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CHAPTER 3

INFRASTRUCTURE

1 INTRODUCTION

The production of science and technology requires, in addition to scientists 
capable of leading research, an infrastructure that allows these professionals to 
work and fully develop their skills. Infrastructure in this sense includes physical 
facilities, equipment, instruments, and research inputs. The underutilization 
of scientists due to a lack of infrastructure – or even of institutions to house 
them – is, at the very least, a huge waste of the resources society dispensed over 
the decades to train these people. Moreover, the lack of adequate infrastructure 
is likely to compel good scientists to seek better working conditions in other 
countries. Therefore, research infrastructure is a key element for the scientific and 
technological development of a country. Limited or low-quality infrastructure 
has an adverse effect on scientists’ work, reducing both its quality and its impact.

Different areas of knowledge demand different kinds of infrastructure and 
some depend more on large equipment than others. Particle accelerators – such 
as the one Brazil has in the National Research Center for Energy and Materials 
(Centro Nacional de Pesquisa em Energia e Materiais – CNPEM) in Campinas, in 
the state of São Paulo – are typical instruments for physics research, although they 
also have a wide range of potential applications in other areas, such as materials 
science and molecular biology, among others. Information technology research 
can require supercomputers, such as those available at the National Laboratory 
of Scientific Computation (Laboratório Nacional de Computação Científica – 
LNCC) in the city of Petrópolis, Rio de Janeiro. In the field of biology, in addition 
to proper equipment (such as high-precision microscopes), research  involves 
inputs, reagents, and biological collections. And environmental  research often 
needs collection, treatment, and observation stations.

The cost of equipment and facilities for scientific research can vary widely, 
but in general it is expensive. Moreover, as much of this cannot be found in 
the market, scientists have to developed and build their own instruments to 
perform specific tasks. For instance, the construction of the particle accelerator 
in Campinas has required researchers and local companies to produce numerous 
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new technologies, and will cost nearly R$ 1.5 billion (almost $ 400 million). 
Building the particle collider located in Switzerland cost the European Union 
member countries about €5 billion (or nearly $19 billion), without factoring the 
ongoing costs of energy and maintenance. These high costs often lead countries 
to form consortiums to build large research infrastructures in partnership, as with 
the European Council for Nuclear Research (Organisation Européenne pour la 
Recherche Nucléaire – CERN).

Expensive pieces of equipment, such as those used in cutting-edge research, 
need ongoing maintenance and skilled staff to operated them. Since many pieces 
are imported, their purchase and maintenance requires much more complex 
logistics than, for example, the purchase of standard equipment for industrial 
use. Often this specialized equipment also requires special facilities in order to 
function properly, which has implications for construction techniques used. For 
example, laboratories housing sophisticated electron microscopes – such as those 
available at Rio de Janeiro Federal University (Universidade Federal do Rio de 
Janeiro – UFRJ) and CNPEM –, need the laboratory floor to be laid over blocks 
that are independent of the rest of the building, a sort of super shock absorber 
to minimize the possibility of even tiny vibrations, which can interfere with the 
quality of the images from these microscopes.1 Thus, institutions that house such 
instruments must be prepared to operate sophisticated research facilities, and this 
is also an important point.

Given the essential role of research infrastructure, this section will examine 
possible bottlenecks, for the purpose of understanding how infrastructure 
can become a driving force instead of a brake on the technical ability of 
Brazilian scientists. Much of the Brazilian data mentioned here derives from 
an unprecedented effort by Ipea and Conselho Nacional de Desenvolvimento 
Científico e Tecnológico (CNPq) to gather information on research infrastructure 
in Brazil between 2012 and 2015.2 Prior to this survey, there was no information 
available on the subject, unlike in many other countries.

This data is vital, because a country’s research infrastructure largely 
relies on public investment, sometimes substantial amounts. In some cases, a 
single investment project can take several years to complete. And that requires 
planning and prioritization, and thus information. The European Strategy 
Forum for Research Infrastructures (ESFRI), for example, creates a roadmap to 
select prospective research infrastructure projects in order to leverage European 

1. More information available at: <https://www.tecmundo.com.br/ciencia/86319-ufrj-inaugura-melhor-microscopio-
eletronico-brasil.htm>.
2. These results were published in De Negri e Squeff (2016).
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competitiveness in the long term.3 This also happens in Australia and Germany.4 
In the United States, the National Science Foundation (NSF) performs a biennial 
a survey on the country’s research and engineering facilities, in order to assist the 
United States Congress in planning the budget for these initiatives.5

In addition to this type of publicly-funded installation, private sector 
companies have their own research and development (R&D) laboratories. However, 
these facilities will not be included in the discussion as they are private goods, not 
public ones like scientific research facilities. We will start with an overview of how 
Brazil’s scientific and technological research infrastructure is distributed.

