
 Newsletter of the Brazilian Association
of Nuclear Energy 

29th Year  •  Number 55  •  July 2023

New impulse for 
the BMR
Reactor project 
receives 
new funding 
to produce 
radioisotopes for 
industry and for 
medical use 



ABEN President
John M. Albuquerque Forman

Editorial Board
Carlos Henrique C. Mariz - Aben
Edson Kuramoto - Aben
Francisco Rondinelli - Cnen
Márcia Flores - Aben
Paulo Ribas - Aben
Olga Mafra - Aben
Olga Simbalista – Aben

Publisher
Vera Dantas

Contributor
Bernardo Barata

Artwork
IG+ Comunicação Integrada

Brasil Nuclear is a publication of the Brazilian 
Association of Nuclear Energy – ABEN
Rua Candelária, 65 • 14º andar • Centro Rio de Janeiro •
RJ • CEP: 20091-906
Tel: (55 21) 2266 0480 • 2588 7000 • Ramal 4721
aben@aben.org.br • www.aben.org.br

3

4

8

15

12

SUM

Editorial
Challenges and opportunities

Interview 
Francisco Rondinelli,  

president of the CNEN

Cover story
BMR receives new funding  

from the FNDCT

Energy
Nuclear and renewables:  

partners in decarbonisation 

Energy policy 
Nuclear sites and the expansion of 

nuclear power  in Brazil

Environment 
CENTENA – Brazil’s centre for safety 

and sustainability

Summary

16

Cover: Brazilian Multipurpose reactor - 
BMR Project Coordination (CNEN)



BRASIL NUCLEAR        3 

Editorial SUM

Challenges and opportunities

In December 2022, ABEN elected a new board, with a two-
year mandate. The board faces a period of both challenges and 

opportunities.

The opportunities are related to a new era that is emerging, in which nu-
clear energy and its applications are undergoing a renaissance, with the world 
now recognising its important role in offering the planet a promising and safe 
future. Electricity generated from nuclear power is clean and provides a guaran-
teed source of energy for electricity grids. Alternative energies are experiencing 
extraordinary development, however, due to their intermittency in generating 
electricity, they require a guaranteed and permanent baseload to compensate 
and this can be provided by small nuclear reactors.

New generations of reactors are being developed, seeking not just an opti-
mised form of operation, such as through scale, but which enable them to be 
built entirely within industrial plants, with direct and quick installation, at the 
selected sites, leading to lower costs. These are the SMR reactors, with capacities 
of up to 300 MW.

This new generation of reactors require new types of fuel with higher enrich-
ment levels, such as HALEU.

Equally promising is the fact that Brazil is one of only three countries in the 
world, along with China and Russia, that has, at the same time, uranium reserves, 
produces the concentrate, masters the conversion technology producing UF6, as 
well as isotopic enrichment, manufactures the fuel and builds and operates nu-
clear power stations. It also manufactures all the heavy equipment used within 
power stations.

It is an exceptional position to be in and this must be recognised, supported 
and promoted by society and the authorities, who need to have a much greater 
level of awareness about it.

The challenges begin, first of all, with ensuring that the construction of Angra 
3 continues uninterrupted, thus enabling it to enter operation four decades after 
construction work began.

As for the new reactors, we are already developing the prototype of an SMR, 
which is the reactor for the Brazilian Navy’s submarine. It is a technology that 
falls under what the IAEA refers to as PWR+, as it is a technology that is already  
available, while others are expected to become available within 5, 10, 15 years or 
more. Russia already uses this type of reactor to generate energy in Siberia and 
for use on ships and vessels.

HALEU-type fuel is already produced in Brazil, through a partnership between 
IPEN and the Navy, for research reactors. However, it is critically important that 
the nuclear fuel cycle be completed on an industrial scale, with the construction 
of a conversion plant and the acceleration of centrifuge production for the iso-
tope enrichment cascades.

This is an opportunity for Brazil to become not only a country capable of using 
nuclear energy, but also a major exporter of products and services related to it.

Completing the BMR is another 
goal that must not be forgotten, given 
its importance for the production of 
radiopharmaceuticals and for carrying 
out research and testing of materials.

Promoting the use of food irradia-
tion and agricultural produce should 
increase the competitiveness of Bra-
zil’s agricultural industry.

For all of this, there is a demand for 
fully qualified professionals who are 
currently in short supply due to the 
ageing of those generations of profes-
sionals who were trained in the 1970s 
and 1980s.

These are challenges that must be 
faced and can be overcome with de-
termination and persistence.

ABEN, an association that has been 
in existence for four decades, must 
work intensively to educate society 
and the authorities about the advan-
tages of the various uses of nuclear 
energy. To do this, we must  increase 
our membership, in terms of both indi-
vidual and corporate members, as our 
colleagues have grown old and many 
have left.

We are already seeing the results of 
the work that has been done, such as 
the mobilisation of the Joint Parliamen-
tary Front for Nuclear Activities which 
is providing information and clarifica-
tions to society and the authorities. The 
proposed  agreement with France to  
develop  a SMR, the discussions regard-
ing a national SMR, the completion of 
the nuclear fuel cycle are all proposals 
that have arisen from this.

With the support of all our mem-
bers, we can do much more. We’re 
counting on everyone!

John M. Albuquerque Forman
President of ABEN 
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Interview

The Safety Authority must not
be subordinated to the MME

The appointment of the engineer Francisco Rondinelli to the 
presidency of the National Nuclear Energy Commission (CNEN, 

acronym in Portuguese) was very well received by the nuclear 
sector. Rondinelli’s professional career has been marked by his 

work at CNEN, which he joined in 1984, after having completed a 
master’s degree in Production Engineering, with a focus on nuclear 
energy, at the Pontifical Catholic University of Rio de Janeiro (PUC-

Rio). His multidisciplinary profile is the result of his participation in 
projects that applied nuclear technology in diverse areas such as 

energy, the environment and agriculture, among others, as well 
as in management and strategic planning. He has also taken part 

in projects with the International Atomic Energy Agency (IAEA). 
In his interview with Vera Dantas, from Brasil Nuclear, Rondinelli 

stated that the bill that created the National Nuclear Safety Authority 
was returned by the Senate and needs to be revised in order to 

implement structural and budgetary adjustments and also to correct 
a “conceptual error”, which linked it to the Ministry of Mines and 

Energy (MME). According to him, the Convention on Nuclear Safety 
establishes that a nuclear regulatory authority cannot be linked to the 

same government body as nuclear power stations. “The Authority can 
be subordinate to any ministry, other than the MME,” he affirmed. 

In your professional career at CNEN, 
what was the most significant proj-
ect you took part in?

The project to develop the technol-
ogy for the nuclear fuel cycle. The 
project was already underway when 
I joined CNEN and was carried out in 
partnership with the Brazilian Navy. 
I also took part,  from the very be-
ginning, in IPEN’s production of ra-
diopharmaceuticals.

In your opinion, what are CNEN’s 
main historical milestones?

I find it difficult to name just one 
milestone, but I would highlight the 
participation in the development of 
nuclear fuel technology and the proj-
ect to implement cyclotrons for the 
production of radiopharmaceuticals 
with a short half-life. 

With the break-up of CNEN, licens-
ing and inspection activities will be 
transferred to the National Nuclear 
Safety Authority (ANSN, acronym in 
Portuguese), and it is proposed that 
it be linked to the Ministry of Mines 
and Energy (MME). The Agency was 
created at the end of 2021, but it is 
still not functioning. What is the cur-
rent situation?

