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Inform and provide clarification on the potential and sustainability of biofuels.

BIOEN FACTSHEET
BIOFUELS AS AN IMMEDIATE AND EFFECTIVE SOLUTION
FOR DECARBONIZATION OF TRANSPORTATION

The focus is on biofuels that can be produced sustainably, with sufficient capacity
to be relevant for decarbonization of the maritime sector.

Discuss the Brazilian model of agriculture and its technological developments.

Show how bioenergy is generating social-economic benefits and reducing
emissions without the need for extensive land areas.

Discuss the potential for biofuel production in the global south.

https://bioenfapesp.org/biofuels-as-an-immediate-and-effective-solution-for-decarbonization-of-transportation-factsheet/
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G20 Rio de Janeiro Leaders’ Declaration

‘We. the Leaders of the G20, met in Rio de Janeiro on 18-19 November 2024 to address
major global challenges and crises and promote strong. sustainable, balanced. and
inclusive growth. We gather in the birthplace of the Sustainable Development Agenda to
reaffirm our commitment to building a just world and a sustainable planet, while leaving
10 one behind

International Economic and Political Situation

We reaffimi the role of the G20 as the premier forum for intermational economic

cooperation. Together, we share a collective responsibility for the effective stewardship

of the global economy. fostering the conditions for sustainable. resilient and inclusive

global growth. We semain committed to support developing countries in responding to
Jobal cr od achi Goals

We live in times of major geopolitical. socioeconomic, and climate and environmental
challenges and crises. which require urgent action. With only six years left o achieve the
Sustainable Development Goals (SDGs) of the 2030 Agenda. progress towards only 17%
ofthe SDG targets is on track. nearly half are showing minimal or moderate progress. and
progress on over one third has stalled or even regressed. The G20 is well suited to address
those challenges through much needed intermational cooperation and political drive. As
Leaders of the G20, we recognize that the crises we face do not affect the world equally.
disproportionally burdening the poorest and those already in vulnerable sitations.

We recognize that inequality within and among countries is at the root of most global
challenges that we face and is aggravated by them. We will accelerate our efforts and
reaffirm our strong commitment to the Sustainable Development Goals. The world
requires not only urgent action. but also socially just, environmentally sustainable and
economically sound measures. For that reason, we work, in 2024, under the motto
“Building aj : % i

at the center of the G20 agenda.

We observe good prospects of a soft landing of the global economy. although multiple
challenges remain and some downside risks have increased amid elevated uncertainty.
We will continue to foster strong. sustainable, balanced and inclusive growth. address
cost of living pressures, safeguard fiscal sustainability and mitigate negative spillovers.
Our central bank y yin

respective mandates. Our fiscal policies will safeguard fiscal sustainability and rebuild

DECARBONISING

HARD-TO-ABATE SECTORS

WITH RENEWABLES

PERSPECTIVES FOR THE G7
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IEA Bioenergy

Carbon Accounting for
Sustainable Biofuels

Implementation Agendas:
Compare-and-Contrast Transport Biofuels Policies
(2021-2023 Update)

IEA Bioenergy: Task 39

International
Energy Agency

Technology Collaboration Programme
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IEA Bioenergy

Biofuels in Emerging Markets of
Africa and Asia

An overview of costs and greenhouse gas savings

|EA Bioenergy: Task 39

July 2024

Renewables
2024

Analysis and forecast to 2030

Technology Collaboration Programme
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+80 references to major reports and open access high impact scientific articles



The substitution of
fossil fuels with
biofuels is

temperatures from
rising (IPCC, 2022)

To achieve carbon-neutrality
biofuels use need to grow
by 2.5 times from today to
2030 (IEA, 2023)

Bioenergy is the

“Overlooked giant in renewable resources”.
. Bioenergy share in the global renewable
global resources is 50%, as much as hydro, wind and

solar combined
(Fatih Birol, IEA, 2018).

