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ABSTRACT
In August 2019, one of Brazil’s largest environmental disasters occurred as a result 
of a crude oil spill from an oil tanker between August 2019 and March 2020, reach-
ing the northeastern and southeastern coastal regions of the country, known as the 
Blue Amazon. Eleven states, 130 municipalities, and 1,009 localities were affected, 
in addition to 10 ecosystems, more than 57 protected areas, and 34 animal species. 
Despite the extreme circumstances, the disaster did not receive a timely response 
from the federal government, and this inaction led to more significant long-term 
consequences, such as the compromise of preservation areas and the temporary 
suspension of artisanal fishing, damaging the livelihoods of thousands of residents 
in the affected localities. The waste was mostly collected by volunteer citizens and 
reused for energy recovery in co-processing as an alternative fuel in cement kilns. 
Around 5,379.76 tons of waste were collected, most of which were sent to cement in-
dustries. It was found that a large amount of the collected oil was reused energetical-
ly as fuel in co-processing industries. The present article is a descriptive case report 
and aims to analyze and offer an overview of the energy reuse of oil collected after 
spills in co-processing activities. Primary data were obtained from official reports, 
while secondary data were acquired through a literature review. The results showed 
that reusing oil collected from spills in the cement industry was considered alterna-
tive for waste destination instead of disposal in landfills, and new destinations could 
be implemented by the official environmental organisms.

1.	 INTRODUCTION
In August 2019, the largest oil spill in Brazilian coast-

al history occurred. From August 2019 to March 2020, 11 
states, 130 municipalities, and 1,009 localities were affect-
ed by the oil spill (IBAMA, 2020a). The disaster caused 
extensive damage to marine biodiversity, affecting 10 eco-
systems, more than 57 protected areas, and 34 species 
(Soares et al., 2020). At the time, many artisanal fishermen 
suffered the impacts of crude oil contamination, in particu-
lar due to the suspension of fish and shellfish consumption 
in the Northeast region of Brazil (Pena et al., 2020). There 
was an immediate reduction in the sale and consumption 
of fish, severely affecting the main source of income and 
food for thousands of families, especially female shellfish 
gatherers (Silva et al., 2021). Furthermore, there was sig-
nificant damage to tourism activities, a major source of 
income for the affected coastal areas. 

Figure 1 shows the extent (700 km) of the Brazilian 
coastal area affected by the oil spill, reaching the north-
ern and northeastern areas, above and below the Equator 

due to the bifurcation of the Brazilian Current. This region 
is an oceanic frontier of the continent, belonging to an area 
known for its natural riches as the Blue Amazon.

According to the Brazilian Institute of Environment and 
Renewable Natural Resources (IBAMA, 2020b), the oil that 
reached the Brazilian coast in 2019 (Figure 2) presented 
high viscosity, high density, and low concentrations of 
volatile compounds due to the oil quality and weathering. 
Because of its characteristics, manual removal techniques 
(using shovels) were used. Visible monitoring sensors did 
not detect oil slicks, indicating that the oil was not drift-
ing on the sea surface but below the surface, and for this 
reason it was undetectable by remote observation systems 
(IBAMA, 2022a).

After the spill, much attention was dedicated to dis-
covering the source of the oil, which was later confirmed 
by Brazilian authorities to be of Venezuelan origin. Initially, 
most of the oil residue was collected by volunteer citizens 
without personal protective equipment (PPE) or any type of 
training. However, as the oil spill spread, there was greater 
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mobilization of state environmental agencies, city govern-
ments, and the Brazilian Navy.

According to Tassigny et al. (2024), risk communica-
tion in disasters involving marine pollution is essential 
to prevent further damage and reduce uncertainty – par-
ticularly standardized disclosure directed at communities 
surrounding the disaster, in addition to wide communica-
tion by the press directed at society. The people most ex-
posed to the oil were those who worked on coast cleanup 
activities and workers involved in artisanal fishing (Carmo 
and Teixeira, 2020). This accident stands out among oth-
er oil spills in Brazil due to its extent (over 700 km), and 
despite its proportions and environmental damage, there 
have been no measures of compensation for the damage 
caused by the pollution (Lawand et al., 2021).

