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1. Introduction 

In Latin America, the use of nuclear energy has 

been limited to industrial and research purposes in 

several countries. This region is considered to have 

the cleanest energetic matrix worldwide. The five 

main economies produce 80% of the energy within 

this region. However, the numbers change when 

Brazil is excluded from the scene, due to the fact 

that Latin America produces 52.4% of renewable 

energies, and without the presence of this country 

the percentage drops to 38.2%. With Brazil, the 

group of countries bases 45.5% of their production 

of energy on fossil fuels, but without Brazil the 

percentage rises to 60%. Specifically, nuclear 

energy constitutes 2.1% of the total production of 

energy in the region, and without Brazil the 

percentage drops to only 1.8% [1]. Only 

Argentina, Mexico and Brazil have nuclear 

reactors. In Argentina there are three active 

nuclear reactors (ATUCHA 1, ATUCHA 2 and 

EMBALSE), one under construction phase 

(CAREM 25) and one in phase of negotiations 

(ATUCHA 3), which gives this country the status 

of being in process of expanding its operations in 

these nuclear reactors. Brazil counts with two 

active reactors (ANGRA 1 and ANGRA 2) while a 

third reactor (ANGRA 3) is under construction 

phase. With the recent changes in administration, 

Brazil in particular is undergoing plans to build, if 

possible, up to eight new reactors. Mexico instead, 

counts with two active reactors (CENTRAL 1 and 

CENTRAL 2 in Laguna Verde Nuclear Plant) 

located in the same nuclear plant. Currently, this 

country does not have further plans to expand 

operations by building new reactors. Argentina 

and Brazil are considering the expansion of their 

power reactors as nuclear energy is seen as an 

alternative to the production and use of other non-

renewable energy sources that are highly 

contaminant. Recently, Bolivia began a project 

with the assistance of Russia to build a nuclear 

reactor for research purposes which would be 

complete during the second half of 2019. Russia 

will be in charge of providing the nuclear fuel and 
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building the nuclear plant [2]. In the other Latin 

American countries who are members of the 

Regional Cooperation Agreement for the 

Promotion of Nuclear Science and Technology in 

Latin America and the Caribbean, the use of 

nuclear energy is extensive, covering areas like 

human health, energy, food security, environment, 

industry and radiological security. [3] 

Diverse risks exist with the use of nuclear energy, 

especially when nuclear plants are built and 

maintained. One of the problems arising from the 

handling of nuclear waste is the need to isolate 

them within deep geological repositories which 

pose great economic costs and further 

environmental problems on the long run, as these 

wastes take millions of years to degrade. [4] Some 

of the major risks of nuclear reactor management 

include serious inherent safety flaws, accidents in 

light-water reactors that could lead to very serious 

radioactive releases affecting millions; high costs 

of new reactor lines creating uncertain outcomes, 

safety problems arising from extending the 

lifetime of reactors, pressures from markets that 

promote practices that accelerate ageing and 

decrease safety margins, and possibility of active 

cooling failing [5].  Even if nuclear waste and the 

management of nuclear reactors is the adequate, 

following strict rules and protocols, certain 

phenomena associated to climate change and 

movement of tectonic plates can cause damages to 

the nuclear centrals. Extreme events that cause 

floods and draughts can affect diverse functioning 

mechanisms in reactors, increasing the potential 

for accidents [5]. 

Indirect effects stemming from the production and 

use of nuclear energy include pollution and 

degradation of the environment associated to 

mining activity to extract uranium. Plutonium, on 

the other hand, is produced artificially by nuclear 

fission processes. The cost of producing electricity 

by the means of nuclear energy is the most 

expensive and is considered unsustainable. [6] 

Morales [7] mentions that globally there have been 

ten major accidents in nuclear reactors in five 

countries for multiple reasons. Five of these 

incidents took place in Japan, between 1997 and 

2011. The other accidents took place in the United 

Kingdom (1957), Soviet Union (1958), United 

States (1979), Ukraine (1986), and France (1999). 

