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Climate change calls for global actions to mitigate 
greenhouse gas emissions (GHG). 

The challenge is even greater for hard-to-abate 
sectors, such as aviation, which accounted for 2% 

of global emissions in 2022

Context

It is estimated that the demand for aviation 
kerosene will continue to grow, and consequently, 

GHG emissions, even with improvements in 
aircraft efficiency and systemic gains

Sustainable Aviation Fuels (SAF) constitute one of 
the primary measures to mitigate emissions from 

the sector

Brazil, with its experience in biofuel production 
and availability of renewable feedstocks, can 

assume a leadership role in the renewable fuels 
market and accelerate the transition to a 

sustainable economy

The International Civil Aviation Organization 
(ICAO) has set emissions reduction targets for the 

sector and aims to achieve net-zero carbon 
emissions by 2050.

Brazil is also developing a program for the sector 
- the ProBioQAV.

EPE conducted this study to assess the possible 
pathways Brazil can take in pursuit of these 

objectives



Histórico e legislação
Conversion processes &
Feedstocks



Primary feedstocks

Oilseeds, algae, and 
residual oils and fats

HEFA Hydroprocessed esters and fatty acids 50%

HC-HEFA Hydrocarbon-Hydroprocessed Esters and Fatty Acids 10%

CHJ Catalytic hydrothermolysis jet fuel 50%

Conversion processes approved by ASTM D7566 and ANP Res. 856/2021
Blend 
limit1

Eucalyptus, pine, 
elephant grass, 

sugarcane bagasse

FT-SPK Fischer- Tropsch Synthetic Paraffinic Kerosene 50%

SPK-A Synthetic Paraffinic Kerosene with Aromatics 50%

SIP Synthesized iso-paraffinic 10%

Sugarcane, corn, 
beetroot, cassava

ATJ Alcohol to Jet 50%

Lipids

Lignocellulosic biomass

Sugars and starches

1 Blend limit: maximum percentage allowed for blending with fossil aviation kerosene in ANP resolution
Source: 9, 10

Approved conversion processes 

https://atosoficiais.com.br/anp/resolucao-n-856-2021-estabelece-as-especificacoes-do-querosene-de-aviacao-jet-a-e-jet-a-1-dos-querosenes-de-aviacao-alternativos-e-do-querosene-de-aviacao-c-jet-c-bem-como-as-obrigacoes-quanto-ao-controle-da-qualidade-a-serem-atendidas-pelos-agentes-economicos-que-comercializam-esses-produtos-em-territorio-nacional?origin=instituicao
https://www.astm.org/d7566-21.html
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1 The production cost per conversion process is represented by the minimum selling price of SAF
Source: 11, 15, 16, 20, 21, 25, 26 
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Tallow

Used cooking oil

Macaw palm oil

Palm oil

Soybean oil

Agricultural residues

Forest residues

Sugarcane residues

Sugarcane

Corn

Agave

Agricultural residues

Forest residues

https://www.sciencedirect.com/science/article/pii/S0016236122017471?via%3Dihub
https://onlinelibrary.wiley.com/doi/epdf/10.1002/bbb.2041
https://onlinelibrary.wiley.com/doi/epdf/10.1002/bbb.2168
https://www.icao.int/environmental-protection/CORSIA/Documents/ICAO%20document%2006%20-%20Default%20Life%20Cycle%20Emissions%20-%20March%202021.pdf
https://shop.elsevier.com/books/sustainable-alternatives-for-aviation-fuels/yousuf/978-0-323-85715-4
https://www.sciencedirect.com/science/article/pii/S030626191731499X?ref=pdf_download&fr=RR-7&rr=84bb5363bf957aa0
doi:%2010.1002/bbb.2574


Histórico e legislação
Scenarios for SAF 
Supply in Brazil
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Forecast of aviation fuel demand and GHG emissions

Demanda Voos domésticos Demanda Voos internacionais

Emissões Voos domésticos Emissões Voos internacionais

The demand for aviation fuel will continue to grow in the coming years

• To keep up with the sector's demand rebound post-
pandemic, both domestic production and aviation 
fuel imports in Brazil are expected to increase. 

• Despite improvements in aircraft efficiency and 
travel planning, emissions from the sector are also 
on the rise.

• In this context, SAF production must play a pivotal 
role in aviation decarbonization through the 
ProBioQAV and CORSIA programs.

• Brazil can stand out in SAF production due to its 
expertise in biofuels and the abundance of biomass 
and other renewable energy sources.

