: “The active policy agenda
is broadened rather than becom-
ing obsolete. This requires de-
ploying even more sophisticated
ways to promote industrial and
technological development, tak-
ing into account local and nation-
al conditions, the new pattern of
accumulation, and new forms of
governance at the global level”
(Freeman, 2003).

The current global crisis has
economic aspects (low world GDP
growth, stagnation of internation-
al trade and global demand for most
goods and services, low levels of
investment), social aspects (in-
creased inequality and poverty)
and, above all, politics aspects
(threats to the democratic order
and the emergence of radicalism
from theextreme right). It is exac-
erbated by the hegemony of aus-
terity policies, added to increased
protectionism. All this requires a
reflection on the future possibili-
ties of the productive and innova-
tive development in Brazil and of
its ST&I policy, which depends on
some basic factors. The first and
most important one is the estab-
lishment of a long-term strategic
vision, capable of building consen-
sus and support — that is, the defi-
nition of the country project that
we want and can implement. The
second one refers to the need to
visualize an appropriate, cohesive
and forward-looking development.

It is urgent to define a nation-
al development project that is in-
clusive, cohesive and forward-look-
ing, able to recover the long-term
planning and the ability of con-
sidering the heterogeneity and
specificity of the Brazilian social
and economic structures.
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The perverse
macroeconomic
environment - whereby
priority is placed on
exchange rates and
high interest rates -
impacts investment
decisions and hampers
the greater innovative
effort that the Brazilian

economy needs to make.

r

In spite of the rhetoric about
the systemic dimension of inno-
vation, the Brazilian ST&I policy
has supported the university’s ap-
proach to the productive sector
and support for R&D through fis-
cal and credit incentives in recent
decades. Focusing only on the
treatment of market failures, this
concept was disseminated at an
international level, with few ex-
pressive results (Cassiolato e Las-
tres, 2011).

For the success of the policy,
it 1s necessary not to mimic the
agendas of the countries consid-
ered to be more developed. The
contextualization of politics must
be placed at the centre of the de-
bate, adapting it to the specifici-
ties of the Brazilian society and
economy and its development ob-
jectives.

The contextualization of pol-
itics means to prioritize the main

problems of our economy and so-
ciety, seeking to converge the pro-
ductive development and actions
with the social impact. In addition
to the tendency to copying mod-
els, agendas and policy instruments
generated in other contexts, with
no adjustments, we have decou-
pled the goals of ST&I (and in-
dustrial) policy and the needs of
the social development. Demands
for health, education, housing,
transportation, sanitation and cul-
ture, among others, are intensive
in productive and innovative qual-
ification and in new technologies
that cannot be imported. They are
specific to the different territories.

The agenda needs to keep the
social dimension at the centre of
its concerns by mobilizing and
consolidating the new education-
al and technological research struc-
tures, focusing on local problems
such as federal institutes, new re-

gional public universities and tech-
nological vocational centres. These
institutions are already being used
in an incipient way in the techno-
logical training and in the diffu-
sion of S&T knowledge, with a
view to improving the local pro-
ductive arrangements, but this
concern is still low.

A great opportunity would be
to stimulate the development of
productive and innovative arrange-
ments aimed at increasing the qual-
ity and provision of essential pub-
lic services. The policy should be
geared mainly to mobilize and
strengthen capacities, activities and
productive and innovative systems
to provide food, health, education,
housing (with sanitation and access
to water and energy), solid waste
treatment, and culture, among oth-
ers public services.

In addition to promoting great-
er integration and strengthening

T. DALLAS/SHUTTERSTOCK.COM
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structural challenges

of development policy, ST&I pol-
icies must advance in the exploita-
tion of the territorial dimension.
So far, they still incorporate an
outdated view, from the spatial
point of view. They still put the
regional question only as a com-
pensatory appendix. The sectori-
al approach is still devised in a
de-territorialized way.

Finally, Brazil should take ad-
vantage of the opportunities aris-
ing from the exhaustion of the
productive paradigm based on
mass production and consump-
tion, intensive in the exploitation
of non-renewable natural re-
sources. Given our specificities,

the potential of the new paradigm
that revolves around sustainabil-
ity is significant. It is necessary
to choose priorities that relate to
the great challenges of the Bra-
zilian society. The selection of
sectors considered as “strategic”
or “bearers of the future” should
prioritize the ones with the great-
est impact on our economy and
society. Besides opening new and
adequate spaces for Brazilian de-
velopment, such proposals have
the potential to solve some of
their most serious distortions and
more pressing threats: deindus-
trialization and increasing im-
ports of manufactured goods,

technologies and other goods and
services.

Such a strategy can contribute
to reverse the logic that has pre-
vailed in the Brazilian develop-
ment, unveiling, mobilizing and
rooting future-bearing potential.
This path is far from trivial. How-
ever, it is one among several pos-
sibilities considered by Celso Fur-
tado, his colleagues and followers
for a long time: advance in the
understanding of the dilemmas
placed for our development and
to persevere in deciphering of ways
to reach the goal. It is agenda on
which the role of foreign capital
would be, at most, marginal. =

Notes

1.
2.

See Cassiolato, 2001.

The three main sources of funding for public science and technology
institutions - the FNDCT and the budgets of CNPq and CAPES - re-
ceived in 1985 only 40% of the amount allocated to them in 1979
(Bielchowsky, 1985).

3. Coutinho, 2005.

Cassiolato, 1992; Cassiolato and Lastres, 2016; Castro et al., 2017.

Unfortunately, at the beginning of the second decade of the millenni-
um, an agenda that emphasized state purchasing power as an important
innovation policy mechanismwas barely introduced. A small positive
result was achieved, especially in the health area, but the experiment
was abandoned in 2016.

On what we call the invisible exclusion by concepts and policy models
restrictive by definition, see Lastres and Cassiolato, 2017.

2000-2015 data from Pintec, regarding the subsidiaries of transna-
tional corporations with more than 500 employees in technology-in-
tensive sectors, demonstrating the dramatic nature of the situation.
In the activities that received the most tax and credit incentives (au-
tomobile, pharmaceutical, communications equipment, chemical
and machinery and equipment industries), transnational corpora-
tions, in fact, significantly decreased their expenditures with inno-
vation in Brazil (Cassiolato e Lastres 2016 e Cassiolato, Szapiro e
Lastres 2015).

IBGE data. As a comparison, between 2008 and 2010, in the USA, the
weight of ICT in general GDP was approximately 9% and in the Eu-
ropean Union it varied between 5% and 7% (Cassiolato et al., 2015).
The emptying of the productive and innovative systems of the elec-
tronic complex (communications and computer equipment) can be

13.

noticed with the observation that, as of 2008, approximately 70% of
the final Brazilian demand for these products was supplied by imports.
The national industry already differed “very little from a typical make-
up industry” (Morceiro, 2012, p. 190).

https://www.bcb.gov.br/Rex/CensoCE/port/resultados_censos.as-
p?idpai= CAMBIO

. Furtado, 1981. In his 1954 book, Furtado already claimed that the re-

muneration of foreign investments meant a resource leak that limited
the possibility oflocal reinvestment. The inflow of foreign capital, even
in periods of great influx (1925-1929), was not sufficient to compen-
sate for the services of the corresponding capital, in addition to aggra-
vating the problem of external vulnerability, limiting the possible in-

vestment rate.

. The empty set expression refers to a matrix which vertical reference

means growth and the horizontal means income distribution. In Lat-
in America, there are no countries that were dynamic and had a good
income distribution at the same time: this is the empty set in this

region.

.Although a specific national innovation system is not articulated in

such a way as to generate an innovative (and therefore productive) dy-
namic, it will almost always have specific capabilities and complemen-

tary assets useful to the global transnational strategy.

Scerri and Lastres (2013) and Cassiolato and Vitorino (2010) present
evidences in this direction for the innovation policy of Brazil, Russia
and South Africa. Kahn, Melo and Matos (2014) show, for the same
countries, the shortcomings and lack of financial mechanisms to sup-

port innovation.
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The Brazilian enerqy matrix

to the 2050 horizon

The Brazilian energy reserves ensure our self-sufficiency. On
the horizon of non-renewable sources already studied, Brazil
has reserves of more than 20 billion tonnes of oil equivalent
(toe) to meet an annual demand of 600 million toe by 2050.
In other words, the reserves of these sources can meet the
demand for more than thirty years. Even more surprising is
that Brazil has potential renewable sources of more than 7
billion toe, almost ten times our demand in 2050.

According to the 2017 National Energy Balance (BEN
2018), published by the Energy Research Company (EPE)
of the Ministry of Mines and Energy, the domestic energy
supply was 293.5 million toe, for a consumption of 260.0
million toe, with a loss of 33.5 million toe. Brazil also stood
out in 2017 for the quality of this offer, with 43.2% of re-
newable sources, when the world average is 13.7%. In 2017,
the main renewable sources were biomass of cane (17.4%),
hydraulic (11.9%), firewood and charcoal (8.0%), black li-
quor and others (5.8%).