Sato and Lyamzina [8] also point out to an 

accident in the facility RA-2 in Argentina in 1983 

and another one in Brazil in 1987. Of these 

accidents, three have caused major environmental 

devastations and severe health problems. 

Moreover, Morales [7] details that the first two 

accidents that occurred in the United States and 

Ukraine were mainly caused by human errors, both 

in the design of the reactors and errors during the 

handling of the equipment. In the case of Japan, 

particularly in Fukushima, the disaster was caused 

by a 9.0 magnitude earthquake followed by a 

tsunami. The impact of the tsunami was the cause 

of the failures, being that the water touched the 

seawater pumps and reached the 10 m ground 

level, flooding the buildings and dampening the 

motors and the electrical equipment. [8] The end 

result is ecological damage, elevated costs from 

residual isolation, soil and water pollution, 

uninhabitable areas, health damage including 

psychological damage [9].  

It is of utmost importance to evaluate on the long 

and medium run the advantages and disadvantages 

of the uses of nuclear energy for industrial 

purposes. The use of nuclear energy for war 

purposes must be avoided at all costs. Latin 

American countries do not want to be left behind 

in their own sustainable development goals. 

However, these countries will face the challenges 

of climate change and all the risks that it entails, 

including the elevated costs that arise as 

consequence of the effect of atypical natural 

disasters. The costs of flaws in the design of 

nuclear reactors, inadequate management of 

equipment and external factors that damage the 

functioning of reactors can be too elevated in 

terms of human health and the environmental 

impacts. 

For such reasons mentioned above, within the 

context of the achievement of the Development 

Millennium Goals, it is of special concern the 

supply, availability, and economic and 

environmental acceptance of energy. Given the 

limited availability of oil-based sources, other 

sources of energy, including nuclear energy make 

up the spectrum of choices for each country. [10] 
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2. Development and limited uses of nuclear 

energy in Latin America 

During the decade of the 50’s, after the events that 

took place in Hiroshima and Nagasaki during the 

World War II, several countries gathered to 

prevent the proliferation of nuclear weapons, 

create alliances and regulate the uses of nuclear 

energy for industrial, medical and research 

purposes. 

After the introduction of the program Atoms for 

Peace in 1953, the International Atomic Energy 

Agency (IAEA) is founded in 1957, as a means for 

the United States to be able to exert greater control 

over the ways in which the rest of the countries 

would use nuclear energy [11]. United States in 

particular promotes the uses of nuclear energy in 

the Latin American region with the limitation that 

forbids the uses for war purposes. Since then, 

Brazil headed the nuclear energy industry, 

followed by Argentina and then Mexico, being that 

they are the only countries within the region that 

are capable of obtaining technologies to build 

nuclear reactors. Even when other countries did 

not have, and still do not have nuclear reactors, 

they joined these series of treaties. One of these 

treaties is the Non-Proliferation Treaty, created in 

1968 in which most countries worldwide joined, 

including the Latin American countries. 

Brazil and Germany signed an agreement in 1975 

that stated that, with the support of the latter, a 

nuclear plant could be built, however, due to 

pressures with the United States, the Germans did 

not build the plant as was originally agreed. 

Finally, Brazil obtains the plant ANGRA1 from 

Westinghouse and planned to obtain eight 

additional reactors, but these plans were not 

carried out [12]. Subsequently, the agreement 

between Germany and Brazil allowed for the 

reactor ANGRA2 to be built and for the first 

planning stages for the construction of ANGRA3 

to take place [13]. 

Argentina creates in 1950 the National Atomic 

Energy Commission followed by the beginning of 

necessary studies in 1964 to build the first unit 

construction known as ATUCHA 1. Argentina and 

Germany sign an agreement for the construction of 

ATUCHA 1. In 1974, when ATUCHA1 began 

operations, the construction of EMBALSE was 

initiated and was connected to the grid in 1984. 