Historical   Projection

1 Flights operated by domestic or foreign companies with origin/destination outside of Brazil.
Source: EPE, based on 34

1

Domestic flights demand

Domestic flights emissions

International flight demand

International flights emissions 1

1

https://www.epe.gov.br/pt/publicacoes-dados-abertos/publicacoes/plano-decenal-de-expansao-de-energia-2032
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Aplicação das metas CORSIA

Voos internacionais Meta CORSIA
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Aplicação das metas ProBioQAV

Voos domésticos Meta ProBioQAV

• ProBioQAV and CORSIA are not based on volumetric mandates, but
rather on emissions reduction targets

• ProBioQAV – gradual emissions reduction percentagem Applied to 
domestic flights, starting at 1% in 2027 and increasing to 10% by
2037.

• CORSIA – carbon-neutral growth until 2035, followed by reduction
to achieve net zero emissions in international aviation by 2050.

• The implementation of both programs results in emissions reduction
that can be met with SAF.

Start of the program

2 nd phase
Mandatory

1 st phase
Voluntary
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CORSIA + ProBioQAV  implementation

Projeção Base Projeção com Metas

Emissions reduction targets

Source: EPE, based on 2, 8, 34

Domestic flights ProBioQAV targets

International flights CORSIA targets

ProBioQAV targets implementation

CORSIA targets implementation

Base projection Target projection

https://www.icao.int/environmental-protection/CORSIA/Documents/CORSIA%20Brochure/2023%20Edition/CORSIA-Brochure2023-EN-WEB.pdf
https://www.camara.leg.br/proposicoesWeb/fichadetramitacao?idProposicao=2388242
https://www.epe.gov.br/pt/publicacoes-dados-abertos/publicacoes/plano-decenal-de-expansao-de-energia-2032


• The volumetric demand for SAF will vary according
to the carbon intensity (CI) of the fuel produced, as
CORSIA and ProBioQAV set emission reduction
targets.

SAF demand in Brazil

Fonte: elaboração própria, com base em 2, 8, 34
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https://www.icao.int/environmental-protection/CORSIA/Documents/CORSIA%20Brochure/2023%20Edition/CORSIA-Brochure2023-EN-WEB.pdf
https://www.camara.leg.br/proposicoesWeb/fichadetramitacao?idProposicao=2388242
https://www.epe.gov.br/pt/publicacoes-dados-abertos/publicacoes/plano-decenal-de-expansao-de-energia-2032


Proposed scenarios

Residues 
utilization

What is the production 
potential of SAF from 

organic residues 
available in Brazil?

Announced 
projects

Are the announced 
projects sufficient to 
meet the emissions 
reduction targets?

Traditional

How can soybean oil, 
first-generation 

sugarcane ethanol, and 
corn ethanol contribute 
to achieving the targets?

Alternatives

How can alternative 
feedstocks contribute to 

meeting the targets?

Feedstocks
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Meta de redução ProBioQAV Meta de redução CORSIA Redução Projetos anunciados

BBF | 2026

HEFA production: 250 thousand 
m³/y

Feedstock: palm, 
soybean and corn

Acelen | 2027 

HEFA production: 500 thousand m³/y
Feedstock: soybean, corn and macaw 

palm (in the future)

Petrobras | 2029

HEFA production: 350 thousand m³/y
Feedstock: soybean and beef tallow.

. 

Scenario I | Announced Projects
Announced projects partially meet the emissions reduction targets

Note: There are projects to build plants that use the AtJ and HEFA routes, with a lower degree of certainty, that were not included in this study.
Source: EPE, based on 2, 8, 16, 20, 34, 35, 36,

• From 2027 to 2037, projects meet na average of 38% of the 
emissions reduction targets set by CORSIA and ProBioQAV.

• Considering only ProBioQAV, the announced projects are 
sufficient to meet the established targets until 2037.

ProBioQAV target CORSIA target Announced projects reduction

https://www.icao.int/environmental-protection/CORSIA/Documents/CORSIA%20Brochure/2023%20Edition/CORSIA-Brochure2023-EN-WEB.pdf
https://www.camara.leg.br/proposicoesWeb/fichadetramitacao?idProposicao=2388242
https://onlinelibrary.wiley.com/doi/epdf/10.1002/bbb.2168
https://www.icao.int/environmental-protection/CORSIA/Documents/ICAO%20document%2006%20-%20Default%20Life%20Cycle%20Emissions%20-%20March%202021.pdf
https://www.epe.gov.br/pt/publicacoes-dados-abertos/publicacoes/plano-decenal-de-expansao-de-energia-2032
https://www.epe.gov.br/sites-pt/publicacoes-dados-abertos/publicacoes/PublicacoesArquivos/publicacao-756/NT-EPE-DPG-SDB-2023-01_Analise_de_Conjuntura_dos_Biocombustiveis_Ano2022.pdf
https://www.acelen.com.br/comunicacao/acelen-inova-em-combustiveis-renovaveis-e-investira-mais-de-r-12-bi/


1 Average specific capacity based on announced projects and market reports (29).
2 The calculations used the additional emissions reduction required each year and IC values indicated on this page of the Notebook.
3 At present, the maximum blending limit is 50%.