The need to separate the functions of 
promotion and inspection is a long-
standing discussion within the nu-
clear sector globally. The Convention 
on Nuclear Safety states that these 
two activities must be ‘functionally 
independent’, but does not say ‘in-
stitutionally independent’. Brazil met 
this requirement when it restructured 
CNEN, creating the Research and 
Development and Radioprotection 
and Nuclear Safety directorates, with 
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separate functions. However, I would like to point out one 
very important detail: the creation of a nuclear regulatory 
authority is a sovereign act by a country. That’s why, in in-
ternational forums, when asked if we were going to cre-
ate a separate regulatory authority, we would show that 
we had a very distinct institutional separation, which does 
not compromise any of the safety aspects. The discussion 
stopped there. Recently, this discussion has gained new 
momentum. In Brazil, there was also some internal debate, 
which led the government to create a nuclear authority, 
even though it had no obligation to do so. I see this as a 
very positive decision. I consider it appropriate, as it can 
improve the governance of the process and provide so-
ciety with greater transparency and peace of mind given 
that the two functions are effectively independent.

However, I do see a problem with the way this process 
was carried out. Following a determination of the Finance 
Ministry, the creation of the new regulatory body was to 
be done at zero cost, which I consider to be an impossible 
task. In reality, what happened was that CNEN was divided 
in two with the area responsible for inspection becoming 
the Authority. This weakened both institutions as their  
functioning was compromised.

But has this division already occurred in practice?

Fortunately, not yet. At the end of 2022, during the work 
that was undertaken by the Transition Group of the current 
government, the need to review the measure was identi-
fied, and the bill that established it was returned by the Sen-
ate. Therefore, the Authority has been established by law, 
but has not yet initiated its activities as  structural and bud-
getary adjustments are needed so that the two institutions 
are strengthened.

In addition, a “conceptual error” committed during the 
process needs to be corrected, this was the linking of the 
Regulatory Authority to the MME. The Convention on Safety 
clearly establishes that a nuclear regulatory authority can-
not be linked to the same government body as the nuclear 
power stations. Therefore, the Authority can be subordinat-
ed to any ministry, other than the MME.

The main reason for this decision is that, in the model ad-
opted by Brazil, regulatory agencies are linked to the min-
istries of their activities and, therefore, a nuclear regulatory 
agency should be allocated to the ministry that manages 
nuclear generators. However, there is a big difference be-
tween a regulatory agency and a nuclear regulatory au-
thority. Regulatory agencies are tasked with regulating and 
managing their respective markets, deriving their revenue 
from them. A nuclear regulatory authority, on the other 
hand, has no market to regulate and must earn its own in-
come from taxes or public funds. According to the Conven-
tion on Nuclear Safety, the regulatory authority cannot get 

involved with the market under any circumstances. This was 
the error, which is now being corrected with the re-evalua-
tion that is being carried out. 

Is there a trend towards changing the responsibilities and 
subordination of companies and activities within the nu-
clear sector in Brazil?

Not as far as I know. A step was taken previously in struc-
turing the nuclear sector, with the transfer of the INB and 
Nuclep, companies from the Ministry of Science, Technol-
ogy and Innovation (MCTI, acronym in Portuguese) to the 
MME. Eletronuclear, on the other hand, was moved from  
the structure within Eletrobras, which was privatised, and 
is now under the control of Empresa Brasileira de Participa-
ções em Energia Nuclear e Binacional S.A. (ENBPar), along 
with Itaipu. Perhaps this model will be revised, since these 
two energy companies operate in quite different areas. I 
think these issues should be discussed, but I don’t see any 
action in this direction. 

What are the main challenges facing CNEN?

In general, science and technology institutions within the 
public sector have lost a lot of their capacity to act  due to 
staff who have left or retired, and who have not been re-
placed. These former members of staff need to be replaced. 
There is also a need to restore budgets to cater for the in-
crease in activities within the country’s nuclear sector. 

But the biggest challenge for the nuclear sector today is to 
demonstrate, to society, its importance and its contribution 
to the development of society and to ensuring a secure en-
ergy matrix. When I talk about energy security, I mean guar-
anteed supply. Another problem to be tackled is the low 
motivation for professionals to enter the sector. We need to 
offer young professionals, who are graduating, the oppor-
tunity to engage in a sector that provides important results 
for society. 

What are the main projects currently being carried out by 
CNEN and its technical-scientific centres?

Currently, we have two major projects which have been 
very rewarding to take part in: the Brazilian Multipurpose 
Reactor (BMR, acronym in Portuguese) and the Nuclear and 
Environmental Technology Centre (CENTENA, acronym in 
Portuguese). The latter aims not only to store low- and me-
dium-level radioactive waste, but also to develop techniques 
for the storage, treatment and management of waste in 
general. Another important project is a mobile unit to dem-
onstrate the application of irradiation for treating effluents, 
which is currently being finalised at IPEN. As well as visiting 
industrial plants to demonstrate the efficiency of the process, 
the unit will be able to provide effluent treatment services 
locally. 
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Another application, that I consider important, will play a 
role in mitigating a serious environmental problem, which 
is the pollution caused in the oceans by microplastics. Our 
research institutions are developing analysis techniques 
to identify not only the presence of microplastics, but also 
their composition and origin. There is an international proj-
ect, led by the IAEA, to build a network to monitor the pres-
ence of microplastics in South America and the Caribbean.

The BMR’s timetable has constantly been delayed due to 
a lack of resources. Is there any prospect of this changing?

The change has already taken place. At the end of last year, 
with the changes at the MCTI, R$ 172 million were released 
from the National Fund for Scientific and Technological De-
velopment (FNDCT, acronym in Portuguese). We plan to use 
these funds over the next two years, when all the engineer-
ing projects will be completed and we can start the con-
struction phase. 

Experts within the sector believe that a project the size of 
the BMR should have an organisational structure to coor-
dinate and carry out the various planned actions. What 
do think of this proposal?

I agree that we need to establish an organisational structure 
dedicated to project management and this will be the em-
bryo of a new CNEN research centre. It is also important, a 
little further down the line, to recruit and train the technical 
staff who will work on the project. We have already sought 
government support for a selection and recruitment pro-
cess to contract these human resources.

Like the BMR project until just recently, the project for the 
final waste repository, CENTENA, has made little progress. 
The lack of resources compromises the project timetable, 
which is due to start operating in 2029. Does this pose a 
risk of paralysis for nuclear facilities that generate low- 
and medium-level radioactive waste? 

Over the last two years, the necessary steps have been tak-
en to apply the repository site selection standard, which is 
very complex. It was a fairly extensive piece of work. 

At what stage is the process?

The country’s regions that are within reach of the nuclear 
power stations and CNEN’s intermediate storage facilities 
have already been mapped. Six sites have been identified in 
São Paulo, Rio and Minas that meet the specifications. This 
study has been finalised and submitted to the MCTI, and 
once approved, the next step is to visit the selected sites 
to confirm, on site, the cartographic data and the data col-
lected from databases. We have complied with the standard 
and presented it to CNEN to begin the licensing process, 
but now we need to choose the site.

What is the cost of the project?

It is estimated at R$130 million. So parallel to our work, is 
the process to secure the resources to make it happen. Con-
struction is scheduled to take four years, which, in a way, is 
in line with the completion date for Angra 3. The idea is for 
the project to be completed at the same time as the new 
power station enters operations in 2029. 

The lack of a strategic plan for developing the technology 
is regarded as one of the weaknesses of the nuclear area. 
How do you see the prospect of creating projects such as 
the development of a small reactor (SMR) or new technol-
ogies such as the manufacture of fuel rods? 