Meanwhile, the construction of ATUCHA2 began 

in 1981 but was completed in 2006 and connected 

to the grid in 2015. Finally, the first stages of 

design and construction for a low power nuclear 

power plant known as CAREM began [14]. 

The use of nuclear power to generate electricity in 

Mexico begins with the bidding for the 

construction of a nuclear plant with two reactors 

during the 1960’s. By 1976 the construction of 

Laguna Verde began and both reactors began 

operations in 1990 and 1995 respectively [15]. 

Following the guidelines of IAEA and Atoms for 

Peace, Colombia and Chile already worked with 

radioisotopes for medical and industrial purposes, 

even when they had not developed the 

technologies to build nuclear reactors, which 

allowed them to become members of this group of 

countries involved in these initiatives [11]. 

Another aspect that would be regulated was the 

creation of banks for the enrichment of uranium. 

United States, Russia, and countries of the 

European Union shaped the initiative.   Through 

these banks, the production and uses of enriched 

uranium are offered to countries who do not 

possess the capacity to produce it in limited 

amounts [16]. This particular group of countries 

became known as the Nuclear Suppliers Group, or 

London Club, meeting for the first time in 1975 

and officially created in 1978. Among the 

participant countries are Argentina and Brazil [17]. 

The management of nuclear energy in Argentina 

and Brazil has gone through a process of 

transformation. Since 1990, the energetic sector in 

Brazil was deregulated and privatized, reaching up 

to 80% of companies owned by the private sector 

by 2016 [13]. Meanwhile, in Argentina, a decline 

in the nuclear industry took place in the 80’s. In 

2003, when Nestor Kirchner became president, the 



 

Karla Elizabeth S. Millán Rivas, IJSRM Volume 7 Issue 4 April 2019 [www.ijsrm.in] EM-2019-1102 

nuclear industry proliferated once more and 

conformed an important strategy to diversify the 

energetic matrix. The nuclear capacity of 

Argentina culminated in this country being among 

the few worldwide to produce and export nuclear 

technologies [16]. Among the most recent 

proceedings, Argentina became a member of the 

Nuclear Energy Agency in 2017 [14]. 

In 1962, Brazil proposed that the Latin American 

region would become a nuclear-free zone, but such 

proposal was originally not supported. However, 

in 1964, the Mexican government created a 

Permanent Preparatory Commission for the 

Denuclearization of Latin America in order to 

persuade the other countries to join. Finally, in 

1967, most countries signed the Treaty for the 

Prohibition of Nuclear Weapons in Latin America 

and the Caribbean, also known as the Tlatelolco 

Treaty [11]. 

During the supervision processes and the 

incorporation of countries to these treaties and 

agreements, the guidelines to the uses of nuclear 

energy were established. Among these uses for 

medical purposes is the application of 

radioisotopes in the area of radiology and for 

research purposes in Latin America. 

It was foreseen that a nuclear plant would be built 

in Ecuador, however, factors like the accident in 

Fukushima, the more viable option to build 

hydroelectric plants and changes within the 

administration within the regulating institutions in 

charge of nuclear energy uses froze the project 

[18]. 

 

 

Figure 1. Distribution of nuclear reactors in Latin America 

and proportion of electricity produced from nuclear power. 

Source: self-elaborated using data from World Nuclear 

Association [19]. 

 

 

Figure 2. Proportions of energy sources in Brazil. Self-

elaborated using data from Nuclear Energy Net [20]. 
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Figure 3. Proportions of energy sources in Argentina. Self-

elaborated using data from Nuclear Energy Net [20]. 

 

Figure 4. Proportions of energy sources in Mexico. Self-

elaborated using data from Nuclear Energy Net [20]. 
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inhabitants of nearby areas where the reactors are 
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control console without the option of turning off 
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137

Cs in an 

abandoned radiotherapy unit out of curiosity 
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radiation from Cesium than what was aimed after 
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In Brazil and Argentina, mining of uranium has 

been practiced since the 60’s and 70’s. However, 

the environmental costs not only involve the 

typical contamination that stems from 

conventional mining activity, but also the high rate 

of gamma emission, radon gas released to the 

atmosphere, high concentration of radionuclides 

and probability of contamination of groundwater 

systems [21]. 