A guidebook (IBAMA, 2022b) was published under the 
guidance of International Tanker Owners Pollution Feder-
ation with recommendations to the population regarding 

personal protective equipment use and with instructions 
for manual cleaning — which was the most appropriate 
method for collecting the oil in order to reduce environmen-
tal damage.

At the beginning, the Brazilian Navy (2020) indicated 
that the incident occurred gradually, with the first signs of 
oil not suggesting a situation of national significance, and 
in the absence of identification of the polluter, the Brazilian 
Petroleum Company (Petrobras) was asked to clean up the 
beaches due to its quantity of equipment and greater pres-
ence along the coast.

In this scenario, one of the biggest challenges was 
managing the large amount of waste generated by the 
spill. The solution found by the authorities was to send 
most of the oily waste for co-processing, where it would 
be reused as fuel in clinker-production kilns. The accident’s 
scale increased and 5,379.76 tons of waste were collected, 
raising concerns about its destination. Most of it was sent 

FIGURE 1: (a) Blue Amazon (blue area). Source: IBGE/Estadão; (b) Extent of the oil spill on the Brazilian coast (green area). Source: IBAMA, 
2020a.

FIGURE 2: (a) Oil spill in Pau Lagoon, in Coruripe (located at Alagoas State), in 2019. Source: MPF, 2025b; (b) Volunteers attempt to res-
cue young man trapped in the thick layer of oil at Itapuama Beach (located at Pernambuco State). Source: Leo Malafaia/Folha PE, 2019.
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to cement industries, while a smaller amount was sent to 
other final destinations, such as Class I landfills. The oil 
sent to cement factories was reused as an alternative fuel 
in co-processing activities. 

Considering the oil spill reached the Brazilian coast in 
2019–2020, this study aims to verify the destination of oil 
spilled in different Brazilian coastal regions, observing the 
energetically feasible use as a contribution to the improve-
ment of environmental protective action in the future. This 
work contributes to the dissemination of data on the ener-
gy recovery of oily waste in co-processing, as an alternative 
for waste disposal after the spill that occurred in Brazil in 
2019.

One of the biggest challenges during the elaboration of 
the study was obtaining data related to the destination of 
oil collected on the coast after the accident, because there 
was not wide dissemination at the time and most of the 
information was obtained through the Access to Informa-
tion Act (legislation for open information). Therefore, this 
study is highly relevant, since it aims, in the context of this 
accident, to reveal information regarding the amount and 
application of the oil collected on the coast, contributing 
to the improvement of the most effective actions in similar 
future situations. Among the main limitations found during 
the study, the following stand out: reliance on official data, 
the absence of independent environmental performance 
metrics, the lack of emission measurements, and the con-
straints of a short communication format.

2.	 METHOD 
This study a short communication presenting a de-

scriptive case report and is based mainly on official reports 
regarding the energy reuse of oil collected after spills in 
co-processing activities. The research is performed using 
scientific bibliographic sources and documents available 
related to the oil destination from the spill of 2019–2020 
that reached the Brazilian coast.

First, a survey was conducted on primary data with 
public information obtained directly from the authorities in-
volved in the oil spill that occurred in Brazil in 2019 — such 
as the amount and destination of the oil collected. The 
work proceeded with consultation of documents under the 
Access to Information Act (Brasil, 2011) and official web-
sites. Subsequently, secondary data relevant to the object 
of study were added based on the selection of scientific 
papers from bibliographic searches. Also, some comple-
mentary data were carefully added from news published in 
the more formal press.

3.	 RESULTS AND DISCUSSION
According to the Federal Public Prosecutor’s Office 

(MPF, 2025a), based on data from Chico Mendes Institute 
for Biodiversity Conservation, shown in Table 1, a total of 
13 federal conservation units, among others, were affected 
by the oil spill in 2019. Some of these reserves are extrac-
tive, meaning they are home to native communities that 
depend primarily on the ecosystem services provided by 
the environment.