In shipping and aviation,
bioenergy, hydrogen and
hydrogen-based fuels
need to ramp up from less
than 1% of energy
consumed today to almost
15% in 2030 and 80% by
2050 (IEA, 2023)

Bioenergy

contributes to energy

The path to carbon
neutrality includes
biofuels displacing almost
800 Mt of fossil CO,, or
10% of today’s global
transport emissions

(IEA, 2023

security, food
security,
environmental
security and
sustainable
development
(SCOPE, 2015)
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1ed G20) The G20 in 2024 moved forward a set of
PRINCIPLES FOR JUST AND INCLUSIVE ENERGY TRANSITIONS
with the following recommendation:

“We underscore the crucial role of technologically neutral,

Carbqn ACCOI:lntlng for integrated, and inclusive approaches to develop and deploy a
SUSta iNnNa ble B|Ofuels variety of low-emitting energies, sustainable fuels and

technologies, including for abatement and removal, carbon
management, and emission reduction, with a view to creating
scale and global markets to accelerate energy transitions,
particularly in hard-to-abate sectors.

We encourage, as appropriate, the use of mutually recognized
methodologies and standards for assessing greenhouse gas
emissions.”

I
International
Energy Agency

(G20, OCTOBER 2024)

“Policies should be technology neutral and
feedstock agnostic”.

ILUC numbers cannot be used to negate the
effectiveness of biofuels to decarbonize
transportation

(International Energy Agency Carbon Accounting for
Sustainable Biofuels Report, 2024).



Brazilian
contribution to
decarbonization of
transportation

Largely renewable internal
energy offer (50%) with 16.7%
derived from sugarcane and
16.6% from other biomass
sources

Electricity is 88.2% renewable
(BEN, 2025).

Transportation is 25.7%
renewable

424 biofuel plants

ton CO2eq.

85% of the fleet is flex
(BEN, 2025; EPE, 2024;
Nogueira et al., 2024)

“Fuel of the Future” legislation.
Current target is 705 Mt CO2 eq
by 2037 of avoided emissions.
Currently E30 and B15 (B20 by
2030).

37.3 Billion L/yr of etanol
9.2 Billion L/yr of biodiesel

From 1975 to 2024 Brazil
consumed 888 Billion L of
ethanol displacing 1.4 Billion

Biofuels grew at the same
time as Brazil became the
top exporter of food
commodities. Pasture
intensification freed up
land. Second cropping
was introduced.

In Brazil, energy crop
expansion was predominantly
linked to the conversion of
egraded lands and pastures
ith the added benefit of soil
recovery and soil carbon
sequestration. (Guareghi et
al., 2023)

Brazil preserves 66% of its
territory with native
vegetation. Agriculture uses
8%, pastures use 21% and
urban areas 4%. (Embrapa,
2021).



The effects of bioenergy from edible versus non-edible feedstocks

Food availability
2/3 of the articles reported positive effects or no effects on food availability.
Bioenergy has positive effects on the household scale.

Food prices
Negative effects of bioenergy on food price were concentrated
on countries with High Social Development Index (SDI) (3/4).

Food production

Bioenergy has positive effects on food production in low Social
Development Index (most of the Global South) countries and at the
household scale.

Bioenergy on low SDI countries has no effect on food prices.

Studies that report negative effects are most commonly based on
modeling.

When observed data was used the reporting of
negative impacts was lower.

224 papers

There is no
correlation
between the type of
bioenergy feedstock
(edible, inedible, or
both edible and
inedible)
and food security

Ahmed, S, Warne, T., Smith, E.,
Goemann, H,, Linse, G., Greenwood,
M, Kedziora, J., Sapp, M., Kraner, D,
Roemer, K., Haggerty, J. H., Jarchow,
M, Swanson, D, Poulter, B. and Stoy,
P.C. (2021). Systematic review on
effects of bioenergy from edible
versus inedible feedstocks on food
security. Science of Food (2021) 5:9




Observed changes brought by bioenergy that contribute to food security

Purchasing
Power

Agriculture
Modernization




Observed changes brought by bioenergy that contribute to food security: purchasing power

Improved socio-economic indicators:
Literacy and schooling years

Wages

Purchasing

Formalization of work and working conditions

Power

Next generations outlook (daughters and sons of workers)

1> GDP per capita in municipalities hosting bioethanol companies

A new mill increased the municipalities GDP per capta in USS 1,098 (first year) and USS 1,029
(10-yr)

70,000 small sugarcane producers
75,000 small soybean producers
Job opportunities (T~biodiesel = 1.1 million new jobs added in the soybean industry in the last

decade)