2 WHICH INSTITUTIONS HOUSE BRAZILIAN RESEARCH FACILITIES?

When we think of scientific research, the first place that springs to mind is the 
university. In fact, in Brazil, it is the universities, especially public universities, 
that house most of the scientific infrastructure in the country. But this is not the 
only viable model.

Simon Schwartzman (2013), a Brazilian researcher on education, argues that 
the connection between higher education and scientific research developed in the 
nineteenth century in the German academic system. This linkage coincided with 
the emergence of chemistry as both a significant industrial activity and an area of 
emerging scientific research. The former required training skilled labor, and the 
latter required training scientists. It was natural, then, to concentrate this training 
within the same institution. Other factors also contributed to this configuration, 
but as the German model became a source of inspiration, its influence spread 
beyond its borders. However, as Schwartzman points out, by the twentieth 
century, cutting-edge research no longer fit neatly within the university system 
in Germany, and was beginning to shift to the Kaiser Wilhelm Gesellschaft, now 
called the Max Planck Society.

One of the main characteristics of the German science and technology 
(S&T) system is its institutional diversity and decentralization. Much of the 
state-funded research is conducted outside universities, in institutions dedicated 
solely to research. Out of the more than €19 billion that the German federal 
government invests annually in science and technology, a little over € 3.5 billion 
is allocated to research at universities and university hospitals. In contrast, about 
€ 9 billion goes to non-profit private research institutions such as the Max Planck 

3. Available at: <https://bit.ly/3qF4nCq>.
4. Strategic roadmap for Australian research infrastructure and Helmholtz-Road-map for research infrastructures.
5. Available at: <https://www.nsf.gov/statistics/srvyfacilities/>.
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Society.6 Of the remainder, nearly € 2 billion goes to federal research institutions, 
and another € 2 billion to corporate research.

The Max Planck Society is, therefore, one of the institutional pillars of the 
German S&T ecosystem, which is based on a division of labor across the major 
research institutions. For instance, despite being independent of the government 
(being a private, non-profit entity), the Max Planck Society receives about 
€ 1.8 billion from the German government, accounting for a good portion of 
its budget. The institution is in fact an association of 83 varied and relatively 
autonomous research institutes, which conduct basic research in natural science 
and the health and life sciences (there are also a few materials science and 
technology institutes). Another important institution is. Unlike Max Planck, 
the Fraunhofer Society is focused on innovation and applied research. For this 
reason, the vast majority (86%) of its budget of more than € 2 billion comes 
from research contracts jointly funded by private enterprises and the government. 
The Fraunhofer Society is composed of 69 institutions focused on different 
technologies in several regions of Germany and abroad. There is also the Leibniz 
Association, which connects 88 independent research institutions focused on 
social issues.

All of these research institutions conduct scientific and technological research 
internally, which means that they have a staff of researchers and laboratories 
or private research facilities. But there is also a separate institution devoted to 
building, operating, and managing large research infrastructures, such as particle 
accelerators or research vessels, among others. Called the Helmholtz Association, 
it operates eighteen research centers, which are all open to researchers from 
universities and institutions in Germany as well as from other countries.

Several other countries also have institutions devoted exclusively to research 
excellence. A significant part of the United States’ research infrastructure is 
concentrated in the Federally Funded Research and Development Centers 
(FFRDCs), which are better known as the “national laboratories”. There are more 
than forty of these institutions spread across the country, many connected to the 
Department of Energy for example, with a diverse range of laboratories and other 
facilities open to their own researchers and to researchers from other institutions 
and universities.