Firstly, it is necessary to carry out nationally a diagnosis of 
the sector to identify where its capacities and deficiencies 
lie, in the light of the global context. The  internalisation of 
new technologies must be done through a Brazilian nuclear 
programme aimed at implementing the strategic projects, 
which are: Angra 3 and as many more plants as are neces-
sary, CENTENA, the BMR, and the expansion of the centri-
fuge production plant and the enrichment plant. In terms 
of technological development, we need to keep up with 
the state of the art in SMR reactors, new materials, new con-
cepts for fuel elements.

Are SMR reactors already close to becoming a reality?

Around 80 SMR reactor projects are being developed 
around the world, but today there is still no facility ready 
to supply energy. One of the most advanced projects is Ar-
gentina’s Carem1, which is already at its first experimental 
prototype stage. We are in a privileged position because 
Argentina is our partner in the BMR.

Is there already movement towards a partnership in SMR 
projects?

We are going to seek a partnership with Argentina in the 
SMR area, as our abilities complement each other. Starting 
with the co-operation to construct the BMR, we can expand 
to include projects in the areas of fuel elements, comple-
menting the production chain and SMRs.

Could the research areas of doctoral programmes be 
geared towards final projects like these? 

Once the country has a medium and long-term nuclear pro-
gramme, we will be able to create a programme to meet 
the demand for professionals within the sector’s produc-
tion chain, both in the public and private sectors. But there 
are already postgraduate courses in the various fields of nu-
clear applications, as is the case with the CENTENA project 
which collaborates extensively with the  Federal University 
of Minas Gerais (UFMG, acronym in Portuguese) to develop 
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academic work. There is a group of postgraduate students 
developing master’s and doctoral theses in the areas of ma-
terials, processes and methods of analysis that will enable 
the development of a process for treating, securing and in-
sulating material. This is what I call an innovation chain.

Is there any planning in relation to replacing the ageing 
workforce of the nuclear institutions?

We are drawing up a plan that includes economic, mana-
gerial and administrative aspects. One thing is certain: we 
won’t be carrying out a huge recruitment drive in the public 
sector. The 1,800 existing vacancies will be filled progres-
sively but we are also assessing future retirements, which 
will increase the need for staff. This is what we are putting 
on the agenda to discuss with the MCTI.

What is the importance of the International Nuclear At-
lantic Conference (INAC), the largest and most important 
event in the nuclear sector in the Southern Hemisphere, 
in promoting academic research, especially that linked to 
CNEN?

I have had the opportunity to take part in all of the editions 
of the INAC and I consider it to be fundamentally important  
because it offers a week-long experience with several simul-
taneous events: the National Conference of Nuclear Appli-
cations (ENAN, acronym in Portuguese), the National Con-
ference of Reactor Physics (ENFIR, acronym in Portuguese), 
the National Conference of the Nuclear Industry (ENIN, ac-
ronym in Portuguese),  the ExpoINAC and the Junior Poster 
exhibition. This facilitates the interaction of   professionals 
from diverse segments of the nuclear sector, academics, and 

students.  One of the characteristics of the INAC is that it at-
tracts  young professionals or potential professionals from 
the sector. More than once, I’ve heard foreign professionals 
say that it’s the event within the nuclear sector where we 
see the greatest number of young people taking part.

In your view, how can ABEN, which celebrated its 40th an-
niversary in 2022, continue to contribute to the develop-
ment of the Brazilian nuclear sector?

ABEN is an organisation that brings together professionals 
from the sector and also has participation from some of the 
sector’s public institutions. I think the organisation needs 
to do more work to reach out to new professionals. CNEN 
has always supported ABEN, which must continue in its pur-
pose of supporting the communication process of the insti-
tutions and clarifying the issues raised by society, as well as 
putting forward suggestions for our nuclear programme. It 
brings together a great number of professionals and is well 
respected within the sector. As a non-commercial organisa-
tion, it is sufficiently neutral to do this. 

What is your outlook for the future of the Brazilian nucle-
ar sector? What recommendations can you provide?

Brazil has great potential in the nuclear area because it has 
mastered the technology of the fuel cycle. This is extremely 
important. Secondly, it has a history of developing applica-
tions in the nuclear sector. And despite all the difficulties, it 
maintains training programmes in the area. I see a positive 
outlook for the medium and the long term. And my recom-
mendation is for the government to look at the Brazilian 
nuclear sector to identify its contributions to society, and 
create a Brazilian nuclear programme, with objectives and 
targets.

Would you like to make any further comments? 

Brazil needs to continue to make progress in expanding its 
nuclear programme for generating electricity. The country 
needs energy security and, to achieve this, it needs to have a 
balanced matrix, with renewable and dispatchable sources. 
As renewable sources have a degree of instability, we need 
to add a dispatchable component to the energy matrix. It 
is this component that will ensure that, when renewables 
fluctuate, the country has a source that continues to de-
liver energy. The dispatchable sources are thermal, natural 
gas, biomass and nuclear. Today, the Brazilian nuclear sec-
tor would be able to deliver, to the grid, the equivalent of 
Itaipu in terms of electricity generated. Let’s remember the 
old maxim that “the most expensive energy is the energy 
you don’t have”. We’re not talking about building nuclear 
power plants all over the country, but about exploiting the 
potential we have today, which will minimise costs and op-
timise electricity generation.

We are going to seek a 
partnership with Argentina 

in the area of SMRs, 
since our competences 

complement each other. 
From the cooperation on 

the BMR, we can expand to 
projects in the areas of fuel 

elements, complementing the 
production chain and SMRs
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The light at the end of the tunnel for the BMR 
Project receives new funding from the FNDCT

Vera Dantas

At its 74th annual meeting in July, 
the Brazilian Society for the Advance-
ment of Science (SBPC, acronym in 
Portuguese) unanimously approved a 
motion to support the BMR, aimed at 
the presidential candidates, members 
of congress and the presidents of sci-
entific associations and societies. The 
initiative received the support of the 
Brazilian Society of Nuclear Biosci-
ences, the Brazilian Society of Physics, 
the Brazilian Association of Collec-
tive Health and the Brazilian Society 
of Pharmacology and Experimental 
Therapeutics.

However, in the latter months of 
2022, the Minister Paulo Alvim, who 
replaced Marcos Pontes, following his 
departure from the MCTI to run for the 
Senate, had been showing interest in 
the BMR and held a series of meetings 
with officials from CNEN, researchers 
and representatives from the field of 
nuclear medicine and the scientific 
community, to obtain further details 
about the project. In December, the 
MCTI authorised the release of R$ 172 
million of funding from the FNDCT, 
through a new agreement between 
CNEN and the Research and Projects 
Funding Agency (FINEP, acronym in 
Portuguese), with December 2025 as 
the deadline for completion.

The change in the outlook was rein-
forced by the new government. During 
President Luis Inácio Lula da Silva’s offi-
cial visit to Buenos Aires, in January, the 
Minister, Luciana Santos, announced 
the MCTI’s intention of  moving forward 
with the construction of the BMR and 
resuming the partnership with Argen-
tina in relation to the project. The Joint 
Presidential Statement issued,  follow-
ing the  meeting, reaffirmed the strate-
gic alliance between the two countries 
in the area of nuclear technology, em-

On the 3rd of September 2008, the inaugural meeting of the 
Brazilian Multipurpose Reactor (BMR) project was held, a venture 

designed to produce radioisotopes for applications in health, industry, 
agriculture and the environment, among others. The project also 

aims to test and classify materials and fuels for power reactors 
and for scientific and technological research on the use of neutron 

beams in materials. The event was attended by the president of the 
National Nuclear Energy Commission (CNEN), Odair Dias Gonçalves, 

directors and researchers from the commission and representatives 
from the Navy’s Technology Centre in São Paulo (CTMSP, acronym in 

Portuguese). The reactor was scheduled to start operating in 2013. 
However, 10 years later, the project has advanced conceptually, but 

no construction work has started.