Moraes, M. A. F. D., Oliveirg, F. C.R. and Diaz-Chavez, R. A. (2015). Socio-economic impacts of Brazilian sugarcane industry. Environ. Dev. 16,31-43.
Moraes, M. A. F. D,, Bacchi, M. R. P.and Caldarelli, C. E. (2016). Accelerated growth of the sugarcane, sugar, and ethanol sectors in Brazil (2000-2008): Effects on municipal gross

domestic product per capita in the south-central region. Biomass Bioenergy 91,116 -25.
i X : o _


https://unicadata.com.br/listagem.php?idMn=158

Observed changes brought by bioenergy that contribute to food security: increased

energy access

750 million people do
not have electricity in
the world (80% in rural
areas)

Energy use has a direct
correlation to Human
Development Index.

Food security increases
with energy access.

Cane bioelectricity can
power 10.8 million
homes increasing
energy access in rural
regions.
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Figure 3.1. Human Development Index versus Per Capita Primary Energy Consumption
(EIA 2014; UNDP 2014).

Bioenergy & Sustainability = 63



Observed changes brought by bioenergy that contribute to food security: adding value to
agriculture increased yields and production with best management practices
using very little land

Crop rotation Planting in beds SRer sy’ Agriculture

Straw layer Soil amendments . .
i Modernization

Planted area (million hectares)

Use of residues Vinasse fertirrigation
New varieties 2nd cropping
20 o
Last 20 years: §
18 15t crop corn area decreased by 5.3 million hectares (59% decline) 120 _S
2nd crop corn area increased by 13.6 million hectares (428% expansion) =
16 =
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The three main
energy crops
(soybean, corn and
sugar cane) have not
yet reached their
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Totalcorn production  =—==1st crop corn area =7 nd crop corn area

Cherubin, M. R; Carvalho, J. L. N,; Cerri, C. E. P,; Nogueirg, L. A. H.; Souza, G. M,; Cantarellg, H. (2021). Land Use and Management Effects on Sustainable Sugarcane-Derived Bioenergy. Land, 10,72,; Potential in Land Saving Techniques
productio? isw Brazil, EPE, 2024; Waclawovsky, A. J,, Sato, P. M, Lembke, C. G, Moore, P. H, Souza, G. M. (2010). Sugarcane for bioenergy production: an assessment of yield and regulation of sucrose content Plant Biotechnology
Journal 8 (3), 263-276.



Observed changes brought by bioenergy that contribute to food security: recuperating
degraded land and increasing soil carbon

c) 56°0'W 480w d)
L . .. .51
v (2000)
v(‘:‘,l'_'
- 2
98% of sugarcane
expansion has
occurred mainly
over degraded
pastures and land
& g PR in use for
T S| . J agriculture in the
last 20 years
Pa Stu re A Geographic Coordinate System y
: . 0 100 200k DATUM-WGS 84
I severely degraded Moderately degraded |l No signs of degradation i B 550 o T

M.M. Guarenghi, D.F.T. Garofalo, J.E.A. Seabra, M.M.R. Moreira, R.M.L. Novaes, N.P. Ramos, S.F. Nogueira, C.A. de Andrade. Land Use Change Net Removals Associated with
Sugarcane in Brazil. Land 2023, 12(3), 584



Biofuels produced in Brazil have very low emissions, one
reason being we save on fertilizers, one of the main
--'«‘_,,.-‘ ers to emissions

Sugarcane production is alternated with cultivation of
peanuts and soybeans in the areas of sugarcane field reform

Corn is alternated with soybean

This dual planting system takes advantage of the capacity for

nitrogen fixation that legume species (such as soy and
peanuts) have which brings nitrogen to soils reducing the
need for fertilization

gasoline and diesel.

E}gf#‘é}hahol from Brazil, the carbon intensity can be close to

= T zero or negative

' . -

’\fﬂ’ (2024) Contrlbutlon of double-cropped maize ethanol in Brazil to sustainable development. Nature Sustainability, 1-12.; Silva
X‘ /@al,, (2025) Meta- -analysis of biofuels in emerging markets of Africa and Asia: green house gas savings and economic fea5|b|I|ty
'A“( \}' Renewable and Sustainable Energy Reviews 213: 115465
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Observed changes brought by bioenergy that contribute to food security: biofuels is

integrated into food production

Brazil is the world’s largest producer of
Soybeans

Coffee

Orange juice

Sugar

Brazil is the second largest producer
Chicken meat

Beef

Brazil is world’s largest exporter of
Soybeans

Coffee

Orange juice

Sugar

Chicken meat

Beef

Corn

Soybeans and corn produced in Brazil are the
basis for the production of animal products,
such as meat, milk, eggs, in several countries.