IBAMA (2016) presents a National Emergency Action 
Plan for Wildlife Affected by Oil, which is responsible for 
assigning the members of a wildlife team to the spill site, 
with the objective of protecting and developing an appro-
priate response to wildlife affected by oil. Meanwhile, the 
National Contingency Plan sets out the responsibilities 
and guidelines whose competences and actions are as-
signed to each agency linked to the organizational struc-
ture in order to deal with oil accidents in waters under na-
tional jurisdiction. Such plans were used in dealing with 
the accident, the extent of which required a widely coordi-
nated action.

Around 5,379.76 tons of waste were collected, 30% 
of which was oil. In accordance with technical guidelines 
for waste management (IBAMA, 2020c), the oil collected 
along the coastline was stored in big bags. Table 2 shows 
the reported amount of waste collected by state in the are-
as affected by the oil spill. The states of Alagoas (2,564.58 
tons) and Pernambuco (1,676.26 tons) had the highest 
amounts of waste collected.

Furthermore, based on external access to IBAMA pub-
lic data, most of this waste was sent to licensed cement 
kilns for co-processing, as shown in Table 3, at the Voto-
rantim Cimentos facilities in Laranjeiras (located in Sergipe 
State) and Sobral (located in Ceará State), Mizu Cimentos 
(located in Baraúna, Rio Grande do Norte State), InterCe-
ment (located in Bahia State), and Cimenteira APODI (lo-
cated in Ceará State) for energy generation in their respec-
tive industries.

In some states, waste transportation and disposal 
were carried out by the state itself (through the state en-
vironmental agency or city halls), while in other locations 
PETROBRAS was responsible for transporting the waste 
to cement industries (Brazilian Navy, 2020). In 2019, Mizu 
Cimentos received approximately 60.3 tons of contaminat-
ed material collected from the beaches of Northeast Brazil 
(Mizu, 2025).

Location (State) Conservation Unit

Maranhão (MA)
Cururupu Extractive Reserve

Lençóis Maranhenses National Park

Piauí (PI) Delta do Parnaíba Environmental Protection Area

Ceará (CE)

Jericoacoara National Park

Batoque Extractive Reserve

Prainha do Canto Verde Extractive Reserve

Paraíba (PB)

Barra do Rio Mamanguape Environmental Protec-
tion Area

Manguezais da Foz do Mamanguape Area of 
Ecological Interest

Acaú-Goiana Extractive Reserve

Pernambuco (PE) Costa dos Corais Environmental Protection Area

Alagoas (AL)
Lagoa do Jequiá Extractive Reserve

Piaçabuçu Environmental Protection Area

Sergipe (SE) Santa Isabel Biological Reserve
Corumbau Marine Extractive Reserve

TABLE 1: Conservation units affected by the oil spill on the Brazil-
ian coast in 2019. Source: based on data from MPF (2025a).
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It is possible to verify that, even after all the challeng-
es related to storage and logistics costs, most of the oil 
collected (as shown in Figure 3) on beaches in Northeast-
ern Brazil was reused energetically as an alternative fuel in 
co-processing industries, instead of being disposed of in 
landfills without any prior treatment.

The growth in waste generation and its final dispos-
al are major challenges for Brazilian cities. According to 
estimates, more than 81.6 million tons of municipal solid 
waste (MSW) were generated in 2024 (ABREMA, 2025). In 
a scenario of significant final disposal rates, energy recov-
ery methods have emerged as an important and appropri-
ate environmental solution for final disposal. Federal Law 
No. 12,305 (BRASIL, 2010), established the National Solid 
Waste Policy, which implemented energy recovery from 

solid waste in the country; according to its legal criteria, 
disposal should be considered only after all possibilities for 
use, reuse, and treatment of waste have been exhausted.

Since then, waste has been considered material with 
potential for recovery and/or reuse. Although there are 
legal instruments aimed at waste recovery and reuse ac-
tivities, little progress has been made in the country. As a 
result, the reuse of oily waste collected after the 2019 spill 
in co-processing activities in cement industries has proven 
to be highly relevant, as it reuses a large amount of waste 
instead of simply disposing of it in landfills.