The inconsistency in the release of government funding has led to successive 
project delays. In 2022, the situation became critical due to the restrictions on  the 
National Fund for Scientific and Technological Development (FNDCT,  acronym in 
Portuguese), which meant that there would be no funding. The outlook for 2023 
was  not promising either. Contributing further to the climate of uncertainty was 
an initiative of the Ministry of Science, Technology and Innovation (MCTI), which 
consisted of carrying out a study with the aim of “revisiting” the BMR; this sug-
gested, to those participating in the project, that it would be closed down. “Since 
the end of 2021, the ministry has been collecting information, but we had the 
impression that the real aim behind this move was to stop the project from going 
ahead,” stated the BMR’s current technical coordinator, Patrícia Pagetti.

In protest at the government’s lack of political will to ensure the necessary 
financial resources, the technical coordinator and creator of the BMR, José Au- 
gusto Perrotta, retired from the National Nuclear Energy Commission (CNEN) 
and left the project in June 2022.

8        BRASIL NUCLEAR 

BMR opening meeting
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phasising the importance of the bilateral partnership in the 
construction of the BMR and the Argentinian Multipurpose 
Reactor (RA-10).

Currently, the new timetable envisages the completion 
of the main construction works and the reactor’s commis-
sioning in 2028, i.e. 20 years after the start of the project. 
The total estimated cost of the BMR is US$ 500 million (ap-
proximately R$ 2.5 billion), spread over five years, that is, an-
nual contributions of US$ 100 million to complete the proj-
ect. “This is a very small fraction of the resources available to 
the FNDCT which are around US$ 2 billion a year,” observes 
José Augusto Perrotta - although retired, he continues to 
work on the BMR in a voluntary capacity.

However, since its launch in 2008, the BMR has received 
R$ 452 million, including the current funding agreement of 
R$ 172 million. “In 14 and a half years, the funding made 
available does not amount to 15% of the total estimated 
cost of the project. It’s a very low figure,” says Patricia Pag-
etti. “We need to define whether or not the BMR is a prior-
ity project for the country,” says Sílvia Velasques, former 
president of the Brazilian Society of Nuclear Biosciences 
and SBPC representative on the nuclear medicine working 
group, set up by the GSI to draw up the Brazilian Nuclear 
Programme. She points to the  incoherence between the 
discussions on the strategic nature of the BMR and the lack 
of resources for the project. “Having secured less than 15% 
of the project funding, in 15 years, shows that the project 
was never considered a priority by the government.”

Planning

With the funding that has already been received it has 
been possible to finalise the detailed engineering project 
for the building that will house the nuclear reactor and the 
basic engineering project for all of the project’s installations. 
So far, 17,000 technical engineering documents have been 
produced. Some of the funding, from the new agreement 
with the FINEP, will be used to contract the detailed design 
of the radioisotope processing unit, which will be built next 
to the reactor  building. This is a highly complex project: the 
first-of-its-kind in Brazil. “Brazil has four research reactors, 
but no plant for the production of radioisotopes such as 
molybdenum-99, which is the main input in the production 
of the majority of the radiopharmaceuticals used in nuclear 
medicine,” says Patrícia Pagetti.

The BMR coordinator also plans to start, in mid-2024,   
some of the building work at the 2 million square metre site, 
in Iperó, São Paulo, donated by the Navy and the São Paulo 
State Government. One of the projects is the construction 
of a bridge over the Ribeirão do Ferro river, which is neces-
sary to open up access to the site where the reactor building 
will be constructed. The first earthworks are also planned, 
as well as the start of the construction of the main roads. 

However, funding has not yet been allocated to begin con-
struction of the reactor building and the radioisotope pro-
cessing unit. One possibility she has raised is to negotiate 
other agreements that will allow these works to be carried 
out in parallel. “We have resources guaranteed for the next 
two years, but as for the long term, we are always working 
with a lot of uncertainty,” she says.

It is also planned to procure a company, specialising in 
the implementation of nuclear projects, that will provide 
advice for producing a strategic plan for the construction 
of the BMR.

CNEN’s president, Francisco Rondinelli, estimates that 
the BMR will take another seven years to complete: two 
years will be spent finalising the detailed engineering de-
sign and some civil engineering works, and another five 
years on the construction.

Human resources

For Patrícia Pagetti, it is necessary to create a structure 
“commensurate  with the complexity and magnitude of this 
project”. Currently, only Pagetti, along with five technolo-
gists and Perrotta (as a consultant) are fully dedicated to the 
BMR. But they count on the collaboration of 75 researchers 
and technologists from the institutes linked to CNEN, who 
offer a portion of their time to work on the revision of docu-
ments, the drawing up of technical specifications and dis-
cussing the entire technical element of the BMR’s design.

The project’s organisational chart indicates that around 
300 people will be needed for the various phases of the 
BMR’s implementation. Some of them will have to be 
trained when work on the reactor begins. “It’s important 
that the people who will operate the reactor also accom-
pany its construction,” explains Pagetti.

Research centre

“The BMR project is not just about a reactor. It is a re-
search and development establishment that nurtures other 
technologies,” says Francisco Rondinelli. One of the fruits of 
the BMR is the development of fuel technology for research 
reactors, carried out in partnership with CNEN, Indústrias 
Nucleares do Brasil (INB) and the CTMSP. Without giving 
away any names, he said that CNEN has already been con-
sulted by some countries interested in the supply of fuel for 
their research reactors. 

The BMR project financed the infrastructure of the CT-
MSP’s Isotopic Enrichment Laboratory to enrich uranium to 
20%, which will then be supplied to the BMR. It also  struc-
tured the Nuclear Fuel Centre of the Nuclear and Energy Re-
search Institute (IPEN, acronym in Portuguese) to produce 
the fuel elements and uranium targets for the operation of 
the BMR. Nineteen fuel elements, identical to those of the 
BMR, were produced and loaded into the core of the IPEN/
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MB-01 reactor. This new core of the 
IPEN/MB-01 has been licensed and is 
in operation, simulating the core of 
the BMR reactor. This autonomous, 
fuel supply project, for research reac-
tors, developed 100% domestically, is 
rare in the world. Perrotta often prais-
es this fact when he says that “the neu-
trons in our research reactors speak 
Portuguese”.  

The project will have laboratories 
for processing radioisotopes, post-ir-
radiation analysis, radiochemistry and 
neutron activation analysis. There are 
also plans to create a National Neutron 
Beam Laboratory to complement the 
activities carried out by the National 
Synchrotron Light Laboratory (LNLS, 
acronym in Portuguese) in Campinas. 
In the future, it may also include a high-
powered laser laboratory and another 
dedicated to the study of nuclear fu-
sion technology, as well as high-energy 
particle accelerators for the production 
of radioisotopes and research.

The laboratory for processing radio-
isotopes for use in healthcare  will help 

to reduce the country’s vulnerability in this area, which is starkly clear for all to see. 
Currently, Brazil imports the radioisotopes used in the production of radiophar-
maceuticals, most of which are supplied by Russia. Due to the enormous distance 
between the two countries and the radioactive decay of the material, the opera-
tion is logistically complex, made even more difficult due to the conflict between 
Russia and Ukraine.