Presently, EPE prepares studies and coordinates debates
to build the new energy matrix, having as a horizon the year
2050 and calling it the National Energy Plan (PEN 2050).
Available studies indicate that in the current year Brazil will
demand about 600 million toe in energy.

The recently released technical note PR 04/18 of the EPE—
Energy Resources Potential 2050 — brings important tech-
nical information about our energy matrix. In addition, it
offers elements to define strategies and public policies for the
exploitation of the matrixin order to guarantee energy secu-
rity in the first half of the 21st century. It also offers the means
to increase the use of these energy resources with minimal
harm to the environment.

This paper aims to offer a synthesis of the study provided
by EPE through NT 04/18. The energy balance in the 2050
horizon, made by EPE, is shown in Figure 1.
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Brazil has large-scale energy resources that are more than enough to meet the needs
of society in the long term. Our development strategy should focus on renewable
sources. The Northeast region can become a major energy supplier for the whole
country, due to its winds, sunshine, and 3,000km of coastline for the construction of
offshore plants. It houses the largest reserves of uranium, produces a lot of biomass
and has area suitable for planting energy forests.




enerqy matrix

From the point of view of do-
mestic supply, the energy matrix
synthesized in Figure 1 places Bra-
zil at a comfortable level in the
next thirty years. Considering do-
mestic demand estimated at 600
million toe by 2050, Brazilian
needs could be met only with po-
tentially available non-renewable
resources. Most important: the
estimated renewable resources are
ten times higher than our needs.
The challenge to governments
and society is to maximize the use
of renewable energy sources to
meet our energy needs, increas-
ingly avoiding the use of pollut-
ing sources.

Brazil was a pioneer in the sub-
stitution of petroleum derivatives
for sugarcane alcohol in the late
1990s. At the time, the Pro-dlcool
program showed the world an im-
portant way to reduce the effects

of greenhouse gas emissions, main-
ly in the transportation of people
and goods. The automobile indus-
try was modernized and produced
a line of flex-fuel vehicles, now
predominant on the market. The
Brazilian Solid Waste Law in force
since 2010 suggests the use of bio-
mass of urban waste in energy gen-
eration. Although still in its be-
ginnings, energy forestryis already
present in Brazil; and wind and
solar power has begun to occupy
an important space in our matrix.
Unfortunately, the country lacks
the definition of an integrated
long-term strategy for the use of
our abundant energy resources.
This will require a broad debate,
capable of producing a social con-
sensus that reconciles commit-
ments to economic and social de-
velopment on the one hand and
environmental sustainability on

Figure 1| Brazilian energy potential (millions of Tep)

SOURCE
Biomass
Hydraulic
Onshore Wind
Offshore Wind
Renewable PV Onshore
Hydrothermal
PV Offshre

Oceanic

SUB-TOTAL 2

2015 - 2050
531
74
30 Non-renewable
1.356
43
57

5.247

the other, based knowledge of our
own energy wealth.

Brazil intensified inventory
studies of its energy resources
in the second half of the 20th
century after creating Petrobras
and Eletrobras, coordinated by
the Ministry of Mines and En-
ergy, which also prospected for
mineral resources. Universities
played a decisive role in sup-
porting the development of these
studies.

At the turn to the 21st centu-
ry, Brazil institutionalized more
robust energy planning with the
creation of the National Energy
Policy Council (CNPE, August
1997) and the Energy Research
Company (EPE, March 2004).
In 2007, EPE prepared PNE-2030,
its first integrated energy plan
with a long-term view, marking
the resumption of the national

SOURCE 2015 - 2050
oil 9.047
Natural gas 2.926
Mineral coal 7.157
Uranium 2.411
SUB-TOTAL 1 21.5M

Estimated demand in 2050 = 600 Mtep

34

1.372

Remarks: (1) It includes conventional, discovered, contingent and undiscovered resources. (2) Includes both discovered and undiscovered conventional resources and non-
conventional resources. (3) It considers total reserves, with an average recovery of 77% and heat capacity of 3,900 kcal / kq. (4) It considers total reserves and losses of
mining and beneficiation. (5) It considers areas with irradiation range of 6.0 to 6.2 kwh/m2 (6) It considers areas with radiation range of 6.5 to 6.8 kwh / m2.
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Biomass, rivers, winds,
sunshine, oil, natural gas,
uranium and coal are the
main components of a
diverse and very generous
enerqgy matrix.

energy planning. It was the most
important government study of
integrated energy planning. Since
then, the data provided by PNE-
2030 have been an important ref-
erence in the elaboration of sce-
narios for long-term econom-
ic-energy studies. They have been
used in the various governmen-
tal areas and in energy studies
produced by the most diverse sec-
tors of society. The first govern-
ment guidelines were born with
solid fundamentals to prioritize
the use of Brazilian energy re-
sources.

The plan highlighted the stra-
tegic importance of nuclear en-
ergy; placed hydro-electricity as
a priority source for electric pow-
er generation; increased the im-
portance of natural gas and eth-
anol in the composition of the
energy matrix; and highlighted
the high potential for oil and nat-
ural gas production in Brazilian
land and water areas.

Between 2007 and today
there have been changes: fossil
energy prices returned to great
volatility; society has imposed
severe restrictions on the use of
hydro-electricity (mainly in the

Amazon, where there is great
unexplored potential); there
have been nuclear accidents
around the whole world; wind
and solar energy have become-
cheaper and economically via-
ble; and non-conventional fossil
tuels began to be intensively ex-
ploited in the United States. Such
events have shown that energy
planning is an obligatory instru-
ment for the strategic orientation
of any nation. It is indispensable
to know our energy resources
to use them properly and to pre-
serve them.

Our energy matrix

Recently, EPE published the
Technical Note PR 04/2018, a
reference for the preparation of
the PNE 2050. In the introduc-
tion, the EPE draws attention to
the fact that, although we have
enough resources for self-suffi-
ciency in energy and exportation
of oil, we still import electricity
and fuels.

THE RENEWABLE MATRIX

BIOMASS

This is one of the great Brazilian
treasures. Bioenergy is expected
to reach over 500 million toe, or
about 8% of global bioenergy,
within the plan horizon. Its use
has been growing rapidly. In the
EPE proposition, it recognized
that bioenergy plays a key role in
rural development, in addition to
contributing to the improvement
of the environmental quality of
the energy matrix. In 2014, ac-
cording to the National Energy
Balance, bioenergy accounted for
25.6% of the domestic energy sup-

ply. Cane products contributed
with 15.7%, firewood and char-
coal products with 8.1% and black
liquor with 1.8%.

Brazil can produce biomass
throughout its immense territory.
The country has very favourable
climatic conditions, dominates
with competitive production
technology, and has an abundant
market. In addition, it has insti-
tuted national policies that require
treatment and proper disposal of
waste. The precarious infrastruc-
ture of logistics, predominantly
road transportation, makes it dif-
ficult to expand production and
use of bioenergy.

Despite the high degree of
technological knowledge and op-
erational capacity to produce bio-
mass from sugarcane and forests,
Brazil has an immense amount of
biomass not yet adequately ex-
ploited, especially agricultural res-
idues (such as straw and sugarcane
tips), biodiesel fats, livestock
waste, organic residue from urban
waste, liquid waste from sewage
treatment and biomass from for-
est management.

For the energy plan, the EPE
studied the areas available to pro-
duce biomass in detail, including
the costs in each one of them and
strictly respecting restricted areas,
such as indigenous and quilombo-
la lands, conservation/preserva-
tion/legal reserve areas, urban
areas, wetlands and the legal Am-
azon, among others. The result
of the study pointed to a poten-
tial area of 144 million hectares
for expansion of the agricultural
frontier. Much of it already pres-
ents anthropic use, classified as
livestock or farming, or is cov-
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enerqy matrix

Figure 2 | Evolution of bioenergy potential in the long term
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ered by native vegetation. The
guidelines aimed at enhancing
the use of biomass energy repre-
sent a valuable roadmap for the
formulation of public policies in
this area.

The definition of policies to
expand and exploit the energy
source of biomass, which is essen-
tial for building a clean matrix,
should examine the complex in-
terdependence with other sectors,
such as the environment, agricul-
ture and livestock, food safety,
land use, technological develop-
ment and capacity of financing,
among others. In addition to be-
ing very important by itself, in-
creasing the share of bioenergy in
our matrix is also generating a lot
of less qualified manpower. The
forecasts of the EPE study can be
seen in Figure 2.

It is worth mentioning the EPE
conclusions on bioenergy: “By

2050, the biomass potential will
be 530 million toe. In the year,
agricultural biomass will be able
to contribute with about 165 mil-
lion toe, representing the main
source with potential for bioen-
ergy supply. Together, sugar cane
products — pulp, cane juice for
ethanol, straw and tips — are in
second place and should account
for 152 million toe. In addition,
there are the 17 million toe of
biodiesel produced from palm oil
in the Amazon biome, not repre-
sented in the figure. Fats for bio-
diesel have an energy potential of
56 million toe. And the forest
biomass and livestock waste (used
as biogas) could contribute with
95 million toe and 28 million toe,
respectively. Sustainable forest
management has a potential of 32
million toe.”