Source: EPE, based on 2, 8, 16, 20, 25, 34, 35, 36, 37
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• The mix of conversion processes 
and feedstock will depend on the 
evaluation of several factors.

• Ex: availability of feedstock, 
logistics, costs, environmental 
aspects, etc.

• In 2037, SAF production is 
expected to range from 3.7 to 8 
million m³/year, depending on 
the chosen conversion 
processes. This production range 
includes the announced projects.

• SAF could represent between 
36% and 78% of the volumetric 
demand for QAV3.

Note: The analyses are mutually 
exclusive.

Scenario II | Traditional and alternative feedstock
Production capacity varies according to the conversion process and feedstock

Traditional Alternatives

4 to 8
plants

10 to 23
plants

Equivalence in 
plants of 300 

thousand m³/year 1

3
plants

9
plants

Added SAF 
production 
capacity 2

The values add up 
to the announced 

projects

HEFA 
soybean

ATJ corn HEFA 
macaw palm

https://www.icao.int/environmental-protection/CORSIA/Documents/CORSIA%20Brochure/2023%20Edition/CORSIA-Brochure2023-EN-WEB.pdf
https://www.camara.leg.br/proposicoesWeb/fichadetramitacao?idProposicao=2388242
https://onlinelibrary.wiley.com/doi/epdf/10.1002/bbb.2168
https://www.icao.int/environmental-protection/CORSIA/Documents/ICAO%20document%2006%20-%20Default%20Life%20Cycle%20Emissions%20-%20March%202021.pdf
https://www.sciencedirect.com/science/article/abs/pii/S030626191731499X
https://www.epe.gov.br/pt/publicacoes-dados-abertos/publicacoes/plano-decenal-de-expansao-de-energia-2032
https://www.epe.gov.br/sites-pt/publicacoes-dados-abertos/publicacoes/PublicacoesArquivos/publicacao-756/NT-EPE-DPG-SDB-2023-01_Analise_de_Conjuntura_dos_Biocombustiveis_Ano2022.pdf
https://www.acelen.com.br/comunicacao/acelen-inova-em-combustiveis-renovaveis-e-investira-mais-de-r-12-bi/
https://pubs.rsc.org/en/content/articlelanding/2011/ee/c1ee01107c
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1 The utilization rates were defined considering portions of these residues that are already used for other purposes. In the graph, the level 
of emission reduction from residues remains constant, as the availability in 2022/2023 was used as a reference..

Source: EPE,based on 16, 18, 38, 42, 43

Scenario III – Residues utilization

• The use of organic residues 
is attractive due to the low 
cost of feedstock acquisition 
and low carbon intensity.

• This trajectory considers the 
level of utilization of 
available residues and 
indicates the potential for 
SAF production from them.

• If the full utilization potential 
were realized, it would be 
possible to meet 82% of the 
emission reduction targets 
for 2037 using only residues 
biomass.

Estimate of 
available 
residues

Beef

tallow

Sugarcane

Residues

Eucalyptus

Residues

215
thousand tons/year

26,5
million tons/year

16,6
million tons/year

SAF 
Production 
Potential

~915 thousand m³/year

via FT

~790 thousand m³/year

via FT

~140 thousand m³/year

via HEFA

Utilization
rate 1

20% 10%
40%

Equivalence 
in plants

1 plant 

of 140 thousand m³/yr

3 plants 

of 300 thousand m³/yr

3 plants 

of  300 thousand m³/yr

https://onlinelibrary.wiley.com/doi/epdf/10.1002/bbb.2168
https://www.agroicone.com.br/wp-content/uploads/2021/06/RSB_Agroicone_Feedstock_availability_2021.pdf
https://www.gov.br/anp/pt-br/centrais-de-conteudo/paineis-dinamicos-da-anp/paineis-e-mapa-dinamicos-de-produtores-de-combustiveis-e-derivados/painel-dinamico-de-produtores-de-biodiesel
https://www.ibge.gov.br/estatisticas/economicas/agricultura-e-pecuaria/9203-pesquisas-trimestrais-do-abate-de-animais.html
https://iba.org/datafiles/publicacoes/relatorios/relatorio-anual-iba2023-r.pdf