In the rest of the world, including in Brazil, a significant portion of public 
investment in S&T is earmarked for the construction and maintenance of 
research infrastructure and facilities. In recent years, until 2015 (after which 
resources for S&T in Brazil plummeted), Brazilian research infrastructure 

6. Available at: <www.datenportal.bmbf.de/fig-11>.
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received substantial funding from various sources, especially the Infrastructure 
Sectoral Fund (Fundo Setorial de Infraestrutura – CT-Infra). The Ministry of 
Education (Ministério da Educação – MEC)’s Coordination for Improvement 
of Higher Education Personnel (Coordenação de Aperfeiçoamento de Pessoal de 
Nível Superior – Capes) program and companies such as Petrobras have provided 
additional resources.

Thus, it is safe to say that the Brazil’s research infrastructure is relatively 
up-to-date. In fact, a study conducted by Ipea, Ministry of Science, Technology 
and Innovation (Ministério da Ciência, Tecnologia e Inovações – MCTI), and 
CNPq (De Negri and Squeff, 2016) revealed that most of the laboratories 
and research facilities in Brazil began operating in the 2000s, which could be a 
result of the increased investment in science, technology, and innovation from 
the mid-2000s to 2014 (table 1). In 2012, the authors surveyed around 2,000 
researchers in charge of laboratories at universities and research institutions in 
Brazil. More than 70% of respondents claimed that they had received significant 
investments in the five years prior to the survey, and most of them mentioned 
substantial investments also in the previous year.

TABLE 1
Number of research facilities1 in Brazil, according to the year of start-up

First year of operation Number %

Pre-1970      50     2.8

1970-1979    110     6.3

1980-1989    193   11.0

1990-1999    410   23.3

2000-2009    654   37.2

2010-2012    343   19.5

Total 1.760 100.0

Source: De Negri and Squeff (2016).
Note: 1 The term refers to the facilities used by researchers to carry out R&D activities. This includes laboratories, high 

performance computer networks, observatories, telescopes, research vessels, experimental stations, and so on (De 
Negri and Squeff, 2016, p. 17).

Although relatively updated, almost the entirety of Brazilian research 
infrastructure is located within universities (unlike in many other countries). 
This  means that these laboratories must not only train professionals for the 
private sector and train scientists, but also conduct cutting-edge research. Yet this 
wide range of activities cannot always be carried out simultaneously.

This infrastructure is also regionally concentrated, with most of the research 
institutions and facilities located in the Southeast and South of Brazil. The Ipea 
survey conducted shows that the Southeast of the country contains nearly 60% of 



New Pathways for Innovation in Brazil62 | 

the labs and research facilities available, and 45% of the total institutions included 
in the survey. The same is true for major universities and research institutions, 
which are predominantly located in the states of São Paulo and Rio de Janeiro.

As with research infrastructure, the number of universities and other higher 
education institutions in Brazil has also increased. From 2000 to 2013, the 
Brazilian federal government and its states created 89 new institutions of higher 
education, mainly research or technical universities – increasing the  number 
of public institutes by more than 150% over fifteen years. Among  the more 
than 2,300 higher education institutions in Brazil, 195 are what could be 
called research universities, required to teach, conduct research, and provide 
continuing education. Of these, 88 or so are private and, although this number 
might seem significant, they are only minimally relevant in terms of domestic 
scientific output. The top twenty Brazilian universities with the highest 
number of scientific publications are all public, according to the Simago ranking. 
The best-ranked private university sits at 23rd on the list.7

CHART 1
Regional distribution of Brazilian research facilities and institutions (2012)
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Universities, especially public ones, figure prominently in the production 
of science in Brazil. There are only a few Brazilian institutions exclusively or 
primarily dedicated to research. Oswaldo Cruz Foundation (Fundação Oswaldo 
Cruz – Fiocruz) and Empresa Brasileira de Pesquisa Agropecuária (Embrapa) 
are the most well-known examples. In addition to these two, there are several 
institutions linked to the MCTI, such as the National Institute for Amazonian 

7. Available at: <http://www.scimagoir.com/index.php>.
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Research (Instituto Nacional de Pesquisas da Amazônia – INPA), the National 
Institute of Technology (Instituto Nacional de Tecnologia – INT) and 
the Institute of Pure and Applied Mathematics (Instituto de Matemática Pura e 
Aplicada – IMPA). The twenty or so institutions linked to the ministry, however, 
receive just a tiny share of its budget, and almost nothing in terms of Brazil’s total 
investment in S&T.