Although it is still unclear from an environmental per-
spective to quantify emissions, changes in carbon foot-
print, and the possible effects of replacing petroleum coke 
with pre-processed waste in co-processing, the technolo-

State Waste Collected by Petrobras 
(tons)

Waste Collected by Local Authorities 
(tons)

Total Amount Collected 
(tons)

Alagoas (AL) 16.09 2548.49 2,564.58

Bahia (BA) 95.03 364.46 459.49

Ceará (CE) 0.00 39.76 39.76

Espírito Santo (ES) 0.00 6.26 6.26

Maranhão (MA) 0.01 13.68 13.69

Paraíba (PB) 0.00 0.85 0.85

Pernambuco (PE) 29.84 1,646.42 1,676.26

Piauí (PI) 0.00 10.46 10.46

Rio de Janeiro (RJ) 0.00 0.00 0.00

Rio Grande do Norte (RN) 12.16 33.83 35.18

Sergipe (SE) 356.19 213.16 569.35

Offshore 1.00 2.88 3.88

TOTAL 510.32 4,880.25 5,379.76

TABLE 2: Amount of waste collected by state after the oil spill on the Brazilian coast in 2019. Source: based on data from IBAMA (2022).

State
Estimated Oil Col-
lected by Petrobras 
(tons)

Estimated Oil 
Collected by Local 
Agencies (tons)

Total Amount of 
Oil Collected 
(tons)

Temporary 
Storage Transportation Destination

Alagoas 16.09 2,548.49 2,564.58
Petrobras Waste 
Management Center 
in Carmópolis (SE)

Petrobras

Votorantim La-
ranjeiras (SE) and 
Mizu Cimentos in 
Baraúna (RN)

Bahia 95.03 364.46 459.49

Petrobras Waste 
Management Center 
in Carmópolis 
(SE); CETREL (in 
Camaçari)

State Cimenteira InterCe-
ment and CTR-Bahia

Ceará 0.00 39.76 39.76 - State Cimenteira APODI 
(CE)

Espírito Santo 0.00 6.26 6.26
São Luiz da Barra, 
Linhares and São 
Mateus - ES

State
Class I Landfill Site 
operated by Vitória 
Ambiental

Maranhão 0.01 13.68 13.69

IBAMA (MA), Tutóia, 
Port Authority in 
São Luiz, and Waste 
Management Center 
in Parnaíba (PI)

State and Petrobras

Class I Waste 
Management Center 
of Tiara and Voto-
rantim Cimentos in 
Sobral (CE)

Paraíba 0.00 0.85 0.85 Cabedelo State
Class I Metropolitan 
Landfill in João 
Pessoa

TABLE 3: Quantity and destination of oil collected on beaches in Northeast Brazil after the 2019 environmental disaster. Source: based 
on data from IBAMA (2022).
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gy for reusing oil waste to produce energy in cement in-
dustries was applied as an alternative final destination for 
waste after the oil spill.

Co-processing is an activity that reuses waste of high 
calorific value and biomass as alternative fuel in cement 
kilns. The process proposes the replacement, although 
partial, of fossil fuels (such as coal and petroleum coke) 
in clinker production kilns – the main raw material and re-
sponsible for CO2 emissions in cement production.

Co-processing is licensed in Brazil by the National Envi-
ronment Council under Resolution No. 499 (BRAZIL, 2020), 
with the following definition: “Co-processing of waste in 
clinker production kilns: environmentally appropriate final 
destination involving the processing of solid waste as a 
partial substitute for raw materials and/or fuel in the clink-
er production kiln system in cement manufacturing”.

The waste mixture is uniform in size and has a high 
calorific value — generally 18 megajoules per kilogram — 
recovered after collection, sorting, and treatment (BNDES, 
2014). It is estimated that in Brazil, alternative fuels ac-
count for 32% of thermal substitution in relation to tradi-
tional fossil fuels (such as coal and petroleum coke) in 
co-processing, with an annual processing of 3,258 million 
tons of waste in the country (ABCP, 2024).