“Brazil already has a leading
position worldwide in terms of

renewability of the energy ma-
trix. The projection of biomass
potential for energy purposes in-
dicates there is potentiality to
move forward.”

“The development of bio-
mass-based energy chains can sig-
nificantly increase the supply of
renewable energy through various
energy sources such as biogas, bio-
methane and firewood for clec-
tricity generation. Moreover, since
most of the potential resides in
two large groups, the sugar and
alcohol industry and the residual
biomass, the development of this
potential presents interesting com-
petitive advantages. In the case of
the sugar and alcohol industry,
the main advantage is the produc-
tion park and the already estab-
lished markets. In the case of re-
sidual biomass, the advantage is
in increasing economic produc-
tivity, since there is value gener-
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ation from waste, as well as miti-
gation of local and regional envi-
ronmental impacts.”

THE RENEWABLE MATRIX
WATER RESOURCES
Hydro-electricity accounted for
16.6% of world energy production
in 2014. Brazil, the second largest
country in installed capacity (89
GW), accounts for 8.6% of in-
stalled capacity worldwide. Besides
beinga clean, renewable and low-
cost source, hydro-electric plants
operate in a very flexible way and
their reservoirs play an important
role in the regulation of down-
stream flows. They also present
other important externalities to
the power generation project.
However, the increasingly de-
manded, multiple-use of water by
society has imposed operating re-
strictions, especially in the last
decadewhen there have been suc-
cessive bad hydrological cycles.
Brazil still has great hydroelec-
tric potential to exploit, but they
are located predominantly in the
Amazon region. It is for this rea-
son that society resists to the ex-
pansion of the use of hydro-elec-
tricity in the matrix. Even choos-
ing run-of-river reservoirs with
little deforestation, there are still
arcas of environmental preserva-
tion. The difficulties to implement
new projects are increasing, not
to mention the need to build thou-
sands of kilometres of transmis-
sion lines to cross those Amazo-
nian areas. For this reason, the
selection of new hydro-electric
power plant projects will have to
reconcile deployment costs, en-
ergy benefits and socio-environ-
mental impacts.

The decision to build the Be-
lo Monte plant provoked a great
reaction in Brazil and abroad. The
government had to review the
initial project, significantly re-
ducing the reservoir and, in the
same proportion, the quantity of
energy. Later, when detailed stud-
ies of using the Tapajos River be-
gan, new outbreaks of resistance
resulted in major delays in the
projects. Although this has not
been made explicit, the entities
responsible for energy planning
increasingly moved away from
the hydro-electric alternative in
the Amazon region, where almost
all the untapped potential is
found. New arrangements are
sought to take advantage of this
potential, for example, by avoid-
ing reservoirs construction and
by implanting state-of-the-art re-
versible plants.

Even in the face of such re-
strictions, the EPE included the
Brazilian hydro-electric potential
in the energy matrix in PNE 2050,
since it was inevitable.

According to an Eletrobras re-
port of 1994, the estimated hy-
dro-electric potential was 261.4
GW, of which 61 GW was already
in operation and 10 GW were al-
located to high-end plants. 98 GW
were already inventoried and 102
GW was an estimated value.

In PNE 2030 (Brazil, 2007b),
the potential capacity of 251 GW
consisted of the capacity harnessed
until then (78 GW), with an in-
ventoried capacity (126 GW) and
by an estimated potential capaci-
ty (47 GW). After the publication
of PNE 2030, part of the inven-
tory potential was built or is un-
der construction and part of the

Between 2001 and
2017, the installed
capacity of wind
power plants in the
world increased
from 23.9 GW to
H39.6 GW. Such
equipment also
works offshore on
the surface of the
oceans, extending
its range of action.

estimated potential was the subject
of inventory studies. New inven-
tories were performed and others
were reviewed, increasing the ac-
curacy and reliability of the hy-
dro-electric potential.

After the PNE 2030 was pub-
lished, the hydro-electric inven-
tories of the rivers Aripuani, Ara-
guaia, Branco, Jari, Juruena and
Sucunduri, some of the largest
Brazilian rivers, were carried out
by EPE and approved by Aneel,
which brought greater reliability
to the estimates. The potential
values to be incorporated into
the PNE 2050 only considered
the data collection of the installed
capacity of the hydroelectric
plants, including those with a
power of less than 30MW, not
considering the estimated poten-
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tial capacity (“Monitoring report
of studies and projects of hy-
dro-electric power plants. Sce-
nario of 14/07/2017”, Aneel,
2017). The result of the data col-
lection indicated a hydro-electric
potential capacity of 176 GW,
108 GW 1in operation and con-
struction and 68 GW in inven-
tory (Figure 3).

THE RENEWABLE MATRIX

WIND ENERGY

The use of wind power to gener-
ate large-scale electricity began at
the end of the twentieth century,
either by technological advances
or mainly by government incen-
tives to reduce greenhouse gas
emissions and other environmen-
tal concerns. According to GEWC
(2018), the countries that have
stood out the most in the imple-
mentation of wind power plants
are China (35%), the United States
(17%) and Germany (10%). Be-
tween 2001 and 2017 the installed
capacity of wind power plants in
the world jumped from 23.9 GW
to 539.6 GW — or 22 times greater.
Almost all of this potential is on

Figure 3 | The Brazilian hydroelectric potential

Plant L
.| UHE P<30MW Total Participation
Stage Hydroelectric 0

(GW) (Gw) (Gw) (%)
In Operation and 102 6 108 61.36%
Construction
Potential Hid 52 16 68 38,64
Inventory
Brazilian
Hydroelectric 154 22 176 100%
Potential

Source: EPE. Remarks: (1) Itis considered only 50% of the power of Itaipu (binational plant). (2) From the total

of 52 GW of potential UHEs, about 12 GW do not present interference in the protected areas (conservation

units, indigenous lands and quilombola territories).

land, but facilities at sea are grow-
ing rapidly.

Despite the rapid growth, wind
energy accounted for only 4% of
the world’s generated energy in
2016 (Figure 4).

The first inventories of wind
energy in Brazil were made by
Eletrobras and published in
1979/1980, noticing the great po-
tential in the coastal and rural ar-
eas. In 2001 a new Atlas of the
Brazilian wind potential was de-
veloped (Amarante, 2001), this

Figure 4 | Evolution of installed wind power in the world
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Pioneering countries

have already withdrawn
subsidies for solar energy,
since it has consolidated
as a market and its prices
have fallen sharply.

would be well above the 143 GW
originally estimated.

The participation of wind pow-
er on a larger scale in the Nation-
al Interconnected System (SIN)
still faces operational problems,
such as intermittency, infrastruc-
ture problems and environmental
restrictions in protected areas.

In addition to the onshore
built-up areas, offshore construc-
tion in the world is advancing
with 18 GW installed capacity
and wind turbines up to 12MW
each, as well as blade rotors 220
meters in diameter. The largest
wind turbine in operation in the
world has a rotor with a diameter
nearly twice the diameter of the
London Eye (Figure 5).

Brazil is still starting the ex-
ploitation of offshore wind farms,
but it is already known that the
potential of this source at sea is
extraordinary. According to a
study by Ortiz and Kampel (2011),
it can vary between 57 GW and
1,780 GW.

The Brazilian operational ex-
perience with wind farms is still
incipient (five years old), but
results have already shown that
Brazil, especially the Northeast

Figure 5 | Wind turbine V164, with 9.5 MW

V164-9,5 MW
0164

-

- ~

-

region, is the place where wind
turbines have the best operating
performances in the world. In
addition, Brazil has an excellent
hydro-electric generation base,
which is very efficient in regu-
lating an electrical system with
astrong presence of intermittent
sources, such as wind.

We still do not know how
much wind capacity we can in-
sertin the SIN. The accumulated
experience and the complemen-
tarity of the solar and wind sourc-
es show a very promising future.
The final balance presented by
EPE indicates a potential for the
installation of approximately 60
GW of onshore wind and 2,700
GW on the Brazilian seas, amuch
higher potential than that of the
hydro-electric source.

THE RENEWABLE MATRIX

SOLAR ENERGY

About half of the incoming ener-
gy from the Sun reaches the sur-
face of the Earth, totalling about
885 million TWh/year, more than
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8,500 times the total final energy
consumption in the world (IEA,
2011). These values give the solar
source, considering its multiple
uses, the greatest technical poten-
tial of use if compared to other
renewable sources (IPCC, 2011).

The studies elaborated by EPE
for PNE 2050 considered the ap-
plications derived from two main
ways of capturing the energy of
the Sun, through heat and the
photovoltaic effect. Both allow
this energy to be used for heating
and cooling environments, water
heating, photovoltaic electricity
generation and heliothermic gen-
eration.