Climate change and natural disasters in Latin 

America 

Mexico’s policy regarding climate change includes 

the compromise to help reduce greenhouse gas 

emissions. Clean energy goals include bringing 

down carbon intensity of the economy by more 

than half and supporting the proliferation of 

renewable energies [15].  

Currently, the present administration is investing 

in thermoelectric plants and the strengthening of a 

deteriorated oil sector, but the expansion plans for 

the energetic sector does not contemplate 

investments in new reactors. In fact, the current 

president Andrés Manuel López Obrador rejected 

any form of investment in this sector [25]. 

One of the main risks associated to the location of 

Laguna Verde in Veracruz is the seismic activity 

present in that area, which extends to the coasts of 

the Gulf of México. Near the nuclear plant, small 

communities are located [26]. Sara et al. [27] 

present some examples of conspicuous seismic 

activity in the state of Veracruz, mostly in the 

central and southern portion of the state. Four of 

these events were of magnitude above 4 Mw. 

Another risk pertains the closeness of the nuclear 

plant to the Gulf of Mexico, where the coast is 

prone to be hit by hurricanes. With climate change, 

the magnitude of hurricanes hitting the coasts is 

more uncertain. Tovar et al. [28] illustrate the 

possible effects of climate change in an area of 

Veracruz near the coast that would be affected if 

the sea level rises as high as 5 meters. The 

economic and social losses of such scenario would 

have an important impact nationally. Even worse, 

if Laguna Verde would be considered within the 

possible scenarios of flooding and winds damaging 

the installations, the radiation would affect the 

ecosystems, the land designated for agricultural 

activities and other economic activities and the 

health of thousands of people. 

In Argentina, Atucha I is located at the bank of the 

Paraná river, which flows into the Atlantic Ocean, 

while a smaller nucleo-electric plant is located 

near Buenos Aires, almost at the edge of the coast. 

Climate variability in Argentina caused by climate 

change includes an increase in the frequency of 

extreme rainfall, rise in the water levels of rivers 

and increase in sea levels. These increases bring as 

consequence rises in the water level of the Paraná 

river, among others [29], which could represent a 

risk for the nuclear reactors. 

The current Brazilian administration plans to 

conclude the construction of the ANGRA 3 reactor 

and up to eight more reactors as stated in The 

National Energy Plan 2030 [30]. The future of 

Brazil in relationship to the protection of natural 

resources and investment in renewable energies 

seems dull, as Jair Bolsonaro has recently declared 

that environmental policy “suffocates” the 

economy, as his belief, and that of many of the 

members of his cabinet, is that economic 

development and environmental matters are 

opposing [31]. 

Brazil is not exempt of experiencing extreme 

weather events and other natural occurrences that 

can represent a risk in areas where nuclear reactors 

are located. Corrêa [32] states that, where Angra 3 

is being constructed, the land experiences massive 

landslides and frequent flooding on a regular basis, 

leading to power outages, sweeping away and 

burying buildings, bridges, roads and other 

infrastructure. In cases of emergency, evacuation 

of the plant and the population nearby would be 

hard to achieve. 

4. Conclusion 

Where nuclear reactors are located, no country is 

exempt from facing a diversity of risks, some 
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which can be caused by natural disasters. As the 

effects of climate change increase, such risks of 

accidents in nuclear reactors increase. Argentina, 

Brazil and Mexico have faced a series of incidents 

in their nuclear reactors and other installations 

where some form of nuclear material has been 

used. From such experiences and from the 

experiences of other countries that have faced 

major accidents, the current and future 

administrations must not turn away from precatory 

measures regarding the uses of nuclear energy. 

More so, in the case of Brazil, as the current 

administration has plans of heavy investments in 

several reactors during the coming years. 
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