One example of the country’s vulnerability is its external dependence on the 
molybdenum-99 radioisotope for the production of molybdenum-technetium 
generators, which supply the radiopharmaceutical used in most of the scintigra-
phy tests carried out in Brazil. Most of the generators are supplied by IPEN. Mo-
lybdenum-99 is imported weekly from countries such as Argentina, Israel, South 
Africa and Russia. “Any irregularity in its supply has an impact on the produc-
tion of molybdenum-technetium generators, which are distributed throughout 
the country,” states Rafael Willain Lopes, a consultant in nuclear medicine, with a 
special emphasis on cardiology, and president of the Brazilian Society of Nucle-
ar Medicine (SBMN). In his opinion, the BMR project will bring about a series of 
changes in this context by guaranteeing the country’s autonomy in the produc-
tion of various isotopes, especially molybdenum-99. “The technetium generators 
will be produced with raw materials from Brazil, priced in Brazilian reals, which 
will facilitate their distribution and, above all, allow us to expand access and re-
duce the costs of nuclear medicine for the population,” he explains. He believes 
that the BMR will be a hub  for generating know-how that will make it possible to 
produce new isotopes and it will have the capacity to supply, not only Brazil, but 
also, other countries, in Latin America and beyond. 

Every year, around two million medical procedures, in the area of nuclear med-
icine, are carried out in the country, both within the private healthcare sector as 
well as by the National Health Service (SUS, acronym in Portuguese). Myocardial 
scintigraphy scans account for half of all procedures. Radiopharmaceuticals are 

Simultaneous operations
A multipurpose research reactor has the capacity to car-

ry out several operations at the same time. So, the BMR can 
simultaneously irradiate targets for the production of ra-
dioisotopes, fuel elements, materials for the structure of the 
reactor core and materials for analysis by neutron activation. 
In addition, the high-intensity neutron beam generated by 
the reactor core can be used to analyse and research the 
structures of new materials. “It complements, for example, 
the country’s capacity for research into new materials. The 
Sirius Project, which is very important, does research into 
new materials, but it doesn’t have a neutron beam,” says 
Francisco Rondinelli.

Patrícia Pagetti guarantees that carrying out several ope-
rations simultaneously does not involve any safety risk. “The 
multipurpose reactor is designed for this: it can be irradia-
ting silicon or uranium targets, as well as carrying out fuel 
tests or using neutron beams for scientific research. And 
each of these activities follows the safety standards stipula-
ted by the regulatory body,” she explains.

José Augusto Perrotta

Patrícia Pagetti
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also used in PET-CT diagnosis and traditional scintigraphy, as well as for the treat-
ment of diseases such as thyroid cancer, with iodine-131, and neuroendocrine 
tumours, with lutetium-177, which, more recently, has also been used for pa-
tients with advanced prostate cancer. This number, however, should be double, 
according to the president of the SBMN. “In other Latin American countries such 
as Argentina and Chile, the possibility of a patient receiving a nuclear medicine 
examination, or treatment, is twice as high as the availability in Brazil,” he states. 
“The difference is even greater if we compare the number of procedures carried 
out within the private sector compared to the public healthcare system,” he em-
phasises. Around 94 per cent of nuclear medicine services are private - although 
the vast majority of clinics provide services to the SUS - and only 6 per cent are 
public. He estimates that, even with constant growth, it would take 30 years for 
the number of procedures in the public health service to reach those carried out 
in the private sector. “The BMR will be able to help to reduce this asymmetry in a 
shorter period of time, bringing the prospect of significant gains for the popula-
tion, through access to these technologies and health benefits in general, as well 
as becoming a centre for teaching, research and scientific development for our 
country,” he claims.

The three pillars of a major project

Although he has retired, the creator and former technical coordinator of the 
BMR, José Augusto Perrotta, continues to work on the project. “I took  retirement 
as a protest, but I would never abandon the project and the ideals that Brazil 
needs in the nuclear area. I’ve always kept working,” he says.

According to him, the implementation of a major project like the BMR must 
be based on three pillars: the first is sustainability and financial resources; the 
second, is what he calls HR, that is human resources. “You can’t do anything with-
out human resources. In recent years, Brazil has suffered, and not just in the nu-
clear area, a complete brain drain within the working  groups. IPEN, which once 
had 1600 employees, now has just 500, of which half, or more, could retire,” he 
decries. The third pillar is management. “There’s no point in having money and 
human resources if there’s no proper organisation to build, operate and maintain 
a system the size of the BMR,” he states.

One of the difficulties, Perrotta points out, is that the activities within the 
nuclear area are conditional on the release of funding from the Treasury. He cites 
IPEN as an example, which supplies radioisotopes to more than 400 clinics but 
receives no payment, since the funds generated by the activity go into the gov-
ernment’s single pot. “The institution has no control over the whole process, as 
its budget is often restricted. There’s no money to increase production or carry 
out investments.”

According to Perrotta, the BMR project proposes a change in this situation, 
with the creation of an institution subordinate to the CNEN to independently 
manage the enterprise. “The law that created CNEN allows for the creation of a 
public company that is not dependent on the government, which is able to inde-
pendently manage the resources generated and has flexibility in hiring human 
resources,” he explains.

The BMR’s feasibility study shows that, the financial resources generated from 
the production of radioisotopes (just one of the multipurpose functions), could 
cover the cost of the operation and, what’s more, generate additional resources 
for investment and hence, continuous growth. “As well as brilliantly serving so-
ciety through its products, the investment will mobilise technological develop-
ment. It will be a virtuous, winning circle,” says Perrotta. 

Partnership
Brazil-Argentina

The BMR’s nuclear sys-
tems were designed by In-
vap, an Argentinian company 
whose portfolio includes 
projects for the Open-Pool 
Australian light water resear-
ch reactor (OPAL), inaugura-
ted in 2007, and the RA10 Ar-
gentinian reactor, the BMR’s 
“twin”, which will be ready 
next year. Invap’s participa-
tion stems from an agree-
ment between CNEN and 
its Argentinian counterpart, 
the National Atomic Energy 
Commission (CNEA), within 
the framework of the Bina-
tional Nuclear Energy Com-
mission.

Amazônia Azul Tecnologia 
de Defesa (Amazul), a Brazi-
lian engineering company, 
also took part in the project, 
through a previous funding 
agreement with FINEP, whe-
re it carried  out the critical 
analysis and developed con-
ventional systems projects.

The BMR team is interested 
in resuming its partnership 
with Argentina through a new 
co-operation agreement fo-
cussed on the detailing pha-
se of the radioisotope plant. 
“We’re going to take advan-
tage of the knowledge that 
both sides have. For example, 
Brazil has mastered several 
phases of the fuel cycle and is 
able to produce the low-enri-
ched fuel that will be used in 
these reactors. Brazil can ma-
nufacture  uranium targets to 
produce molybdenum. And 
Argentina has the technology 
to dissolve the targets to pro-
duce molybdenum,” explains 
Patrícia Pagetti.
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Energy

Nuclear and renewables:  
Partners in decarbonisation

Leonam dos Santos Guimarães*

tal and social externalities are highly site-specific and there-
fore the results vary widely, even within a given country, ac-
cording to geographical location.

For decades, analysts have proposed an approach that 
tries to integrate some of the main cost variables of genera-
tion technologies. It is called the Levelised Cost of Electricity 
(LCOE), taking into account the internal costs, including Ca-
pex and Opex, up to when a new power station is connect-
ed to the grid [2]. Analysing the LCOE [3] provides evidence 
for three main points:

• Despite the recent high-cost projects in Western 
countries, most new nuclear stations have a lev-
elised cost of electricity (LCOE) comparable to any 
other generation source, including most VRE.