The use of this source, espe-
cially the photovoltaic application,
grew 44% in the world between
2004 and 2016, reaching 303 GW
(REN 21, 2017), thanks to gen-
erous subsidies granted by Euro-
pean countries. As the technolo-
gy spread, the pioneer countries
withdrew the subsidies, since it
was consolidated and prices had
fallen, especially in Asia. Only in
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water heating systems there was
an installed capacity of 456 GWh
in 2016 (REN21, 2017).

The geographical position of
Brazil provides high rates of solar
radiation throughout the country,
including winter. Here, the aver-
age irradiation varies from 4,000
to 6,200 kWh/ m?, which makes
the Brazilian territory one of the
most promising for the use of this
kind of resource.

The studies elaborated by the
EPE excluded areas of the Ama-
zon and Pantanal biomes, lands
with a slope of more than 3% and
dimensions of less than 0.5 km?,
and all the indigenous and qui-
lombola areas, as well as the Atlan-
tic Forest with native vegetation,
urban areas and rivers. Further-
more, the EPE even reduced the
study area by 20% to meet other
legal restrictions. As a result, an
area of 960,072km? was identified
as capable of implementing pho-
tovoltaic systems.

Considering only the anthro-
pogenic areas (around 400,000km?)
and irradiating between 6,000 and
6,200Wh year, the EPE estimated
the potential for generating solar
power at 307GW at the peak and
506TWh per year. As arcas with
lower irradiance are also very con-
ducive to the deployment of pho-
tovoltaic plants, the abovemen-
tioned potential is only an indica-
tion, since it may be up to twice
as large. Even with such restric-
tions, Brazil has a potential ten
times greater than the installed
power in Germany until 2014.
Compared to the generation ca-
pacity of all the sources already
implanted in Brazil (about
120GW), the solar potential (on-

shore) represents the triple of the
generation capacity.

What has still not been con-
sidered is the possibility of using
distributed generation,whereby
consumersinstall solar generators
in or near their residence. Aneel
regulated this possibility through
Resolution 482/2012, calling it
distributed generation. To date,
about 40,000 micro- and mini-gen-

erators have already been installed
in Brazil, and it is expected that
they will be 1.2 million by 2024.

Recent studies, developed by
EPE/GIZ, showed that available
residential areas would be suffi-
cient to produce energy in dis-
tributed form to supply the
equivalent of 2.3 times the resi-
dential consumption of Brazil for
the horizon of the 2050 Plan.

Figure 6 | Projections of conventional daily oil production in Brazil
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[he Brazilian energy matrix to the 2050 horizon

Currently, the distributed pho-
tovoltaic power supplies only
0.45% of Brazil’s residential load,
estimated at 134,000GWh/year.
Thatmeans thatabout 80,000MW
would have to be installed to
meet the whole residential con-
sumption. There is enough space
to supply twice as much. The
growth potential of this alterna-
tive is fantastic.

The government has recently
released a credit line of R$ 2 bil-
lion for individuals via BNDES.
This will greatly boost distributed
generation.

In addition to this enormous
land potential, the Brazilian coast-
line has spectacular potential. The
data is still scant, but the EPE esti-
mated a possibility of installing more
than 5,000GW of capacity, produc-
ing energy of up to 94,000TWh/
year.

Another application to take ad-
vantage of solar energy are the
heliothermic plants. They are not
as modular as photovoltaics and
require the presence of infrastruc-
ture, the availability of land at ac-
ceptable costs, and proximity to
the load centres, among other fac-
tors. Using as reference the work
of Burgi (2013), the EPE estimat-
ed that the potential for building
heliothermic plants in Brazil can
range from 90GW to 400GW,
depending on the chosen technol-
ogy — the parabolic cylinder or the
solar tower.

NON-RENEWABLE MATRIX

OIL AND NATURAL GAS

Soon Brazil will join the club of
the world’s largest oil producers.
EPE’s expectation is that we will
have more oil than needed for our

Figure 7 | Estimates of demand and surplus of conventional oil production in Brazil until 2050
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future consumption, which is ex-
pected to grow more than 50%
over current consumption. Even
with this comfortable forecast, we
should not seek to expand our con-
sumption, since, as we have seen,
there is enough renewable energy
for the Brazilian needs.

The Technical Note indicates
proven world reserves of 1.7 tril-
lion barrels, with 70% in OPEC
countries. In Brazil, proven oil
reserves reached about 13 billion
barrels, or 0.7% of world reserves.
Our natural gas reserves reached
0.4 trillion cubic meters, or 0.2%
of world reserves.

Based on the discoveries and
production of 2016, Brazilian
reserves would meet our oil pro-
duction for fifteen years and the
gas production for eleven years.
If potential reserves were con-
sidered, Brazil would have suf-
ficient oil reserves for 27 years
and natural gas production for
21 years at the levels of demand.
By 2050 the daily production of
petroleum should reach double
the current one, as shown in Fig-
ure 6. With this level of produc-
tion, Brazil will have a signifi-
cant available export volume, as
shown in Figure 7.
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We can also become a major
producer of natural gas, a welcome
source from the environmental
point of view, when compared to
other fossil fuels. The challenge is
to increase gas production regard-
less of oil production in order to
allow autonomous strategies for its
usage, which is different from the
current scenario. The EPE empha-
sizes that “[i]t is worth highlight-
ing the huge areas with potential
new discoveries of non-associated
natural gas accumulations, such as
the ones in the basins of Acre-
Madre de Dios, Seal, Solimdes,
Amazonas, Parnaiba and Parand.”

Decennial plans should point
out ways to discourage the con-
sumption of petroleum by-products
(heavy oils, diesel, gasoline etc.),
so that they are increasingly re-
placed by natural gas. In the Bra-
zilian territory there are large ar-
eas with potential exploitation of
non-oil associated gas.

As Figure 8 shows, if we con-
sider the resources not yet discov-
ered our natural gas production
could be up to five times higher
than the current one. It is import-
ant for the country to move in this
direction. If we employ gas-fired
power plants at the base, that is,
24 hours a day, this would create
a robust market for gas, allowing
the elimination of heavy-fuel or
diesel fuelled thermal plants.

In assessing the energy resourc-
es of oil and gas sources, the EPE
did not include the exploitation of
the so-called non-conventional
sources. The United States started
to exploit these resources to the
point of unbalancing the world
market, but the Brazilian author-
ities believe that it is too early to

Figure 8 | Daily production estimates - natural gas (net potential) in Brazil by 2050
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Oil and conventional natural
gas are abundant in Brazil. The
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resources with minimal environ-
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The Brazilian energy matrix to the 2050 horizon

introducing socio-environmental
constraints. This issue must be fur-
ther elaborated for the plan.

According to the EPE, the so-
clo-environmental criteria adopted
incorporates the guidelines of the
environmental and regulatory agen-
cies, besides discarding areas of high
environmental sensitivity, such as
conservation units; areas for envi-
ronmental protection and sustain-
able development; indigenous lands
and areas occupied by remnants of
quilombos; urban areas; and areas of
marine life, such as manatees, por-
poises and Bryde’s whales.

Even so, society must revisit
the guidelines of these environ-
mental agencies, especially those
of IBAMA for conservation units
and their buffer zones; indigenous
lands and priority areas for con-
servation, sustainable use and shar-
ing the benefits of Brazilian bio-
diversity.

NON-RENEWABLE MATRIX

URANIUM

Uranium is a very important en-
ergy generator for the world, de-
spite the risks inherent in its use.
So far there have been few accidents
at facilities that use uranium as an
energy generator, but the conse-
quences in all cases have been very
serious. Therefore, the incorpora-
tion of nuclear energy in the world
energy matrix is controversial. The
most intensive use of this energy
source is the generation of electric
energy. In the world, there are cur-
rently about 375,000MW (World
Energy Outlook) produced by nu-
clear reactors in operation. This
represents more than three times
the capacity of the electric power
generation implemented in Brazil.

The debate is about whether or
not this source should be used for
electricity generation in Brazil, a
country that holds about 5% of the
world’s uranium reserves and is the
fourteenth in the world produc-
tion. In the joint strategic guide-
lines of the Ministries of Environ-
ment, Mines and Energy, Devel-
opment, Industry and Commerce,
Science, Technology and Innova-
tion and Defence, inserted in the
Brazilian Nuclear Program, Brazil
must consolidate itself as an im-
portant manufacturer of nuclear
fuel, in order to develop compe-
tence in all stages, from the man-
ufacturing of equipment to the pro-
duction of fuel elements, through
Nuclebras. The plan establishes a
great effort to strengthen regula-
tion of this sector in Brazil.

