
The IEA Bioenergy Technology Collaboration Programme (TCP) is organised under the auspices of the International Energy Agency (IEA) but is functionally and legally autonomous. Views, findings and publications of the IEA Bioenergy TCP do not
necessarily represent the views or policies of the IEA Secretariat or its individual member countries.

Biofuels in Emerging Markets  
Potential for sustainable 
production and consumption

Glaucia Mendes Souza

FAPESP Bioenergy Research Program



2

BIOFUELS BLENDING MANDATES IN EMERGING ECONOMIES 

Life Cycle Analysis + Technoeconomic Analysis + Exergy Analysis
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Central and South America are responsible for around 27% of total biofuels production worldwide 
Argentina, Brazil, Colombia and Guatemala provide 50% of the global ethanol and 21% of biodiesel

What is the potential for expansion and is it 
sustainable?
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BIOFUELS PRODUCTION
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BIOFUELS PRODUCTION
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ARG  70% 

BRA 67%

COL 74%

GUA  66%

ARG 37% 

GHG EMISSIONS – Ethanol compared do gasoline
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ARG  79% 

BRA 68%

COL 84% 

GHG EMISSIONS – Biodiesel compared do diesel
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LAND USE

Current land used for biofuels



To duplicate the liquid biofuels Production...
Brazil à 6.4% of Pastureland

Argentina à 4.5% of Pastureland

Colombia à 0.2% of Pastureland

Guatemala à 10% of Pastureland (only ethanol)

SOIL CARBON STOCKS

Cherubin et al., 2022



ADOPTING A LOW CARBON INTENSITY POLICY
1 ton CO2 at US$ 10 = US$ 630 million  

Scenarios
Annual 

Production 
(Billion L)

GHG 
emissions 
ethanol

(Gg CO2 eq)

GHG 
emissions 
Gasoline2

(Gg CO2 eq)

Emissions avoided by 
replacing gasoline by 

ethanol (CBIO)3
Value of 

CBIOs issued     
(Million US$)4

(%) Million tons 
CO2eq

Argentina1 1.07 910 1989 54 1.0 10.8
Brazil 35.3 20961 65427 67 44.2 442.8

Colombia 0.45 210 834 74 0.6 6.2
Guatemala 0.27 0 499 0 0 0
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Scenarios
Annual 

Production 
(Billion L)

GHG 
emissions 
Biodiesel

(Gg CO2 eq)

GHG 
emissions 

Diesel1
(Gg CO2 eq)

Emissions avoided by 
replacing diesel by 

biodiesel2
Value of CBIOs 

issued         
(Million US$)3

(%) Million
tons CO2eq

Argentina 2.4 1284 6013 79 4.7 47.3
Brazil 5.9 5483 16508 68 11 110.2

Colombia 0.6 283 1706 84 1.4 14.2
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EXERGETIC ANALYSIS
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Bioethanol in Brazil
Exergy efficiencies for the ethanol processes 
Cogeneration exhibits the highest irreversibility rates > sub-system with the most significant 
area for improvement

Exergy flows for the ethanol production
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Biodiesel in Brazil
Exergy efficiencies for the biodiesel processes 
Oil extraction exhibits the highest irreversibility rates > sub-system with the most significant 
area for improvement

Exergy flows for the biodiesel production
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Ethanol and Biodiesel 
economically viable in all 

cases

Net Present Values
46 to 173 MUSD for ethanol 
178 to 227 MUSD for biodiesel 

Internal rate of return 
12% to 16% for ethanol (molasses 
and sugar)
20% to 36% for biodiesel (fuel 
product) and byproducts (soybean 
meal).

*Preliminary estimative (Class 5)



Ethanol and Biodiesel minimum selling price

*Preliminary estimative (Class 5)
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Biofuels production in Argentina, Brazil, Colombia and Guatemala are 
energetically sustainable and contribute with significant reductions in 
GHG emissions;

Currently they are using 14.9 Mha of land for biofuels and if 5 % 
of their pasturelands is converted for bioenergy biofuels
production could duplicate;

Farming activities and natural gas utilization are 
responsible for the most significant portion of GHG 
emissions (70%) from biofuels; 

A low carbon intensity biofuels policy framework could be 
considered to estimulate biofuels production and reward 
the current low carbon energy effort that as is reducing 
63.8 MtonCO2eq a year;

Ethanol and Biodiesel are economically viable in all 
cases, and highly sensitive to feedstock prices;

Sugarcane ethanol from Brazil and soy biodiesel from 
Argentina have the highest exergetic efficiencies. 
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CONCLUSIONS
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CHP units bring the most inefficiencies and the highest 
CAPEX; oil extraction also needs improvement; use of 
straw and reduction of moisture could help.

The four countries sugarcane ethanol plants could be
exporting 25.9 TWh of electricity to the grid.
Ethanol plants that already have cogeneration units
could increase use of lignocellulosic materials (straw
and energy cane) considering their on-site availability to
increase efficiencies, income and reduce emissions.
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RECOMMENDATIONS

Portfolio diversification and new business models in 
the sugar and biofuel sectors (Biogas, CCUS, and C5/C6 
sugar uses for bioproducts can estimulate innovation).

Higher feedstock yields have large impacts on emissions
and can alleviate land demand; efforts on research focused 
on feedstock development and greening of farming should 
be intensified.

Integration of the environmental, thermodynamic and economic 
performances reinforces the decision-making process but for a 
complete sustainability assessment Social Aspects need 
including.
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