• The LCOE for VRE does not take into account the 
grid costs that consumers are obliged to pay, such 
as expansion of the grid to accommodate genera-
tion that is distant from centres of consumption, 
low balancing of predictability of VRE and control of 
frequency and backup and/or storage of electricity 
to compensate for this variability.

• The LCOE analysis does not include environmen-
tal and social externalities, such as waste disposal, 
air pollution and the greenhouse effect, material 
resources and land use; by excluding marginal ex-
ternalities, the LCOE contradicts the main point for 
considering clean energy technologies, which is the 
impact of these very externalities.

Using LCOE to compare generation costs has become 
widespread practice. However, this approach, associated 
with different generation technologies or any other mea-
sure of total life-cycle production costs per MWh supplied, 
does not take into account the different costs of the sys-
tem, effectively treating every MWh generated, regardless 
of source, as a homogeneous product, that is a commodity, 
governed by a single price.

The criticism is technical and the fundamental objection 
is that cost does not measure value. Electricity generation 
takes place at different times and in different places, with 
different values at each time and at  each place. It would be 
like saying that a car costs much more than a bicycle, so we 
should all buy bicycles. However, this disregards the fact that 

Comparing the costs of different technologies 
for generating electricity has become one of the 
main arguments used by advocates of specific 

sources of energy as well as by those seeking to 
find the best approach for planning the expansion 
of electricity grids. However, this approach, taken 
in isolation, for formulating public energy policies, 
is far from simple and can lead to undesired and 

unexpected results.

How much does it cost? It seems like a simple question. 
However, when it comes to competing technologies for 
generating electricity, it is an extremely challenging ques-
tion. Generation costs include many variables: capital, fuel, 
location, waste disposal, environmental impact, intercon-
nection, reliability, intermittency and other external and 
systemic costs. No two technologies are the same.

System costs are generally divided into four broad cat-
egories, defined as follows: profile costs (also called opera-
tional or backup costs), balancing costs, grid costs and con-
nection costs [1].

• Profile costs refer to the increase in the generation 
cost of the electricity grid as a whole in response to 
the variation in the production of Variable Renew-
able Energy (VRE).

• Balancing costs refer to the increasing require-
ments to guarantee the stability of the grid due to 
uncertainty in power generation (unforeseen inter-
ruptions at power stations or forecast generation 
errors).

• Grid costs reflect the increase in transmission and 
distribution costs due to the distributed nature and 
isolated location of VRE generation plants.

• Connection costs consist of the cost of connecting 
a power station to the nearest connection point on 
the grid.

External costs are based on the sum of three compo-
nents: costs due to losses caused by climate change associ-
ated with greenhouse gas emissions (CO2 and others); cost 
of damages (such as impacts on health, agriculture, etc.) 
associated with other air pollutants (NOx, SO2, NMVOCs, 
PM10, NH3) and other non-environmental social costs for 
non-fossil electricity generating technologies. Environmen-
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A cost-effective low-carbon system
• considerable portion of VRE;
• considerable portion of dispatchable zero-carbon technologies, such as nuclear power 

and hydropower with large reservoirs;
• additional amount of gas capacity for further flexibility, along with storage;
• management of the demand side and interconnections;
The Brazilian system seems to be heading in this direction, already possessing some of these 

attributes.

a car and a bicycle are each providing 
services of a different nature.

Analysing the NEA study on the 
costs of decarbonisation [1], COSTES [4] 
gives us some powerful insights

• Setting a price for carbon as an 
external cost seems obvious: 
US$ 35 per tonne of CO2 emit-
ted is considered sufficient to 
eradicate it from all scenarios. 
That’s not so far off the US$ 20 
already considered by some 
countries. The sooner this is 
achieved, the better, because 
everyone agrees that there is 
an urgent need to decarbonise 
the energy system.

• Ideally, policies should be de-
veloped to ensure that grid 
costs are well analysed and 
allocated to the source that 
generates them. The concept 
of “Equivalent Firm Energy” [5] 
has been proposed, accord-
ing to which any VRE source 
must guarantee its produc-
tion with some storage for 

which it would be responsible. In any grid, this would be very difficult 
to implement.

• The adaption of most existing electricity markets is questionable. The 
order of merit may have been justified in the past, when all sources had 
comparable LCOE and were fully exposed to the market. Today, electric-
ity markets produce situations where prices are zero and there are no 
further economic signs consistent with an increasing share of VRE.

• In a market where any form of electricity generation is treated on its own 
merits, without subsidies or priority rights, there will be a need for new 
regulations that are clear. With a high share of VRE, existing markets will 
be very volatile and will present high risks for any long-term investment 
and financing. How can policies be designed to attract investment in this 
situation?

• There is clear evidence that, apart from hydropower with large reservoirs, 
nuclear is the only dispatchable, low-carbon technology and it is essen-
tial, together with VRE, to achieving a decarbonised electricity system. 
The cost-benefit ratio for the consumer leads to a balanced grid, in which 
the value of nuclear energy and of the VRE itself is not destroyed by the 
excessive participation of the latter. Instead of developing public policies 
that set targets for VRE participation, which will require capacity, flex-
ibility and grid infrastructure, would it not be preferable to set carbon 
generation targets first and then identify which electricity system would 
provide the best cost-benefit ratio?

Considering the facts about the types of technology; their costs, including 
external and grid costs; public acceptance and assessing the potential for higher 
electricity prices, policymakers could create the market conditions and rules to 
find a suitable way forward.
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Considering the facts about the types of technology; 
their costs, including external and grid costs; public ac-
ceptance and assessing the potential for higher electricity 
prices, policymakers could create the market conditions 
and rules to find a suitable way forward.

However, there are other important aspects for decision-
makers to take into account:

• to accommodate a high share of VRE, the grid 
must develop not only transmission and distribu-
tion networks, but also incorporate new technolo-
gies that do not yet exist in order to accommodate 
the fluctuations that VRE generation entails; these 
costs can be taken into account, but what about 
the risks associated with these future technolo-
gies? And what about the reliability of this grid 
and its resilience?

• the use of material resources to generate electric-
ity is a question that has not been sufficiently ana-
lysed; it is a question of energy and power density 
[6]; in essence, VRE has, in most areas, a limited 
load factor: to achieve the same generation in 
GWh, VRE needs to have about three times more 
capacity than any dispatchable source and would 
require a lot of storage capacity with a limited 
load factor; low energy density VRE implies more 
building materials (for example, cement, concrete, 
steel) and greater land use for a given amount of 
energy generated in the life cycle. Which policy 
would provide the most efficient way of using the 
planet’s resources?

A cost-effective, low-carbon grid would probably  con-
sist of a significant share of VRE, at least, an equally signifi-
cant share of dispatchable, zero-carbon technologies such 
as nuclear power and hydropower with large reservoirs. A 
complementary amount of gas-fired capacity would pro-
vide additional flexibility, along with storage, demand-side 
management and expansion of interconnections. Brazil’s 
grid seems to be heading in this direction, and already has 
some of these characteristics.

Nuclear energy will play a fundamental role in the diver-
sification strategies of the energy transitions so that coun-
tries achieve the decarbonisation of their electrical grids, 
bringing benefits and continuing to be an economically 
viable option. It produces huge amounts of dispatchable, 
low-carbon electricity but in many countries there continue 
to be doubts over its acceptability to the general public. The 
costs of  generating VRE have fallen dramatically, but the 
overall costs of VRE to the grid are not fully accounted for 
because production is aggregated over a limited number 
of hours.

Electricity markets are evolving and nuclear energy is 
following suit, as for example, in the case of small modular 
reactors (SMRs), with many promising projects.