Brazil belongs to the select
group of countries (including the

United States and Russia) that
dominates the entire fuel cycle and
has reserves to meet its own de-
mand. Our first multipurpose re-
actor is expected to come online
in the coming months, with a ca-
pacity of 30MW. The Ministry of
Defence approved the National
Defence Strategy, considering cy-
berspace, aecrospace and the nucle-
ar sector as crucial to the strategic
need dominate such technology
and ratify Brazil’s adhesion to the
Treaty on the Non-Proliferation
of Nuclear Weapons.

Uranium must therefore be
considered in our energy matrix,
so that we can advance in the ar-
eas of agriculture, health, power
generation and nuclear propulsion,
among others.

As shown in Figure 9, Brazil
developed research in only 25%
of its territory and identified re-

Figure 9 | Evolution of the Brazilian uranium reserves (tons of U,0,)
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serves of 309,000 tons of uranium,  Figure 10 | Brazil’s main non-renewable energy reserves (in thousands of tonnes of oil equivalent)
equivalent to 2.9 billion boe.

Eletronuclear operates two

nuclear power plants, Angraland  §.000.000
II, and is currently building 7.156.889 10° tep
Angra III, which will double our  7400.000
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fror.n uranium. The Northeast ;00000
region holds the largest known
reserves of uranium in Brazil, 5.000.000
and it is there that Eletronuclear 4.494.349 10° tep
identified the best places to im-

. 4.000.000
plement future projects of elec-
tricity generation from uranium.
This aspect is relevant for PNE 3.000.000 2.411.162 10" tep
2050, since the expansion of the

2.000.000

nuclear power generation in the

Northeast area would be an im-

. 853.810 10° te
portant regional development fac-  1:000.000 P

tor, in addition to wind and solar
farms. For this new plan, the EPE 0

proposes the construction of nine Mineral coal

Natural gas

Nuclear energy oil

additional nuclear power plants,

each one with 1,000MW. Ac-

NOTE: CALCULATED ON TOTAL RESERVES. IN RELATION TO THE MINERAL COAL IT WAS CONSIDERED A RECOVERY OF 70% AND A CALORIFIC VALUE
OF 3,900 KCAL/KG. IN RELATION TO URANIUM LOSSES OF MINING AND BENEFICIATION ARE CONSIDERED. NO CONSIDERATION WAS GIVEN TO

cording to Eletronuclear, these
plants should be built in the
Northeast region.

When the nuclear energy is
included in the Brazilian energy
matrix, we must consider other
aspects: costs, risks, waste dispos-
al and regulation. The energy pro-
duced by these plants has low costs
when compared to other sources.
One kilogram of uranium pro-
duces the equivalent of 20,000 kg
of mineral coal. The risks and des-
tination of tailings are being solved
with new technologies that already
available. Currently, about 30% of
the processed uranium in the world
is already recycled.

The issue of regulation has
been under discussion in the Na-
tional Congress since 2006, when
the report of the Nuclear Safety
and Security Working Group was

RECYCLING IN PLUTONIUM OR RESIDUAL URANIUM.
Source: Ministry of Mines and Energy, EPE.

presented, recommending the
creation of a committee within
the Presidency of the Republic,
which would be responsible for
the normative, licensing and su-
pervisory roles of the National
Commission of Nuclear Energy

(CNEN).

NON-RENEWABLE MATRIX

MINERAL COAL

Despite the technological advanc-
es achieved so far, the world re-
mains very dependent on the use
of fossil fuels to generate electric-
ity and carry out some industrial
activities. More than 40% of the
energy generated comes from min-
eral coal, one of the most pollut-
ingsources. According to OECD/

IEA publication (2014), there will
be a world growing demand for
coal at rates of 0.5% a year — which
might be considered small, but
should be decreasing. This scenar-
io has already been worse, with
growth of 2.5% a year in the last
thirty years. For economic rea-
sons, many countries insist on in-
tensively exploiting this energy
resource that causes serious envi-
ronmental problems. The electric-
ity sector accounts for 74% of glob-
al greenhouse gas emissions, main-
ly due to the intensive use of
mineral coal.

Brazilian coal reserves are
equivalent to the sum of oil, nat-
ural gas and uranium reserves. This
grandiosity suggests that Brazil
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should take a strategic and careful
look at the situation. Environmen-
tal costs and risks impose strict
control over the uses of this source,
using it in sectors where it cannot
be replaced. Even in the face of
these constraints, Brazil has a gen-
erating complex of 3.5GW (Aneel,
2015), located predominantly in
the South region, where the main
deposits are located. We consume
approximately 10 million tons of
coal annually. Given the availabil-
ity of other sources, both clean
and renewable, this generation
complex could have been avoided.
It was built mainly due to region-
al political demandswith an eye
on implanting a production chain
based on coal, and not at the choice
of the electric sector. We must
wait for new, cleaner and more
competitive technologies, such as
gasification, as well as the consol-
idation of the carbochemical poles,
so that coal mining is carried out
in a less aggressive way to the en-
vironment. (Figure 10).

Even with environmental re-
strictions, production costs and
low quality of national coal,
among others, the EPE still in-
cludes the expectation of con-
struction of about 46 plants, each
with 500MW within PNE’s hori-
zon. However, when drafting the
decennial plans, the construction
of these plants will certainly be
postponed until the abovemen-
tioned restrictive conditions are
adequately mitigated.

With a wide diversity of en-
ergy sources, Brazil should not
include in its official energy ma-
trix the possibility of using coal,
except where its disruption may
cause large social impacts. There-

fore, PNE 2050 should recom-
mend targets for the elimination
of the use of coal, especially in
the oldest electricity generation
plants, since natural gas and wind
energy (with good areas in the
South region) can replace coal
competitively.

Conclusion

Aswe have seen, Brazil is privileged
regarding the internal availability
of energy resources. Were it not for
technological constraints, the coun-
try could meet all its needs with
renewable sources. However, his-
tory has shown that world econom-
ic development was made without
any regard for natural resources.
When the combustion engine was
invented with readily available oil,
the entire world adopted this path
without considering that pollution
could cause serious environmental
problems in the future.

When scientific research be-
gan to demonstrate that humans
were overloading nature’s ability
to recover and the planet’s tem-
perature was reaching critical lev-
els, society became aware that
something had to be done to con-
tain abusive and uncontrolled us-
es of natural resources. Several
initiatives were adopted. And
thanks to such efforts, we can still
amend the mistakes of the past.
The best examples are the increas-
ing use of wind, solar and biomass
energy. Major changes are already
underway to replace vehicles pow-
ered by fossil fuels by electric ve-
hicles with energy from alterna-
tive and renewable sources.

So far human beings have
sought alternatives to produce

Environmental costs

and risks impose strict

control over the uses

of coal, reserving it for
activities in which it has

no replacement.

economic development without
considering the energy resource
to be used. From now on, devel-
opment strategies should consid-
er the world energy matrix that
must drive the future develop-
ment.

In Brazil, as we have seen, de-
velopment strategies should guide
society in the use of renewable
sources. In the Northeast, a re-
gion with great poverty and ex-
tensive semi-desert areas, the
semiarid region could become a
great generator of energy. There
we may find the best winds and
the highest levels of insolation in
the country; 3,000km of coast-
line for the construction of off-
shore wind and solar power plants;
the largest uranium reserves; 40
million people producing waste
biomass and areas suitable for en-
ergy forests.

In the 1960s, it was decided
that the development of the Bra-
zilian Northeast would be done
by industrialization. Today, the
government could very well drive
policies so that the Northeast could
become the main supplier of re-
newable energy sources for the
country. m
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Industries, business models, professions and institutions will be g
increasingly affected by a new, ongoing wave of technological

upheaval. The labour market and the performance of governments "'f‘—'
will be strongly impacted by the convergence of digital, biological » /
and physical innovations. Traditional professions may disappear, ‘ il

giving way to new activities. Despite positive aspects, this process f %
poses risks to the cohesion of societies, which requires a proactive /\ . '»
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\ re Swedntth rth Industrial
Re ‘@n ding to Prof. Klaus Schwab,

¢.Chairman of the World Economic Fo-
rum, who has written most extensively on
the subject: “We are witnessing profound
shifts across all industries, marked by the
emergence of new business models, the dis-
ruption of incumbents and the reshaping of
production,consumption, transportation and
delivery systems. On the societal front, a par-
adigm shift is underway in how we work and
communicate, as well as we express, inform
and entertain ourselves. Equally, governments
and institutions are being reshaped as are sys-
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tems of education, health care and transpor-
tation, among many others.”

It is difficult to argue that these chang-
es and trends are not taking place. Wheth-
er we are placing them under the label of a
“Fourth Industrial R evolution” or describ-
ing them as a natural progression of the
“Third Industrial Revolution” is irrelevant.
For sake of brevity and consistency, I will
refer to them in this article as “The 4IR”.

What is important is to identify the ef-
fects that they have on society, on business
and on governance and take the necessary
policy decisions to ensure that we reap
their positive effects and minimize the
negative ones.
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The diagram below produced
by the World Economic Forum,
attempts to describe the extent of
the changes ushered in by the 4IR.