One of the largest of these institutions is the CNPEM, which (like the other 
non-profit organizations associated with the ministry) took inspiration from the 
successful management structure of the United States National Laboratories. 
In  the United States, the national labs are managed by private companies or 
non-profit organizations, but financed almost entirely by public funding. 
This model inspired Brazil’s so-called organizações sociais (social organizations), of 
which CNPEM is but one example. The organizações sociais were created to bring 
greater flexibility and agility to financial management in S&T, without reducing 
the government’s responsibility to fund research.

One of the researchers behind the establishment of CNPEM, physicist Cylon 
Gonçalves da Silva, wrote that “the ambition of the team that built the National 
Synchrotron Light Laboratory (LNLS) [at CNPEM] was to (...) introduce a 
new animal to the ecosystem of Brazilian S&T: a large national laboratory”.8 
According to him, they no longer wanted to reproduce the university model, with 
individual labs and “employers, recipients of scientific equipment acquired using 
public funds and immediately privatized”.

The goal of CNPEM’s founders was to introduce to the Brazilian system 
a distinct model of research facility, one that occupied different niches than 
traditional university labs. This remains a critical point for research infrastructure 
in Brazil: the poor diversity of its institutions. Brazilian research facilities, located 
primarily in the departments of public universities across the country, are all 
very similar. The organizações sociais and the other institutions cited constitute 
a different model, but they are still not very significant when compared to 
other countries, where more diverse models of research institutions and S&T 
support proliferate.

Different kinds of public-private partnerships in S&T are also much more 
common in countries other than in Brazil. It is quite common in countries such 
as the United Kingdom, Germany, and the United States, among others, to see 
non-profit associations or companies manage research institutions. Non-profit 
private entities in general are much more common around the world than they are 
in the Brazilian S&T system. Massachusetts Institute of Technology (MIT), for 

8. Available at: <http://www.abc.org.br/article.php3?id_article=3700>.
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example, is a non-profit private university with an exceptional ability to produce 
public goods: new knowledge, technologies and skilled labor. Purely state-owned 
or public institutions around the world are not always so successful at producing 
such goods.

This is a highly relevant issue in Brazil, where the inflexibility of public sector 
management heavily affects research institutions. As Glauco Arbix points out

the lack of competitiveness of Brazilian research is not due just to funding volatility, 
it is also strongly correlated to the constraints posed by the mechanisms available 
at universities, in clear contrast with the existing practices at the leading research 
universities – those that dominate the global knowledge-production scene and look 
to define themselves as true engines of economic growth.9

The bureaucracy that ties up procurement processes, signing contracts and 
agreements, and hiring within public universities is one of the key dimensions of 
this inflexibility. In fact, this aspect has been constantly highlighted as one of the 
factors that makes it difficult to execute contracts with companies, or even receive 
donations from companies or alumni.

A recent study uses the examples of MIT and Universidade Estadual de 
Campinas (Unicamp), two top universities in their countries with strong 
connections to the productive sector, to illustrate several differences in terms of 
the process for conducting research sponsored by companies (Reynolds and De 
Negri, 2017). Generally speaking, the study shows that incentives to collaborate 
with companies exist in both cases, but the internal bureaucratic processes and 
the economic environments surrounding the two universities are quite different. 
From a procedural point of view, Brazilian public universities require a myriad of 
internal approvals from department-level to the university’s executives. In United 
States institutions, such as the MIT, agreements are automatically approved 
provided the lab is available and its use will be adequately paid for by the project. 
There is no peer judgment on the merits of the agreement because, according to 
several researchers interviewed, the institution trusts its researchers.

The inflexibility of Brazilian universities was also one reason scientist 
Suzana Herculano-Houzel cited for her decision to move from UFRJ to a United 
States university.10 In addition to the rigidity of the career path, which does not 
distinguish or support the most productive researchers relative to others, the 
researcher also mentioned the administrative inflexibility and the difficulty in 
using already scarce research resources. For example, she received a cash prize 
from a United States institution to conduct her research, but it was administered 

9. Available at: <http://glaucoarbix.org/a-usp-e-os-desafios-para-a-pesquisa-de-excelencia/>.
10. Available at: <http://www1.folha.uol.com.br/equilibrioesaude/2016/05/1767938-engessamento-me-fez-deixar-o-
pais-diz-a-neurocientista-suzana-herculano.shtml>.
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by UFRJ. She encountered problems in using the funding that ranged from the 
impossibility of hiring a researcher (a role restricted to someone who had passed a 
public service exam) to the time it took to buy reagents and other research inputs.