Nuclear power is a reliable partner for VRE in a collabora-
tive model. Technical complementarity can be achieved by 
developing greater flexibility in the operation of the reactor, 
in order to minimise VRE’s variable energy output. Systemic 
complementarity could be achieved through innovative 
technologies. Strategic complementarity in order to create 
a decarbonised energy mix should not be forgotten.

*ENBPar adviser and ABDAN technical director
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Nuclear sites and the expansion
of nuclear energy in Brazil 

Carlos Henrique da Costa Mariz*

Energy policy

In 2009 and 2010, Eletronuclear coordinated the selection of 
nuclear sites in Brazil, at a time when the National Energy Plan (PNE 

2030, acronym in Portuguese) signalled the need to build new nuclear 
power plants in the country. Initially, two power plants in the Northeast 

Region, followed by two in the Southeast Region, were due to come 
on stream in the first half of the 2020s. 

Coppe/UFRJ and international consultant Paul Rizzo were involved in this 
selection process, along with the Energy Research Company (EPE, acronym in 
Portuguese) a state-owned company under the Ministry of Mines and Energy 
(MME). The study culminated, initially, in choosing areas in the Northeast and 
Southeast and, subsequently, in 40 candidate areas, spread throughout the 
country, for the construction of nuclear power plants.

The process was underpinned by the US-based, Electric Power Research In-
stitute’s (EPRI) concepts and criteria, that were specifically developed for the 
selection of nuclear sites, in accordance with a proven, successful, methodol-
ogy and which appear in the EPRI Site Guide.

At that time, two sites stood out: the Itacuruba site in the state of Pernam-
buco, which Paul Rizzo considered to be an excellent nuclear site; and the site 
located in the municipality of São Romão, in the state of Minas Gerais.

During the same period, Paul Rizzo also carried out studies related to the nucle-
ar site in the United Arab Emirates, where the Barakah nuclear power plants stands 
today, with four APR-1400 nuclear reactors totalling 5,600 MW, the construction of 
which was the responsibility of a consortium led by the Korea   Electric Power Corp 
(KEPCO) from South Korea. Construction was carried out  sequentially, i.e. one reac-
tor plant followed by another, without interruption, and is a notable success story 
within the nuclear sector, as it was completed on time and within budget. This 
was a pioneering experience by the United Arab Emirates, the success of which 
was partly due to this sequential construction method, following the example of 
France, which adopted it and continues to use it, having built 58 nuclear power 
plants: of which 40 were built in 10 years. Also the new Chinese programme plans 
to build 150 new nuclear power plants  within 15 years.

What has Brazil lacked, or is lacking, that prevents it from making progress in de-
veloping its nuclear programme? Why are we so slow? The programme to construct 
renewables and the transmission lines are insufficient, and Brazil is heading towards 
high electricity prices and energy insecurity just when it needs to grow in order to 
develop. We have a very low per capita consumption of electricity at 2,500 kWh per 
inhabitant per year. We urgently need big investments in the generation of large 
blocks of electricity to get out of this appalling situation, which places us in an abys-
mal position in world rankings: seventy-fifth in the HDI - Human Development Index.

Electricity generated by nuclear energy offers a high-capacity factor that is inde-
pendent of the climate and does not pollute the atmosphere. It is an essential alter-
native for our country’s development, both in terms of guaranteeing energy secu-
rity and from an industrial, technological, educational and regional socio-economic 
growth point of view. In addition, we have large uranium deposits and we master the 
entire nuclear fuel production cycle. 

We need to quickly adopt new paradigms based on the successful experience 
of countries that have proven that standardising and building in sequence, follow-

ing a construction programme at  pre-
defined sites, is the proven basis for 
success in the construction of new 
nuclear power plants.

The recent National Energy Plan 
2050 (PNE 2050) signals the expan-
sion of a further 10,000 MW in new 
nuclear power stations  over the next 
27 years. Achieving this goal means 
putting into practice this new para-
digm by building 10 new nuclear 
power stations, each with a capacity 
of 1,000 MW, during this period. Time 
is short. Therefore, it is urgent to get 
approval for the new nuclear sites, 
which have already been studied, and 
start the construction process, adopt-
ing the new ways of building plants 
at low cost and within the pre-estab-
lished deadlines.

Nuclear energy will be a great vec-
tor for getting Brazil back on the path 
to growth: something we all want. We 
need to take part in the new cycle 
of global expansion. We also need a 
major campaign to inform the popu-
lation of the huge safety measures, 
offered by modern technology and 
which are employed in nuclear power 
stations, as well as, all of its benefits. It 
must be made clear to the population, 
using effective means of communica-
tion, that nuclear power plants are 
safe and offer enormous benefits, in-
cluding the contribution they make 
to combating global warming and 
reducing air  pollution.

Brazil, with more than 203 million 
inhabitants, is in the grim position of 
being ranked ninetieth in the world in 
terms of GDP per capita, which makes 
it even more urgent for the country’s 
decision-makers to take the decisions 
to actually bring about Brazil’s new 
and necessary nuclear programme.

*President of the Brazilian Nuclear Energy As-
sociation (ABEN) for the 2021-2022 biennium.
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CENTENA –  
A centre of security and  

sustainability for Brazil
Clédola Cássia Oliveira de Tello*

In the current scenario, sustainability is an  es-
sential component of industrial development. The 
nuclear sector has a firm commitment to the prin-
ciples of sustainability and the Sustainable Devel-

opment Goals (SDGs), collaborating to achieve the 
targets set for 2030.

Brazil’s energy matrix embraces measures against cli-
mate change through two nuclear power plants that are in 
operation, Angra 1 and Angra 2, and one under construc-
tion, Angra 3, which collectively make up the Almirante 
Álvaro Alberto Nuclear Power Plant in the municipality of 
Angra dos Reis, in the state of Rio de Janeiro. To contribute 
towards the other SDGs, Brazil has more than 2,500 facilities 
working across various areas such as medicine, industry, the 
environment, agriculture, etc.

In these activities, as in so many others, waste may be 
generated. The difference between other sectors and nucle-
ar power is that, in the latter, waste is managed right from 
its source, with initiatives to prevent and minimise its gen-
eration, protect workers, the public and the environment.

Currently, waste is stored in initial deposits, located at 
the plants where it is generated, or in intermediate depos-

EnvironmentSUM

its. These facilities are totally safe but they are licensed for 
storage for a limited period of time. The CENTENA Project 
will operate at the end of the useful life  of radioisotopes 
and material used in all the applications of nuclear energy, 
contributing to the sustainability of the sector.

The aim of the project is to build, license and operate 
the Nuclear and Environmental Technological Centre (CEN-
TENA), whose main function will be to store low and me-
dium level radioactive waste produced through the use of 
nuclear energy in Brazil. It will also carry out RD&I activities, 
not only for the treatment of radioactive waste, but also 
for other types of waste, such as chemical or mining waste, 
which may contain natural radionuclides.

CENTENA will be the first repository built, licensed and 
put into operation in Brazil for the disposal of low- and 
medium-level radioactive waste. Its concept is similar to 
other successful centres in Europe, specifically in Spain 
and France.

Challenges

Over the last decade, the CENTENA Project has faced 
many different challenges, including technical, political, fi-
nancial, legal and social.