A simple order-of-magnitude estimate of the potential 
energy recovery from the oily waste was performed using 
typical calorific values reported in the literature. Since, ap-
proximately 5,379.76 tons of waste were collected after the 
spill, of which about 30% corresponded to oil-contaminated 
material, it results in an estimated 1,614 tons of oily waste. 

Moil = 0.30×5379.76 t ≈ 1,614 t ​≈ 1.6×106 kg

where: Moil = mass of oily waste; 1t = 1000 kg
Also, assuming a typical lower heating value of 18 MJ 

kg-¹ for waste used in cement kiln co-processing, the theo-
retical energy recovery potential is approximately 2.9 × 107 
MJ, equivalent to about 29,000 GJ (≈ 8,05 GWh) of thermal 
energy. This simplified estimate illustrates the significant 
energetic potential of the recovered oily waste when used 
as an alternative fuel. 

E = Moil × LHV = 1.6×106 [kg]×18 [MJ] [kg−1] ≈ 2.9×107 MJ 
E ≈ 2.9×107 MJ ≈ 29,000 GJ ≈ 8,05 GWh

where: E = thermal energy; LHV = lower heating value
High calorific value waste can be used for co-process-

ing purposes due to the absence of harmful effects on 
emissions in an industrial facility, the clinker production 
process, and the final product quality (FRICKE et al., 2015). 
The residence time in the kilns is usually from 2 to 4 sec-
onds, during which the waste is completely destroyed. One 
of the biggest problems faced by the cement industry is the 
large amount of CO2 emissions related to the calcination of 
raw materials for clinker production, and therefore co-pro-
cessing has shown to be an alternative technological strat-
egy to reduce such emissions.

In this way, the reuse of oil collected on the Brazilian 
coast after the accident in co-processing activities, when 
possible, was a final destination solution found by the au-
thorities at the time, instead of disposal in landfills. Based 
on available official data, co-processing was the main des-
tination; however, a more in-depth assessment of environ-
mental performance is needed. 

Smoldering (slow combustion) is a flameless combus-
tion process that has been used to treat oily waste, which 
is used as fuel and has a heat source used to initiate the 
reaction, since the combustion is sustained by an air distri-
bution (Sabadell et al., 2018). However, it should be noted 
that the application of smoldering combustion is a relative-
ly recent technology for waste treatment (Yermán, 2016).

Regarding the political implications related to the 2019 
oil spill on the Brazilian coast, we can highlight that: emer-
gency waste management protocols should include pre-
defined industrial reuse pathways; transparency of waste 
destination data must be institutionalized; and co-process-
ing can function as a contingency waste management 
mechanism in large-scale spills.

4.	 CONCLUSIONS
The oil spill on the coast of Northeast Brazil in 2019, 

known as the largest in the country’s history and one of 

FIGURE 3: . Cleanup carried out by volunteers: (a) Paiva Beach (located in the city of Recife). Source: Oton Veiga/TV Globo, 2019; (b) 
Itapuama Beach (located at Pernambuco State). Source: Sidney Vieira/Araújo et al, 2020.
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the world’s biggest environmental disasters, had several 
impacts on the local population and damaged biodiversity, 
affecting protected and sensitive environmental areas, as 
well as damaging artisanal fishing and the livelihoods of 
thousands of families. 

A total of 5,379.76 tons of waste were collected, mainly 
by volunteer citizens, most of which were sent to cement 
industries, where they were reused as an alternative fuel 
for energy generation in clinker production kilns in co-pro-
cessing activity. 

In a scenario of significant waste disposal rates in Bra-
zil, energy recovery methods have emerged as an impor-
tant and appropriate environmental solution. In this way, 
co-processing was the alternative found by the authorities 
at the time, instead of the large amount of oily waste dis-
posed of in landfills.

However, other strategies for collecting and utilizing oily 
waste (such as smoldering) resulting from environmental 
accidents should be identified and included in government 
protocols so that other alternatives can be adopted, espe-
cially those that involve a reduction in CO2 emissions and 
do not compromise ecosystem services, the maintenance 
of life, and health.
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