Summary of 2037 scenarios

Residues 
utilization

Announced 
projects

Traditional Alternatived

Scenario I Scenario II Scenario III

Addedd 
capacity1

Equivalence 
in plants

Estimated 
investment2

3,000 to 6,900
thousand m³/year

~2,700
thousand m³/year

~1,940
thousand m³/year

1,100
thousand m³/year

3 plants

500, 250, 350 thousand 
m³/year

10 to 23 plants

of 300 thousand m³/year

9 plants

of 300 thousand m³/year

7 plants

6 of 300 + 1 of 140 
thousand m³/year

R$ 8.7 
billion

R$ 21 to 48 
billion

R$ 19 
billion

R$ 13.6 
billion

1 The added capacity for SAF production in Scenarios II and III is based on the emission reduction targets of CORSIA and ProBioQAV, and on 
the IC of each conversion process/feedstock.
2 The investment estimate was based on the average cost of announced projects in Brazil. It is noted, however, that CAPEX will vary for 
different conversion processes. There is also the possibility of scale and scope gains that were not considered in this calculation.



Multi-criteria analysis
The combination of conversion processes and feedstocks will depend on the assessment of various factors and constraints

Source: EPE,based on 2, 8, 16, 20, 25, 34

HEFA 
Soja

HEFA 
Sebo

HEFA 
Macaúba

FT 
Resíduo 
Florestal

FT 
Resíduos 
da Cana

ATJ 
Milho

ATJ 
E1G

ATJ 
E2G

ATJ 
Agave

Feedstock
availability

Logistics and 
infrastructure

Feedstock costs

Diversification in 
the biofuels matrix

TRL

Carbon intensity of 
the routes

More favorableLess favorable

• The combination of conversion processes and feedstocks 
will depend on the evaluation of various factors and 
constraints, such as:

• Other factors may also influence the composition of the mix, 
such as financing, geopolitical aspects, national strategy, etc.

Projetos 
anunciados 

(HEFA)

HEFA soja

HEFA sebo

HEFA macaúba

ATJ milho

ATJ E1G

ATJ E2G

ATJ agave
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FT florestal
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SAF production by 
conversion process 

2037
• The weighting of different 

criteria suggests a possible SAF 
production route composition 
aimed at meeting sector 
emission reduction targets and 
diversifying feedstocks.

• Diversifying feedstocks for 
biofuel production still 
requires investments to 
achieve scale

• However, this could be a 
key driver for regional 
development, pasture 
recovery, and job creation. 

https://www.icao.int/environmental-protection/CORSIA/Documents/CORSIA%20Brochure/2023%20Edition/CORSIA-Brochure2023-EN-WEB.pdf
https://www.camara.leg.br/proposicoesWeb/fichadetramitacao?idProposicao=2388242
https://onlinelibrary.wiley.com/doi/epdf/10.1002/bbb.2168
https://www.icao.int/environmental-protection/CORSIA/Documents/ICAO%20document%2006%20-%20Default%20Life%20Cycle%20Emissions%20-%20March%202021.pdf
https://www.sciencedirect.com/science/article/abs/pii/S030626191731499X
https://www.epe.gov.br/pt/publicacoes-dados-abertos/publicacoes/plano-decenal-de-expansao-de-energia-2032
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SAF production in Brazil can 
have a lower carbon intensity 

compared to the same 
conversion processes in 
other countries due to 

integrated plants. 

Existing initiatives for the 
construction of biorefineries 

can meet a portion of the 
emissions reduction required 

by CORSIA and ProBioQAV.

But, in the long term, it is 
necessary to diversify the 

feedstocks used in biofuels 
production, which could 

catalyze job creation and 
income distribution to rural 

areas in Brazil.

The scenarios outlined in this 
study indicate a range of 
solutions. However, an 

integrated perspective is 
necessary to optimize 

decarbonization efforts, 
given the competition with 

other industries for 
resources such as land, 
feedstock, financing, etc. 

Brazil can stand out in SAF 
production due to its 

expertise in biofuels and the 
availability of land, biomass, 
and other renewable energy 

sources.

It is important to allocate 
resources towards RD&I to 
establish a strong industry
aligned with the just energy 
transition towards a low-

carbon economy.

Icons from Flaticon



www.epe.gov.br

www.epe.gov.br

https://www.instagram.com/epe_brasil/
https://br.linkedin.com/company/empresa-de-pesquisa-energetica
https://www.youtube.com/channel/UCwyXnM_1SQZPvjBeBQ-CMtg
https://open.spotify.com/show/2VZ0gXj6J2qb0fl35c4wrC?si=F_tGWnJZT7WEy0sTaOloIA
https://www.facebook.com/EPE.Brasil/
https://twitter.com/epe_brasil
https://www.epe.gov.br/
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