The unprecedented changes
ushered in by the 4IR consist of
the fact that we are not only wit-
nessing technological changes,
but also systemic chances and an
intersection and interdependence
of different technologies (Schwab
2016).

Driven by the convergence of
digital, biological and physical in-
novations the 4IR is affecting busi-
ness models, changing production
and consumption patterns, mod-
ifying the way individuals interact
with each other and with govern-

ments, and thus producing a pro-
found societal transformation
(Schwab 2016).

We are witnessing how tech-
nologies such as quantum com-
puting, the internet of things, 3D
printing, big data, blockchain, ma-
chine learning, and on-demand
economy are progressing expo-
nentially and disrupting existing
industries, businesses, professions,
and institutions (Klugman, 2018).

The 4IR is also disrupting ex-
isting political, social and econom-
ic models and create a “distribut-
ed power system”. Such system
will require stake holders to in-
teract in a more integrated and
collaborative way (Schwab 2016).

The modalities by which gov-
ernments operate, their role and
the way they interact with citizens
will be seriously challenged by the
advances of the 4IR.

Given the rapid pace of change,
it is difficult to fully project what
will be the positive consequences
of the 4IR.. Many analysts project
that it will increase competitive-
ness, create an open, flexible and
skilled-base economy (Lye 2017)
and improve efficiency and effec-
tiveness.

It has also the potential to in-
crease income level and improve
peoples’ lives

Consumers also have and will
increasingly have access to new

Changes induced by the Forth Industrial Revolution
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and cheaper products and services
(Schwab 2016).

The new technologies are ac-
celerating developments in edu-
cation, improving access to infor-
mation and giving citizens a voice.
Sectors such as medicine, health,
transportation, energy production
and environmental protection will
be positively affected by the new
technologies.

On the other side of the coin,
analysts have identified very seri-
ous negative consequences which
can be produced by the 4IR.

Itis expected that the job mar-
ket will suffer the most serious
negative effects as traditional oc-
cupations will disappear and oc-
cupations requiring new skills
will grow.

A study carried out recently by
McKinsey and Company envis-
ages that existing technologies
could replace half the time work-
ers spend on their job.

We have seen how this phe-
nomenon is creating a class of
des-enfranchised workers and al-
ready having an effect on the out-
come of elections in a number of
countries.

While the new technologies
improve the access to information,
they can also undermine our pri-
vacy as access to data is more eas-
ily available to business, govern-
ments and even to other individ-
uals in general.

As access to technology is es-
sential to reap the benefits of the
4IR, those with limited access to
the internet and those possessing
obsolete knowledge and skills will
be unable to benefit from the ad-
vancements; and thus economic,
social and power inequalities may

grow, both within countries and
among countries.

The danger of utilizing ad-
vanced technologies for evil pur-
poses, such as advanced weapons
production, cyber-crime, hate
speech, dissemination of “fake
news” etc. will also increase.

Given the speed and scope of
these changes Prof. Schwab and
most experts strongly advocate
a proactive approach on the part
of all the affected actors, name-
ly, governments, business and
civil society.

“We have to win this race be-
tween the growing power of the
technology, and the growing wis-
dom with which we manage it.
We don’t want to learn from mis-
takes”, Max Tegmark, Life 3.0.

In the following chapters I will
analyze more in depth how busi-
ness, civil society and government
are being and affected by the 4IR,,
with particular emphasis on gov-
ernance. I will also touch upon
briefly on the consequences for
global governance systems.

Businesses

The technological advance-
ments are exponentially disrupting
existing industries and increase
competition by providing digital
platforms for product develop-
ment, marketing and distribution
(Schwab 2016). New services are
constantly developed and offered
to the consumers.

Prof. Schwab summarized the
four main effects of the 4IR on
business, namely on customer ex-
pectations, on product enhance-
ment, on collaborative innovation
and on organizational forms.

To stay relevant
and profitable,
companies need to
constantly reinvent
themselves to
become more
flexible and open

to innovation.

As the supply side of business
is changing, we also witness the
shifts in the demand side and the
emergence of new platforms that
combine both demand and supply,
particularly through smartphone
technology (Rao, Srinagesh and
Sreedhar 2017).

The emergence of a new, in-
novative and agile competition
forces business to become more
tlexible and to constantly re-in-
vent itself to remain relevant and
profitable.

Within this scenario, the link-
ages between science and business
need to be strengthened as com-
mercial utilization of artificial in-
telligence and robotics is growing.

The most disrupting eftect of
the 4IR on business, and, as I
mentioned before, on the society
as a whole, is the transformation
of the labor market, as new skills
will required and other will be-
come obsolete. According to Marc
R.. Benioff, Chairman and Exec-
utive Officer of Salesforce, In the
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Confidence in
institutions may
diminish, opening
spaces for an
anti-government
populism in some
countries. Citizens
will interact more
with governments,
demanding faster
and better.

US alone there are more than
500,000 open technology jobs but
only 50,000 science students are
graduating from universities each
year. Millions of jobs need to be
filled in computer science, math-
ematics and engineering. At the
same time, administrative and
white collar positions will dra-
matically decrease according to
the World Economic Forum. And
certain geographic areas where
jobs will disappear will suffer eco-
nomic and social downturn and
disruption.

Businesses, therefore, need to
proactively prepare a new work-
force as highlighted in a joint
report from Deloitte and the-
Global Business Coalition for Ed-
ucation entitled “Preparing To-
morrow’s Workforce for the
Fourth Industrial Revolution.”

According to the report,” busi-
ness should take a more proactive
role in preparing today’s youth
to insure their readiness to be the
workforce of tomorrow.” The
report recommends that business,
among other things,“should en-
gage strategically in public pol-
icy, develop promising talent
strategies and invest in workforce
training.”

Business leaders should be en-
couraged to team up with educa-
tional institutions, also by provid-
ing financial assistance in devel-
oping education and training
programs required for the work-
force of the future.

Civil Society

As mentioned before, the trans-
formation in the labor market
brought forth by the 4IR will have
negative effects on social cohesion,
generate a decline in public con-
fidence and, in some countries,
give rise to anti-government pop-
ulism (Klugman 2018). It will be
therefore the responsibility of gov-
ernments, in cooperation with the
private sector, to rebuild trust and
confidence through appropriate
policies aimed at mitigating such
disrupting effects.

Citizens, who are accustomed
to reap the benefits of the new
technologies in receiving services
from business, will increasingly
demand better and faster services
from governments.

On the positive side, the new
technologies provide to citizens
better opportunities to interact
with government, to express their
views and to engage in policy de-
velopment and implementation

Governments

The advent of the 4IR poses tre-
mendous challenges for govern-
ments and for governance systems
and institutions. How govern-
ments will respond will determine
whether countries and societies
will be able to reap its benefits and
minimize its negative effects.

In the following chapters I will
endeavor to outline possible cours-
es of action by governments in
general and in a number of spe-
cific areas such as: Public Policy
Development, Governance Sys-
tems, Legislation and Regulation,
Cyber Security, Taxation, Human
Resources Development, Public
Service Delivery and Citizens’ En-
gagement, Big Data and Implica-
tions for global governance.

Public Policy Development

The pace of technological, digital
and social change is so fast that
governments find it difficult to
take policy decisions and enact
regulation to keep pace with the
changes. The current systems of
decision making, grown in the
context of the Second Industrial
Revolution, involve lengthy pro-
cesses and steps (Schwab 2016).
The pace and complexity of
the 4IR requires that governments
adopt a systemic approach to prob-
lems rather than a piecemeal one,
as suggested by the OEDC and
the World Government Summit
in their 2018 report “Embracing
Innovation in Government”.
According to the report, sys-
tems approaches “‘are a set of pro-
cesses, methods and practices that
aim to affect systems change....
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Systemic tactics for the challenges of the public sector

PEOPLE

you will fai

Systems approaches
to public sector
challenges. Working
with change

EXPERIMENTING

Reducing uncertainty by experimenting
on a smaller scale with different
solutions and clear action plans

that can be teste

Source: OECD

going beyond the linear logic of
input-output”. In short govern-
ment need to develop a compre-
hensive response to the intercon-
nected problems brought forward
by the 4IR.

Governments also need to
strengthen their capacity to diag-
nose problems, to forecast and to
build alternative scenarios. Ac-
cording to David Lye, Director of
Sami Consulting, governments
need to become “future-savvy”.

A number of governmental
agencies in a few countries have

Combining a diverse set of people:
“If you know everyone in the room

|lr

&

CONNECTING

Connecting to all stakeholders
to both inform the process and form
advocacy coalitions

PROTOTYPING

Creating a prototype for scale
(F by diverse
populations

7,

PLACE

the everyday system

O
O

FRAMING
Framin

Creating the neutral space
to deliberate and set back from

the issue based on the
outcome/purpose (public value) not
existing system structures

DWELLING

Creating the time and conditions
to think and deliberate on the
end purpose

DESIGNING

Based on the analysis before,
designing solutions that may
have systemic effects

STEWARDING

political bac

established forecasting units which
have developed sophisticated soft-
ware-based diagnostic and fore-
casting tools. The utilization of
AL as a tool for decision making
could also be explored. Regretta-
bly, the political class in most coun-
tries proposes solutions based on
ideology rather than such diag-
nostic tools.