In 2024 Brazilian food items fed 900
million people
(11% of the world’s population)

Agricultural
Infrastructure




Food AND Feed AND Fuels AND Power produced in parallel

PATHWAYS FOR ETHANOL PRODUCTION PATHWAYS FOR BIODIESEL PRODUCTION
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Protein for Food, Protein for Feed, Oil
Biodiesel, Bioelectricity, Residues recycled

Biodiesel production in Brazil uses only ~3% of
the country's total soybean production

Sugar, DDGS for Feed, Oil
Bioethanol, Bioelectricity, Residues recycled

Canabarro, N.l.; Silva-Ortiz, P.; Nogueira, L.A.H.; Cantarella, H.; Maciel Filho, R.; Souza, G.M. (2023).

| E A Sustainability assessment of ethanol and biodiesel production in Argentina, Brazil, Colombia, and Guatemala.
Renewable & Sustainable Energy Reviews. 171: 113019. Task 3 9
15 IEA Bioenergy

= Bioenergy



Brazil preserves the largest area in
the world in native vegetation

FOREST CODE

Brazilian territory occupies 852 million ha

66% preserved with forests: 33% in rural properties +
33% preserved with integral conservation units,
indigenous units and others

Rural producers must maintain at least 20% of their
own area with preserved or recovering native
vegetation.

In the Amazon, the minimum preservation is 80%.

RENOVABIO

Cradle-to-wheel life cycle analysis + Elegibility
Criteria:

Traceability of feedstock, a ban on conversion of
native vegetation, fullfilment of the environmental

leg|3lat|0n and com p“a nce W|th the agI‘OGCOlOgICGl Agroicone, based on LAPIG (2022) for pasture; Mapbiomas (2023) 9" collection; Mapbiomas (2022) for protected
0 areas (8th collection); Observatério do Cdédigo Florestal (2024) for vegetation on farms. Note*: Calculations for all
zoning categories are considered the best in 2024 since the Brazilian government does not provide official data. *Includes

undesignated public areas, public forests, settlements and quilombola area; **Includes forestry, mosaics, etc.



BIOFUELS BLENDING MANDATES ACROSS THE GLOBAL SOUTH

Positive institutional environment Blending mandate . Biofuel use
(legal framework in place) partially implemented fully implemented
Angola Uganda Ethiopia India Malawi Brazil
Cote d'lvoire Nepal Zimbabwe Japan Indonesia Colombia
Kenya Pakistan Australia South Corea Malaysia Ecuador
Mozambique Costa Rica China Philippines Paraguay
Nigeria Guatemala Thailand Peru
South Africa Mexico Argentina Uruguay
Bolivia

How can emerging markets
contribute to the effort of
biofuels needing to grow by 2.5
times from today to 2030,
displacing almost 800 Mt of
fossil CO,, or 10% of today’s
global transport emissions

I E_ A Souza et al., 2023. Biofuels in Emerging Markets. Potential for sustainable production and consumption. IEA Task 3 9
B iocoene f'g g Bioenergy Task 39. 17 IEA Bioenergy




Biofuels potential and sustainability in emerging markets

——

@ Additional biofuel production
h 45.7 bi liters of biodiesel
64.7 bi liters of etanol

—

IEA Bioenergy

Biofuels in Emerging Markets of
Africa and Asia

An overview of costs and greenhouse gas savings

Required conversion of
pastureland: 0.1% to 10.7%

|EA Bioenergy: Task 39

Potential GHG savings > 300 Mt
v CO,e per year

-~

Developing countries with large populations and potential for high energy demand
Argentina, Brazil, China, Colombia, Ethiopia, Guatemala, India, Indonesia, Malaysia, South Africa, Thailand

47.0% of the world’s population
27.0% of the CO, emissions of the transportation sector

If this group of emerging economies were to achieve the same per capita carbon intensity of the transportation sector as the
OECD average, worldwide emissions of the transportation sector would more than double.