The management flexibility provided by different arrangements for research 
institutions is expressed in a variety of ways, including personnel management. 
Scientific research frequently requires a very specific set of skills for a set period 
of time. Temporary hiring, linked to specific research projects, as well as hiring 
foreign researchers is relatively difficult at government institutions and public 
universities in Brazil.

It is no coincidence that, among the almost 2000 research laboratories 
mapped by Ipea and CNPq, more than 60% of the researchers are public servants, 
and just 14% have employment status through the Consolidated Labor Laws 
(Consolidação das Leis do Trabalho – CLT). Scholarship recipients in masters 
and doctoral programs end up as a significant part of the “work force” in such 
labs, around 17% of total researchers.

This is a critical point for the competitiveness of science produced in 
Brazilian public universities. At these institutions, a scientist has only one type 
of career available: that of a professor, whose characteristics are quite similar in 
all universities, whether state or federal. Professors are required to teach, conduct 
research, contribute to the administrative affairs of the institution, and participate 
in what is called an extensão universitária (university extension), which essentially 
consists of providing services or lectures to the community. In Brazilian public 
universities, there is no career that encompasses only research or only teaching. 
Moreover, all professors at these universities will receive job stability after a set 
(and generally short) period of time.

In United States universities, for example, only a minority of professors 
achieve tenure, that is, job stability, and there is a wide range of teaching and 
research careers available to young researchers. In addition, much of the country’s 
scientific research is conducted in institutions funded by the public sector, yet 
run by private, often non-profit organizations. One of the reasons behind the 
emergence of this kind of arrangement in the United States was the option of 
more flexible human resource management.

As human capital is fundamental to the proper functioning of research 
facilities in any given country, the ability to attract and retain highly skilled 
professionals is a crucial advantage for cutting-edge scientific research. Perhaps 
our institutions in Brazil still need more mechanisms to achieve this environment.
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3 SIZE AND SPECIALIZATION

Another critical factor for productivity and for the quality of science is the size 
of the facilities, teams, and projects. Large research facilities, as well as large 
scientific projects, possess several advantages due to scale and specialization that 
smaller projects and labs cannot always offer. These advantages range from easy 
access to research inputs and specialized suppliers to the availability of high-cost 
equipment, through a service structure designed specifically to meet the needs 
of researchers. Essentially, they are similar to what, in the production of goods, 
economists would call economies of scale.

Economies of scale are defined as a reduction in the cost per unit of a given 
good (thus, an increase in efficiency) that occurs when the volume of production 
increases. That is, producing a larger quantity allows the use of fewer inputs 
than would be required for a small-scale production. Economies of scale arise 
from several factors, including: i) workforce specialization; ii) the ability to 
purchase inputs in large quantities, thereby increasing bargaining power with 
suppliers; and iii) the development of internal services or functions that benefit 
the whole organization.

Although the nature of scientific activity is quite different, there are parallel 
factors at work in the production of cutting-edge research. Scientific knowledge 
tends to become more and more specialized. Scientists have to buy inputs, 
reagents, and equipment. Moreover, in order to focus efficiently on their central 
research question, scientists may require specialized services, such as testing and 
assays, building or adapting a piece of equipment, detailed analysis, and so on. 
Thus, it is quite reasonable to assume that, as in the production of goods, there 
may be economies of scale in the production of knowledge capable of making it 
more efficient when performed in large facilities.

Yet the existence of economies of scale in scientific production remains 
controversial and underexplored in the literature.11 A 2013 study tried to answer 
this question using data from the scientific, educational, and technological 
output of more than 1900 German research units in fields such as biotechnology, 
nanotechnology, and economics (Schubert, 2014). The study concluded that, 
as in the production of goods, scientific production is also subject to economies 
of scale. Other studies have arrived at similar results based on different 
information and a variety of methodologies (Dundar and Lewis, 1995; Groot, 
McMahon, and Volkwein, 1991; Cohn, Rhine, and Santos, 1989). Together, they 
reinforce the hypothesis that size does matter when it comes to the productivity 
and quality of science.