A new era of agile governments
would be required with the ca-
pacity to adapt continuously to the
fast pace of change Schwab (2016).
According to Kris Broekaert and

Guiding and supporting the process
by bot creatin?(the resources and
ing for change

MEANINGFUL MEASUREMENT

Measuring the effects based
on the outcomes wanted
to achieve, not proxies

Victoria A. Espinel agile govern-
ments involves policymaking
which is adaptive, focused on
achieving policy goals, open to
new information and data, and
open to input from a wider group
of stakeholders.

Governments need to prepare
rather than react and to create the
mechanism to manage the transi-
tion. Traditionally innovation has
come from outside government.
(Jarrar 2016). It is essential that gov-
ernments strengthen public agencies
to enable innovation within gov-
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ernment. Governments therefore
should become engines of innova-
tion rather than reactive actors.
In addition, governments

should become facilitators for in-
novation in business and in soci-
ety to thrive. A report entitled
“Gov2020” prepared by Deloitte
for the World Government Sum-
mit in 2015, identified a number
of trends with the potential to re-
shape governments in the face of
the 4IR. Governments are be-
coming enablers instead of pro-
viders of solution. They thus build
platforms for partnerships among
different actors. The report also
highlights the fact that increas-
ingly governments functions are
being co-created with citizens.
Through technology and crowd
sourcing, systems of “distributed
governance” are being developed.
In addition, the report emphasiz-
es what I mentioned before, name-
ly that governments should be
“data smart” and utilize model-
ling and data analysis for preven-
tion rather than reaction.

Distributed government sys-
tems involve further decentral-
ization of responsibilities from
central to regional and local gov-
ernments as well as the inclusion
of multiple actors in the decision
making process. As business, civ-
il society and government are re-
sponsible for producing innova-
tion, they should also collaborate
in designing the necessary mea-
sures to develop and design the
most appropriate responses to the
effect of the 4IR (Yun 2018). Dis-
tributed governance will also go
a long way to regain the trust in
government that has suffered in
recent times.

The power of technology will
perforce make government more
transparent and accountable as in-
formation on government oper-
ations will be more available and
accessible and widely disseminat-
ed. To the extreme, we will see
the growth of phenomena such as
Wikileaks.

In terms of content, Access
Partnership suggests a roadmap
which identifies three key areas
for governments to address, par-
ticularly to promote the hyper-
cloud:namely, promoting infra-
structure; creating the right in-
centive for adoption and further
innovation; and upscaling of the
workforce.

In its report entitled “Deliv-
ering the Fourth Industrial Rev-
olution: The Role of Govern-
ment.” The report further elabo-
rates on the three key areas
mentioned above. Concerning the
promotion of infrastructure to
participate in the 4IR, it recom-
mends that governments should
invest resources strategically to
support internet infrastructures;
foster interoperable internet and
make high speed internet afford-
able. With respect to creating in-
centives for adoption and promot-
ing innovation, governments
should encourage participation in
the global hypercloud market; sup-
port global cloud computing stan-
dards, support data driven econ-
omy and service provision; im-
plement modern privacy laws and
create light-touch legal frame-
works. Finally, with respect to the
task of promoting a workforce for
twenty first century jobs, govern-
ment should aspire to build a flex-
ible workforce with critical think-
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ing and problem solving abilities;
integrate digital skills in basic ed-
ucation; support computer science
education and retrain workers for
lifelong learning.

In order to implement such
policies, major steps will need to
be taken to bridge the divide in
connectivity. This is an area where
many governments lag far behind.

In order to promote innova-

tion and accelerate technological




advances, governments should im-
prove the fluidity of capital and
promote the growth and develop-
ment of SMEs.

Governance Systems

As previously mentioned, the ad-

vent of the 4IR will require chang-
ing the current policy making pro-
cesses to make them faster, more
agile and responsive. Also the uti-

Governance responses to the Fourth Industrial Revolution
J

lization of information and data,
particularly Big Data, should sup-
port the decision making process.
Finally, the participation of gov-
ernment, business, civil society,
and as appropriate, international
organizations in developing policy
solutions should be strengthened.
But in addition to changing policy
making processes it will be essen-
tial to adapt governance systems
and processes to the new reality.

Current systems are at the
same time rigid and fragment-
ed, with agencies often oper-
ating in silos, making thus dif-
ficult to develop and imple-
ment comprehensive policies.

In order to properly address
the challenges of the 4IR
stronger coordination mech-
anisms should be established
to allow for comprehensive
responses.
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The new industrial
revolution will also
cause changes in
educational policies.
We will have to
train people who are
better adapted to the
new labour market
and who have

a strong

leadership skills.

Another option would be the
creation of new institutions en-
trusted with the responsibility to
govern technology. These institu-
tions would need to be multi-stake-
holder based in order to incorpo-
rate the inputs of business and civ-
il society.

The creation of a dedicated
governmental organization re-
sponsible for the formulation of
strategic plans and manage change
has been the option followed by
few governments. For example,
the government of the United Ar-
ab Emirates has created the “Min-
istry of the Future and Change
Management”, a non-partisan in-
dependent body, responsible for
agenda setting, such as developing
future strategic plans; for support-
ing policy development and reg-

ulation; for change management
and implementation; and for mon-
itoring the progress. In 2017 the
Ministry published a report enti-
tled “The UAE’s Fourth Indus-
trial Revolution Strategy” which
was designed to provide a practi-
cal framework for policy makers
and support national efforts in
adopting advanced technologies
and transforming future challeng-
es into opportunities.

As already mentioned, gov-
ernance systems would need to
be more decentralized, with ad-
ditional responsibilities entrust-
ed to regions and cities. At same
time appropriate measures should
be taken to support them to en-
able them to serve more and
more as hubs of innovation.

(Schwab 2016).

Legislation and
Regulation

Given the fast pace of progression
of the 4IR, legislation and regu-
lation are hardly capable of keep-
ing up with the pace.

However, it is essential that
technological advances be quick-
ly regulated in order to enable
them to produce their positive ef-
fects and to minimize the nega-
tive ones. Regulators consequent-
ly have less time to evaluate the
impact of the developments and
to take appropriate decisions. New
mechanisms and processes to en-
act legislation and to issue regu-
lation must be developed. Coor-
dination among regulatory bodies
should also be strengthened as the
41R is affecting concurrently ma-
ny technological and social fields.

While protecting society and

consumers, the regulatory frame-
work should be creating the en-
abling environment for innovation
to thrive. (Schwab 2016).

Governments have tradition-
ally been the principal develop-
ers of regulation; however, we
have witnessed the emergency
of “new sources of authority”
to govern the new technologies.
Businesses and industry can
come up with innovative solu-
tions on regulation, and can es-
tablish norms for self~regulation.
With the emergence of self-reg-
ulating bodies, governments
could act as super-regulators au-
thorizing and evaluating the
work of such bodies (Broekaert
and Espinel 2018).

In lieu of regulations, the uti-
lization of best practices can ad-
dress rapid and broad develop-
ments more swiftly. For example,
the US National Institute for Stan-
dards and Technology (NIST) es-
tablished with the input from the
private sector, government agen-
cies and privacy and security com-
munities, best practices for cyber
security rather than establish new
standards.

With respect to the contents,
new intellectual property regimes
should be regulated as well as cy-
ber security protocols and ethical
standards adopted.

Cyber Security

As technology becomes widely
accessible, the possibility of its uti-
lization for nefarious purposes in-
creases in parallel. To protect
themselves from cyber-crime
ranging for hacking of data bases,
including election data bases; cy-
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ber attacks to energy, health and
transportation facilities; cyber
terrorism; etc., governments will
incur very high costs (Shava and
Hofisi 2018).

The International Telecom-
munication Union (ITU), rec-
ommends a 5 prong approach to
strengthen cyber-security, cov-
ering legislation and regulation,
technical measures, organization-
al arrangements, capacity build-
ing and inter-state cooperation.

Together with the I.T.U,, a
number of experts recommend

The five parts of cyber-security

the establishment of an agency
responsible for coordinating ef-
forts in this arca.

The United Nations e-Gov-
ernment Survey 2018 recom-
mends that countries establisha
computer emergency response
team (CERT) or a computer
security incident response team
(CSIRT) that responds to com-
puter or cybersecurity incidents.
It also highlights that, apart
from Europe and Asia, coun-
tries are lagging behind in this
endeavor.

Taxation

The shifts in economic patterns
are creating serious challenges
for the collection of taxes. Dig-
ital and decentralized payment
systems limit the ability of tax
authorities to keep track of trans-
actions (Schwab 2016).