@ | E_ A Souza et al., 2023. Biofuels in Emerging Markets. Potential for sustainable production and consumption. IEA Task 3 9
— Bloe ne rgg Bioenergy Task 39.; Silva et al., (2024). Biofuels in Emerging Markets of Africa and Asia. IEA Bioenergy, 2024 IEA Bioenergy



11,439 publications Al study
Contributions of biofuels, biomass, and bioenergy to Sustainable Development Goals

Affordable and Clean Energy
Expanding the sharf of renewables in the ener_%iy mix is one of the clearest outcomes of bioenergy development.

joenergy is central to the gl energy transition, . . . .
Eio?ueﬂsg I’OV(i: € renewa b?eg, ﬁlg?\—eneréz—c;ensity :?Iternatlves to fossil fuels, especially in transport.

Climate Action

Biofuels and biomass play a major role in greenhouse gas mitigation.
Iﬁiﬁé&/ fe analysis dempon%trateé tLeir alloilﬁy to lower egmissiongs across supply chains, while advanced managing practices red uce land

Responsible Consumption and Production

Eiofuelds embody circular econon]y principles by converti agri(%ultura,l residues, munjcipal waste, and other biomass into energy and
H).pro ucts.o‘nnovatlon in.supply chain optimization and biorefinery integration minimize environmental impacts, supporting resource
etficiency and waste reduction.

Industry, Innovation and Infrastructure

Bioenergy fosters systemic innovation in conversion technologies, supply chains, and indus}_rial scaling. Investments in biore fineries,
transport networks, upgrading and pipelines, demonstrate how infrastructure supports scaling and competitiveness of biofuels.

Life on land
SHstainabIe_biomass cultri]vat'ioon canincrease land productivity, en_harE:_e resilience to climate variability, and restore degraded areas.
These practices ensure that biofuel expansion does not compromise biodiversity and ecosystem services.

8 Decent work and Economic Growth

Biofuels contribute to economic gro(yvth and job creation, particularly in rural regions br(‘jc,lgi g yield gaps into hig_h?r produc tivities
Egruont{ I}égec nological upgrading and positioning biofuels as engines of employment and inclusive growth, especially’in develop ing

Zero Hunger

Balancing food and fuel %r_ ductioP with modernélgricultural practices support resilient agricultural systems. These practices
enhancefood security while enabling energy production.

Sustainable Cities and Communities

Bioener‘?y_is increasingly integrated .into urban s_ustainabili}

plans, contributing to low-carbon trans?ort and decentralized energy
supply. This supports Cities in reducing their environmenta

»%ootprl nt, pollution"and meeting climate targets.

Raman et al., (2025). Analyzing the contributions of biofuels, biomass, and bioenergy to sustainable development goals. iScie nce 28:112157.




HOW TO PICK A BIOFUEL

It helps if the technology

is mature, economically

competitive, commercially

available in the scales +
needed and adapted to A
local conditions.

Type of biofuel? 4 +
¥

Type of
i A feedstock?
+ /9
T A 4 You might want to consider best
management practices, yields,
4 ¥ . |
+ consolidated supply chains.
X ¥
Sustainability /
X
GHG emessions, compliance with x X
agroecological zoning, no %x X X

; X
deforestation, good governance on x X »
ecosystem services preservation, Available X %
socioeconomical indicators infrastructure?

Food versus Fuel?
This definitely helps, with the urgency of climate

There is ample evidence that biofuels are not change and the high costs of abatement we need
associated to fluctuations on food prices and to immediately deploy using the available
that food insecurity is not correlated to the infrastructure whenever possible.

feedstock being edible versus non-edible.
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Foundational Document on the
Global Biofuels Alliance (GBA)

GL® BAL

BINFUCLS

ALLIANCE

“Recognize that biofuels are proven renewable, low

carbon fuels that reduce greenhouse gas emissions,

mitigate the effects of climate change, can be produced

at scale, are commercially available and can spur

domestic growth and develop trade opportunities”
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THANK YOU! IEA Bioenergy ExCo Workshop

Oslo - Nov 2025

Glaucia Mendes Souza
University of Sao Paulo (USP)
glmsouza@iq.usp.br
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