11. Bonaccorsi and Daraio (2005), for example, found no empirical evidence to support the existence of these economies.
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This does not mean, of course, that scientific research always requires large 
facilities to be viable or high quality. Much of the world’s scientific research is still 
conducted at small labs within universities. Yet there are important differences 
with regards to how scale affects productivity across the many scientific fields. 
Some fields, by their very nature, demand larger facilities than others.

Particle physics, and its most varied applications, is one of them. Particle 
accelerators and different light sources (such as the synchrotron light source, 
available in Campinas) are widely used around the world for research on energy 
and the characteristics of matter. These are unique, gigantic facilities with steep 
construction and operation costs. Therefore, it only makes sense for these facilities 
to be shared by many scientists from different scientific fields and institutions. 
Other examples of large-scale research facilities include research vessels, reactors, 
certain types of clean rooms, telescopes, wind tunnels, and supercomputer and 
bioinformatics centers.

These types of research facilities are essential for conducting many of the 
pioneering scientific experiments that have advanced the frontier of scientific 
knowledge. In this aspect, regardless of any returns to scale in research units as 
they become larger, one thing seems widely agreed in literature: the importance 
of large-scale research facilities for the development of science in many 
areas of knowledge.

This so-called “big science” gained momentum after World War II, in the 
wake of the scientific breakthroughs that led to the development of the atomic 
bomb, and which demanded massive infrastructure and research teams. A number 
of research institutions and national labs that today form the core of the United 
States science and technology ecosystem came into existence at the height of 
the Cold War. These publicly-funded institutions house nuclear reactors, particle 
accelerators, light sources, and other large-scale research equipment. It was in 
one of these labs, at Los Alamos, that the atomic bomb was developed. By the 
late 1960s, the United States had more than seventy such institutions, almost 
all built after the end of World War II, which required substantial long-term 
public investment.

The literature highlights several positive effects of these large-scale 
infrastructures, not only in scientific terms, but also in terms of technological 
and economic development. Certain scientific discoveries and experiments 
are impossible without particle accelerators, light sources, reactors, or other 
large piece of equipment. In addition to contributing to the creation of new 
knowledge, these facilities have also contributed to improvements in the efficiency 
of scientific research by establishing quality standards for their use, which in turn 
have become benchmarks for other researchers and institutions. In general, this 
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type of infrastructure is also multidisciplinary, because it exists to solve complex 
questions that rely on a variety of scientific knowledge and points of view. 
Moreover, these installations are often a central hub for global research networks, 
enabling a wide exchange of knowledge and information among scientists from 
various fields. In general, large research facilities welcome researchers from various 
institutions, and for this reason, they are considered “multi-user”. This means 
that any researcher, after passing a transparent, peer-reviewed selection process, 
may set up a research project using the facility’s infrastructure. For all these 
reasons, these institutions and their researchers are often responsible for much of 
the state-of-the-art science produced globally.12

Another positive effect highlighted in the literature is associated with 
the development of human capital, as many young scientists use this type of 
facility to produce their dissertations. The economic impact is also significant. 
The construction of this type of infrastructure requires the development of specific 
equipment and construction techniques, which, in turn, demands the engagement 
of local industries and manufacturers. In addition, many such research facilities 
are not for exclusive use of academic researchers. Companies and their researchers 
often rely on these facilities to conduct part of their research or to develop new 
products using equipment that would be impractical or cost-prohibitive for the 
company purchase.

One example is the nanotechnology research center at the United States 
National Institute for Standards and Technology (NIST).13 The institution, 
which is akin to Brazil’s National Institute of Metrology, Quality, and Technology 
(Instituto Nacional de Metrologia, Qualidade e Tecnologia – Inmetro), built the 
nanotechnology center in 2007 to provide industry, academia, NIST, and other 
government agencies with methods, tools and technologies for a nanometric 
scale. The center features a research lab and a factory, where more than a hundred 
employees work, including federal government employees (NIST is a public 
institution), temporary researchers, and graduate students.

Therefore, it is no coincidence that in recent years, several countries have 
devoted increasing attention to the construction of large research infrastructures. 
In the last five to ten years, there has been an increase in the number of countries 
that have developed roadmaps, in partnership with the scientific community, to 
define what research infrastructure is needed, estimate costs, and decide which 
should be prioritized for a long-term scientific development strategy.