Novel modalities to tax new
types of business and financial
transactions should be developed.
For example, Estonia is the first
country to collect transaction tax-

es via a blockchain.

Cybercriminal Legislation, Substantive law, Procedural cybercriminal law,
Cybersecurity Regulation

TECHNICAL

National CIRT, Government CIRT, Sectoral CIRT, Standards for organisations,
Standardisation body

Strategy, Responsible agency, Cybersecurity metrics

CAPACITY BUILDING

Public awareness, Professional training, National education programmes,
R&D programmes, Incentive mechanisms, Home-grown industry

COOPERATION

Intra-state cooperation, Multilateral agréments, International fora, Public-Private
partnerships, Inter-agency partnerships

Source: I.T.U.
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JinHyo Joseph Yun recom-
mends that also the national tax-
ation structure be overhauled
to redistribute income and cap-
ital concentrating in large com-
panies. He also recommends
that instead of taxing labor,
which will be negatively affect-
ed by the 4IR, productivity
should taxed.

In the same vein, Bill Gates
proposed that robots be taxed
as they will be replacing human
beings in the production chain.

Human Resources

It has been mentioned ecarlier
that it is estimated that the 4IR
will have a negative effect on
the labor market.As the need to
develop a new workforce in-
creases, government will need
to invest heavily in reforming
education policies to ensure that
those policies generate knowl-
edge and skills required by the
new labor market. Business to-
gether with government should

utilize forecasts already avail-
able to determine the jobs which
would be more likely subject to
automation and those jobs
which will increasingly avail-
able. In light of such forecasts,
education and training policies
should be developed to respond
to the forecast changes.

In addition to a new work-
force, new leaders will be re-
quired in order to manage people
not sitting in their offices, but
who will connect virtually (Art-
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ley 2018) As professor Schwab
writes, “We need leaders who
are emotionally intelligent, and
able to model and champion co-
operative working.”

As lack of workforce skill-
shamper economic growth and
are likely to create unemploy-
ment in the private sector, the
government workforce will also
be negatively affected. As has

been mentioned earlier, it is es-
timated that white collar and ad-
ministrative jobs will be those

more likely to become obsolete.
‘With the further development of
e-government to carry out gov-
ernmental transactions, govern-
mental organizations will require
fewer administrative staff. Instead
they will require personnel with
computer training. Governments,
therefore, should urgently em-
bark on massive retraining pro-
grams for their employees.

In its previously mentioned
report “Gov2020” Deloitte es-
timates that government will
shift its hiring practices by ap-
plying the consulting staffing
model for its workforce. It would
utilize employees who are part
of joint ventures, employees of
contractors, independent indi-
vidual contractors and people
who don’t work for government
at all but who are part of a val-
ued chain of services.

There is a set of skill; howev-
er, which would be much in de-
mand which cannot be performed
by machines. These are creativ-
ity and innovation, leadership,
emotional intelligence, adapt-
ability and problem solving. Ac-
cording to a survey carried out
by OECD, a large percentage of
organizations indicated that it
was somewhat difficult or very
difficult to recruit people with
such skills.

Public Services Delivery
and Citizens’ Engagement

The advances of the 4IR, could
accelerate and improve service
delivery to citizens by govern-
ments. Governments could also
introduce methods utilized by

private sector companies to de-
liver public services more effi-
ciently, faster and more flexibly
(Klugman 2018).

The United Nations 2018
e-Government Survey “high-
lights a persistent positive global
trend towards higher levels of
e-government development....
Countries are advancing towards
higher levels of e-government. ..
The number of countries provid-
ing online services using emails,
SMS/RSS feed updates, mobile
Apps and downloadable forms
has been increasing in all sec-
tors...Provision of services
through mobile Apps is growing
fastest in the education, employ-
ment, environment sectors”.

The report also notes how
innovative public-private part-
nerships (PPPs) have emerged as
models for the provision of pub-
lic services and social entitlements
in areas such as education, health
and environmental sustainability.

As advances in digital tech-
nology accelerate and as com-
munications and information mi-
grate to digital platforms, “citi-
zens are changing their approach
to interacting with governmen-
tal organizations and services. A
more horizontal, spontaneous
and empowering relation is de-
veloping, as opposed to the tra-
ditional hierarchical relation”
(Jarrar 2017).

There is the opportunity to
engage and empower citizens by
providing digital platforms to
seek their views; to involve them
in decision making; to design and
deliverservices; and to increase
control and accountability of pub-
lic organizations.
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The United Nations mea-
sures citizens’ engagement in
public affairs through an
E-Participation Index (EPI);
in its 2018 report it notes that
the number of countries with
a very high EPI has doubled
from 31 to 62 since 2016,
demonstrating how fast the
new technologies can change
the relations between govern-
ments and citizens.

Big data

It has been mentioned above
how crucial is the availability
of data for decision making pur-
poses.

The the volume of data
growing exponentially has giv-
en rise to the concept of “big
data”, namely those defined by
the four “Vs”: volume, variety
of sources, velocity and verac-
ity.(Jarrar 2017) The primary
challenge is to be able to utilize
and manage the big data on the
part of both business and gov-
ernment.

Data have become a source
of wealth, described by some as
“the new oi1l”, or the “lifeline
of the digital society”.(Jarrar
2017)

The majority of data is now
owned by the private sector, but
governments also produce and
store a considerable amount of
data. As data can actually be
monetized, the question arises
on who should own the data.

New legislation 1s required
to regulate how data are stored,
managed, shared and protected.
Some experts recommend the
establishment of a “data char-

ter”. Data can be considered a
“social good” and as such gov-
ernment has a responsibility that
they be utilized to produce pub-
lic value.Government thus may
need to acquire a new capabil-
ity, that of “data curator” (Jar-
rar 2017).

As data are essential for the
creation of public value, gov-
ernments are increasingly mak-
ing available data to civil soci-
ety, businesses and individuals.
The so called “Open Govern-
ment Data (ODG)” help to im-
prove service delivery in areas
such as health, education, envi-
ronment, welfare etc. According
to the United Nations, the num-
ber of countries with Open Da-
ta portals has reach 139.

‘With a view to promote the
harnessing of big data safely and
responsibly as a public good, the
United Nations has launched
an initiative called “Global
Pulse”, which has the objective
to acceleratethe discovery, the
development and the scaled
adoption of big data innovation
for sustainable development and
humanitarian action.

Implications for Global
Governance

The advent of the 4IR is
having an impact well beyond
national boundaries, requiring
the forging of new agreements
and possibly the creation of new
global governance mechanisms.
According to Prof. Schwab, we
“need a comprehensive and
globally shared view of how
technology affects lives”. A re-
port prepared for the 2017 G20

meeting in Germany highlights
the lack of a “global regime for
technological governance”.

The same report includes a
number of recommendations
addressed to the G20 members,
namely that the G20 should
champion international tech-
nological governance struc-
tures; should identify and pro-
mote essential safeguards to en-
sure a sustainable 4IR to
minimize unintended negative
consequences; should promote
a coordinated effort by govern-
ments and regulators to identi-
fy and manage systemic risks
emanating from the 4IR; and
should encourage countries to
develop responsible technology
policies, which would include
employing social and environ-
mental considerations in coun-
tries’ national digital strategies.

Finally, one should bear in
mind that the advancement of
the new technologies will also
have an impact on internation-
al security and affect the nature
of conflict. (Schwab 2016).
Therefore, the need will arise
to establish a new internation-
al conflict resolution mecha-
nism. (Segal 2017).

The World Economic Fo-
rum is the international orga-
nization that has been most ac-
tive in highlighting the rapid
transformations ushered in by
the 4IR and their impact. With
aview to fostering “multi-stake-
holder dialogue and concrete
cooperation on challenges and
opportunities presented by ad-
vanced technologies”, it has
opened a Centre for the Fourth
Industrial Revolution, located
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in San Francisco. The mission
of the Centre, which brings to-
gether governments, civil soci-
ety, business, academia and in-
ternational organizations, is to
“facilitate the co-design, testing
and refinement of governance
protocols and policy frameworks
to maximize the social benefits
and minimize the risks of ad-
vanced science and technology”.

Conclusions

‘Will the 4IR help us to improve
our living standards, our well
being and our environment?
The potential is enormous but
so are the risks. The techno-
logical changes are so rapid that
businesses and governments are
constantly playing a “catch up”
game. In order not to be over-
taken by the advances, a pro-
active and anticipatory ap-
proach is required. Govern-
ments, in cooperation with
business and civil society, need
to develop long term and com-
prehensive strategies which in-
clude policy, regulatory and
structural measures. New na-
tional governance paradigms
will need to be designed to al-
low rapid, agile and participa-
tory decision making. As the
scientific and technological de-
velopments have effects beyond
national borders, also global
governance arrangements will
need to be overhauled to facil-
itate global responses, particu-
larly in the areas of cyber-crime
and cyber-terrorism. Could the
G20 be the forum to spearhead
global action to address the
challenges? m
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