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BIOFUELS BLENDING MANDATES IN EMERGING ECONOMIES —

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
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Nigeria Guatemala Thailand Peru
South Africa Mexico Argentina Uruguay
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What is the potential for expansion and is it —

sustainable?

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

ETHANOL BIODIESEL
Argentina, Argentina,
Brazil, Brazil,
Colombia, North Asia and Colombia, North Asia and
Guatemala America Oceania Europe Guatemala  America Oceania Europe
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Source: BP. Statistical Review of World Energy (2021), Ministerio de Aaricultura, Ganaderia v Pesca de Argentina (MAGyP) (2021), USDA. Global Agricultural Information Network (CAIN) (2021).
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BIOFUELS PRODUCTION \

ETHANOL
(2019) Million liters
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BIOFUELS PRODUCTION

BIODIESEL
(2019) Million liters

st ARGENTINA BRAZIL s COLOMBIA
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e S il Soy oil and 4%« Crude palm oil and
ST 2oV = animal fat (tallow) used cooking oil
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GHG EMISSIONS - Ethanol compared dogasoline\\

PATHWAYS FOR ETHANOL PRODUCTION
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GHG EMISSIONS - Biodiesel compared do diesel

ARG ‘ 79% PATHWAYS FOR BIODIESEL PRODUCTION
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SOIL CARBON STOCKS\
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2 - 3 years

Argentina = 4.5% of Pastureland

Brazil = 6.4% of Pastureland
To duplicate the liquid biofuels Production... _
Colombia = 0.2% of Pastureland

Guatemala = 10% of Pastureland (only ethanol)

Cherubin et al., 2022



1 ton CO2 at USS 10 = USS 630 million

ADOPTING A LOW CARBON INTENSITY POLICY

GHG GHG Emissions avoided by
Annual emissions emissions replacing gasoline by Value of
Scenarios | Production | ethanol Gasoline’ ethanol (CBIO)? CBIOs issued
(BillionL) | (GgCO, eq) | (Gg CO, eq) Million tons | (Million USS)*
(%) CO,e
2€q
Argentina? 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
GHG GHG Emissions avoided by
Annual emissions emissions replacing diesel by | value of CBIOs
Scenarios | Production | Biodiesel Diesel* biodiesel? issued
(BillionL) | (GgCO,eq) | (Gg CO, eq) Million | (Million USS)3
(%)
tons CO,eq
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 =
100%

INPUTS AGROINDUSTRIAL SYSTEM
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Exergy flows for the ethanol production

BIOMASS: 726 MW
BAGASSE: 338 MW

2 ELECTRICITY: 53 MW
] Electricity_Process: 9 MW

team: 167 MW

Electricity_Extraction: 8 MW
ETHANOL: 253 MW
Exergy_destruction_CHP: 101 MW

JUICE: 310 MW

Exergy_destruction_|: 86 MW

SUGAR: 158 MW

Filter Cake: 37 MW
Vinasse: 26 MW

Exergy_destruction_Process: 12 MW/

Bioethanol in Brazil
Exergy efficiencies for the ethanol processes
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Il BIOMASS

I Exergy_destruction_|
B SUGAR

N ETHANOL

W ELECTRICITY

B BAGASSE

m JUICE

W Electricity_Extraction

B Electricity_Process

W Steam

W Exergy_destruction_CHP
W Filter Cake

M Vinasse

B Exergy_destruction_Process

Cogeneration exhibits the highest irreversibility rates > sub-system with the most significant

area for improvement
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Exergy flows for the biodiesel production \

Soybean meal: 1281 MW

B Soybean
B Exergy destruction_|
B Biodiesel
MW Glycerin
Bl Soybean meal
. Oil
W Electricity_|
W Firewood_|
W Exergy destruction_lI
I Refined oil
W Firewood_|l
W Electricity_|l
B Firewood_lll
B Electricity_lll
Exergy destruction_lll

Soybean: 2213 MW

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
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Electricity_|. 64 MW Firewood_ll: 78 MW Firewood_lll: 128 MW
Electricity_lll: 2 MW

Firewood_|: 596 MW
Electricity_Il: 4 MW

Biodiesel: 537 MW

Refining | " Transesterification

Oil: 624 MW - T < Refined 0il:612 MW ™~

Glycerin: 34 MW

Exergy destruction_|: 968 MW Exergy destruction_II: 94 MW Exergy destruction_IIl: 171 MW
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Ethanol and Biodiesel 200 18%

° ° . 16%

economically viable in all - ’\’\___‘ 14%
10% 2
= 100 E
; 8% e

Net Present Values = 6%

46 to 173 MUSD for ethanol 50 o

178 to 227 MUSD for biodiesel i z

(A) E1G-BRA E1G - ARG E1G - ARG E1G-COL E1G -GUA
Internal rate of return (cane)  (com)

12% to 16% for ethanol (molasses 250 40%

and sugar) - 35%

20% to 36% for biodiesel (fuel _ 30%
product) and byproducts (soybean 2 150 25% <
meal). =3 20% o
§ 100 15% &

10%

50
5%
0 0%
BD - BRA BD - ARG BD - COL
(B) B \PV =—o=IRR

*Preliminary estimative (Class 5)
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Ethanol and Biodiesel minimum selling price
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(CANE) (CORN)
I VISP Profit margin Gasoline max. price*

= = Gasoline min. price* Diesel max. price* = = Diesel min. price*

*Preliminary estimative (Class 5)



CONCLUSIONS

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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RECOMMENDATIONS

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

CHP units bring the most inefficiencies and the highest
CAPEX; oil extraction also needs improvement; use of
straw and reduction of moisture could help.

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

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.

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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