12. Many of these arguments are detailed in a literature review carried out by the group called Technopolis for the 
Ministry of Education and Science and available at: <http://www.technopolis-group.com/report/role-added-value-
large-scale-research-facilities/>.
13. Available at: <https://www.nist.gov/cnst>.
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The ESFRI, for example, is responsible for preparing these roadmaps 
for the European Union. The objective is to select construction or expansion 
projects for research facilities capable of advancing European competitiveness 
in the long run. Table 2 shows some of the research facilities funded by the 
European Community from 2007 to 2013, under the bloc’s seventh research and 
development action plan.14

Not all research infrastructure is as large as nuclear reactors or particle 
accelerators, but even smaller facilities abroad offer contrasting examples to most 
of the research infrastructure available in Brazil. Investments may vary widely, 
but most of the facilities selected in table 2, which are reflective of the many 
unselected facilities, cost more than € 50 million. Most also have an extensive 
number of contracted researchers.

TABLE 2
Some of the research facilities supported by the European Union in recent years: 
location, initial investment, annual operating costs, and number of researchers from 
each of them

Name Country
Number of  

permanent researchers
Investment

Annual  
operating costs

Centre d’Elaboration des Matériaux et d’Etudes 
Structurales (CEMES)

France 50 to 100 50-250 M€ 0.25 to 1 M€

Forschungszentrum Rossendorf Germany 101-200 250 - 500 M € > 10 M €

Research Platform on Nanoelectronic Systems Germany 1-10 20 M € - 50 M € 0.25 M € - 1 M €

Central Laser Facility (CLF) United Kingdom 51-100 50 M € - € 250 M € 1 M € - € 10 M

Robotics Research Platform Belgium 1-10 < 20 M € 0.25 M € - 1 M €

Solar Platform of Almeria Spain 11-50 50 M € - 250 M € 1 M € - 10 M €

European Bioinformatics Institute (EBI) 
European Molecular Biology Laboratory (EMBL)

United Kingdom 201-500 50 M€ - € 250 M > 10 M €

Center for Biomolecular Magnetic 
Resonance (BMRZ)

Germany 11-50 50 M€ - 250 M€ 1 M€ - 10 M€

Source: De Negri and Squeff (2016).

For its part, Brazil has refrained from long-term infrastructure planning, 
and from financing large-scale projects. Sirius, a new Syncroton light source 
being built in Campinas, is an exception as one of the few large-scale investment 
projects for research infrastructure in Brazil in recent years. Other projects, such 
as the Brazilian multipurpose reactor or the satellite launch vehicle (that never 
took off), seem to be permanently under construction. The multipurpose reactor, 
which would produce radioactive isotopes used mostly for medical equipment 
and radiopharmaceuticals, has been in the works since 2007. In 2009, the 

14. This program is known as Framework Program, or FP7. It has been replaced recently by another research-oriented 
program, called the Horizon 2020, which also has investment goals set for large research facilities.
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newspaper Folha de S.Paulo published an article on the project, whose estimated 
cost at the time was $ 500 million.15

There are no mechanisms for consultation or dialogue with the scientific 
community to determine a long-term plan for Brazil’s scientific infrastructure, 
nor even studies related to this issue. In terms of funding, the main instrument 
would be one of the sectoral funds aimed at expanding the country’s research 
infrastructure, called CT-Infra. In the absence of planning, prioritization, and 
sufficient funds, however, CT-Infra’s resources are simply distributed among 
Brazilian universities on a regular basis. The universities, in turn, distribute 
these resources among their departments, either for maintaining or building 
small labs. As a result, Brazil continues reproducing the type of research 
infrastructure already in place: small research laboratories spread across a number 
of Brazilian universities.

A survey conducted by Ipea, CNPq and MCTI provides evidence of the 
modest scale of our research facilities in Brazil. The survey asked managers of 
research units and laboratories to estimate the total value of the equipment available 
at their research facility as well as the value of the entire installation (including the 
value of the buildings). More than 40% of lab coordinators reported that the sum 
of their equipment was less than R$ 250,000 (about $ 70,000). According to the 
results, only eighty-eight installations – just 5% of the sample – had equipment 
assets of more than R$ 5 million ($ 1.35 million). The same trend holds true for 
the total value of the facilities. About 60% of the coordinators claimed that the 
total value of their research facility, including buildings and equipment, was less 
than R$ 500,000 ($ 185,000).