Destination of the 
waste generated: 
CENTENA

Isotopic 
techniques in 
agriculture

Aquifer 
quality 
control using 
isotopic 
techniques

Low-
emission 
electricity 
generation

Nuclear 
medicine

Process 
control using 
nuclear 
techniques

Pest control 
using 
nuclear 
techniques

nuclear power 
plants  with 
zero emissions
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Project stages associated with licensing

Site 
Selection 
Process

Nuclear 
Licensing

  Nuclear 
Licensing

Nuclear
Licensing

Start of 
Operation

Environmental 
Licensing

Environmental 
Licensing

Environmental 
Licensing

• Site 
characterisation

• Preparation 
of PSAR • Construction

• EIA
• Site Report

• Environmental 
documentation

• Projects

• Additional 
documentation

• Drafting the FSAR
• Procedures

Current 
phase

SUM

Technical Challenges

When the project began, there were few licensed repositories worldwide 
for low and medium-level radioactive waste. In Brazil, there was the Abadia de 
Goiás repository, built to house the waste from the radiological accident that 
occurred in Goiânia in 1987. However, this repository was built for a single  ra-
dionuclide and for a constant volume. CENTENA is planned to store all the low- 
and medium-level radioactive waste. It is a facility comprising of the disposal 
area and all the necessary infrastructure to guarantee the safety of people and 
the environment. Installations have also been provided for RD&I activities re-
lated to the performance of the multiple barriers and the very waste manage-
ment activity itself.

The success of the project depends on a multidisciplinary team, coming  
together to work at the various stages, such as site selection, concept, basic 
and executive designs, construction and commissioning. In this sense, the chal-
lenge is to have sufficiently skilled human resources capable of meeting the 
technical and licensing requirements. A training programme is being devel-
oped for professionals with this profile. In the meantime, technical staff from 
the Nuclear Technology Development Centre (CDTN, acronym in Portuguese) 
and other institutes, as well as undergraduate and postgraduate students, are 
the project’s main strength in terms of HR, which also has the support of other 
educational institutions.

Political Challenges

Since the start of the CENTENA Project (formerly known as RBMN), there 
have been five changes in the Presidency of the Republic, fifteen changes in 
the direction of the Ministry of Science and Technology and five changes in 
the direction of the National Nuclear Energy Commission (CNEN). All of these 
changes had internal repercussions and negatively affected the project. How-
ever, in July 2018 an inter-ministerial working group - GT-8 - was set up to work 
on resolving the project’s issues. The most important result of this working 
group was to position CENTENA as a “project of the Brazilian state” and to be 

recognised as strategic for the nucle-
ar area. 

Financial Challenges

According to the International 
Atomic Energy Agency (IAEA), “the 
majority of low- and medium-level 
radioactive waste disposal facilities 
are surface or near-surface facilities. 
The disposal of this type of waste and 
very low-level waste in countries with 
relatively low generation is a chal-
lenge due to the relatively high ini-
tial fixed cost of designing, licensing 
and building a repository.” Brazil has a 
nuclear programme that ranges from 
uranium mining to nuclear power 
plants, as well as various applications 
that use nuclear technology.

In comparison, the estimated 
budget for the project, around R$ 130 
million, is relatively low. This amount 
is being analysed within the Ministry 
of Science, Technology and Innova-
tion (MCTI) in order to identify the 
sources of funding available, as well 
as entering into partnerships, either 
with other state institutions, at a fed-
eral level, that work in the nuclear 
sector, or through potential partner-
ships with the private sector.
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Social Challenges

“Public acceptance of spent fuel and radioactive waste 
management remains a challenge in most countries. This is 
especially true for disposal facilities and has had a negative 
impact on the progress of programmes,” as stated by the 
IAEA. However, countries such as Finland, France and Swe-
den have successfully overcome these challenges.

This is a challenge that the project is working on, as it was 
found that, even in scientific circles, there is a great lack of 
knowledge about the nuclear area, and information on the 
subject for the general public is very diffuse. In most coun-
tries, this was the biggest challenge. An agency specialising 
in public communication, together with the project coordi-
nator, drew up a Preliminary Stakeholder Communication 
Plan and produced publicity materials to explain to various 
audiences the nuclear area and CENTENA.

In addition, this project has some aspects that are unique 
to the Brazilian context, especially with regard to the time 
between its construction and the end of institutional use. 
This is a period of approximately 360 years, when the area 
will be released for unrestricted use. This means that the Re-
pository must be safe for more than three hundred years, 
which is more than half of Brazil’s entire history. This aspect 
is very new in the Brazilian social context, bringing a new 
dimension to public acceptance.

Commitment to future generations is one of the basic 
principles of sustainability and also of management CEN-
TENA fulfils its commitment to future generations by giv-
ing visibility to how much radioactive waste is generated 

Further information, videos and interviews are available (in Portuguese) on CENTENA’s website:  
https://www.gov.br/cdtn/pt-br/projetos-especiais/centena

SUM

Atoms

INAC 2024 will be
held in Rio

and how it is treated and stored of radioactive waste. In this 
sense, CENTENA fully fulfils this commitment, as it will give 
visibility to how much radioactive waste is generated and 
how it is treated and stored, allowing these generations to 
opt for the continued use of nuclear energy. The challenge 
is to manage the information and knowledge generated 
during CENTENA’s implementation and operation.

In conclusion, the implementation of CENTENA is a mile-
stone of transcendent importance for the consolidation of 
the Brazilian nuclear industry. International experience 
shows that the final storage of waste brings a positive im-
age to the use of nuclear energy and that the better and 
more transparent its design, construction, operation and 
monitoring are in the long term, the safer and more con-
fident the public feels about the various ways in which this 
energy can be used, whether in electricity generation, or in 
healthcare, or in industrial processes and other uses.

*CNEN technologist and CENTENA coordinator

The next edition of the International Nuclear Atlantic Conference (INAC), the traditional nuclear energy event in the Sou-
thern Hemisphere, will take place at the Naval War College (EGN) in the city of Rio de Janeiro, from 7 to 10 May 2024, with the 
theme “Nuclear Energy: Ensuring Energy, Health and Food”.

Promoted by the Brazilian Association of Nuclear Energy (ABEN), the conference, which is in its 11th edition, will bring toge-
ther the XXIII Meeting on Reactor Physics and Thermohydraulics (ENFIR), the XVI Meeting on Nuclear Applications (ENAN), the 
VIII Meeting of the Nuclear Industry (ENIN), the X Junior Poster Technical Sessions (poster session for undergraduate students) 
and the XI ExpoINAC. During INAC 2024, the winners of the 3rd edition of ABEN’s Nuclear Ambassadors Project will also be 
announced.

CENTENA fulfils its 
commitment to future 

generations by giving visibility 
to how much radioactive 

waste is generated and how 
it is treated and stored
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Framatome is a major international leader in 
the nuclear energy market recognized for its 
innovative solutions and value-added technologies 
for designing, building, maintaining, and advancing 
the global nuclear fleet. The company designs, 
manufactures, and installs components, and fuel 
and instrumentation and control systems for 
nuclear power plants and offers a full range of 
reactor services.
 
With 15,000 employees worldwide, every day 
Framatome’s expertise helps its customers 
improve the safety and performance of their 
nuclear plants and achieve their economic and 
societal goals. 

www.framatome.com

To discover more, visit us at 
www.framatome.com/solutions-portfolio 

The examination of nozzle and RPV welds is usually 
on the critical path during a power plant’s outage. 
Tight and multi-tasking outage schedule requires 
from RPV in-service inspection (ISI) team application 
of a lightweight and portable system which can be 
set up, maneuvred and removed quickly to enable 
shortest possible vessel occupation.

For more information about Framatome’s inspection 
solutions, visit us at:

Reactor Pressure Vessel Nozzles NDE at 
Nuclear Power Plants with reliable, precise 
and portable underwater manipulator
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