Although we know it is difficult to estimate these values precisely, and 
recognize that variations are likely due to different understandings of the 
concepts addressed (costs, revenues and infrastructure value), all these indicators 
point in the same direction: the modest size of most of our research facilities. 
Just over twenty facility managers among the 1,760 surveyed reported that the 
total value of their physical facilities and equipment exceeded R$20 million 
($ 5.4 million). The small scale of Brazilian research facilities is also visible in the 
items related to annual costs and revenues, which rarely exceed R$ 1-2 million 
per year. The number of researchers on the premises also points out in the same 
direction: about 8,000 researchers work at the institutions mapped in the survey 
(for comparison, more than 10,000 people work at Los Alamos lab alone), which 
comes to an average of four researchers per installation. Despite several important 
absences in the survey, it reflects a very reliable picture of Brazilian research 
infrastructure, confirming its modest scale.

15. Available at: <http://www1.folha.uol.com.br/fsp/ciencia/fe3005200901.htm>.
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This does not mean, however, that there are no major research institutions 
in Brazil with characteristics similar to those of large research facilities in 
other countries: there are a few. The largest Brazilian research institutions are 
shown in table 3.

The Embrapa, associated with the Ministry of Agriculture, is undoubtedly 
one of the most important institutions of the Brazilian innovation system. 
Embrapa is a public company created in 1973 under the administration of the 
Ministry of Agriculture, aimed at developing applied science and technology for 
the Brazilian agricultural sector. Today, it has more than 9,000 employees and 
nearly 2,400 researchers working in more than sixty units across the country.

The Fiocruz is a public research institution associated with the Ministry of 
Health, and is responsible for a number of activities such as R&D, vaccine and 
drugs manufacturing, education and training, hospital care, and products 
and services quality control. The institution was created in 1900, and today has 
over 11,000 employees and health professionals. However, most of its employees 
and of its budget are not committed to performing research activities, but are rather 
in charge of the production of medicines and vaccines for the Brazilian health 
system. Its R&D activities are just an ancillary responsibility of the institution.

TABLE 3
Total budget (not just for research) of the largest Brazilian research 
institutions (2014)

Research institute Budget (BRL thousand)

Fiocruz – includes manufacturing drugs and vaccines1 4.265.978

Embrapa 2,852,532

Butantan Institute1 1,090,131

Institute of Technological Research (Instituto de Pesquisas Tecnológicas – IPT)2    168,837

IMPA    108,771

National Institute of Space Research (Instituto Nacional de Pesquisas Espaciais – INPE)    108,409

CNPEM3      76,097

Source: Transparency Portal (available at: <www.transparecia.gov.br>) and MCTI. Accessed in: Sept. 2016.
Notes: 1 Includes the budget for vaccines and drugs manufacturing and for education, plus the research budget.

2 Includes the basic budget of the State of São Paulo’s (about 35% of the total) and revenue from technological 
services (65%).

3 Does not include the contingency budget for building the construction of the new syncroton light ring.

The Butantan Institute, created in 1901, is connected to the state of São 
Paulo. Today, the Institute is the main Brazilian producer of immunobiologicals, 
and is responsible for a large fraction of the national production of vaccines and 
hyperimmune serums used by the Ministry of Health. In addition to 
producing immunobiologicals, Butantan also maintains zoological collections 
and conducts basic and applied research on venomous animals, pathogens, and 
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immunobiologicals production and control. The institute is currently involved 
in research and development of a vaccine against the dengue and Zika viruses. 
Finally, it also offers graduate courses in its fields of expertise.

The CNPEM is a nonprofit social organization that receives public funding, 
but has a more flexible administrative structure than a purely public institution. 
CNPEM is likely one of the most efficient research institutions in Brazil and 
perhaps the only one with the characteristics of a large research facility like the 
United States national labs or similar institutions across the world. It is effectively 
a multi-user institution, which welcomes researchers from other institutions and 
has become a global reference for research using synchrotron light. Connected to 
the MCTI, it employs seventy-five researchers as staff. Almost 2,000 researchers 
used CNPEM’s facilities in 2014.




