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Biofuel vs Petrofuel Life-Cycle
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Biofuel vs Petrofuel Life-Cycle

Whel-to-wheels Lifecicle Analisys (LCA)
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https://www.bing.com/videos/riverview/relatedvideo?q=video%20about%20biofuels%20and%20GHG%20emissions&mid=8627B2AB4861E47931EF8627B2AB4861E47931EF&ajaxhist=0
https://www.energy.gov/energysaver/articles/energy-101-video-feedstocks-biofuels-and-more

RENOVABIO

» Law 13.576/2017 - Brazilian National Biofuel Policy (RenovaBio) => Biofuels contributing to Brazilian energy security and the mitigation of
greenhouse gas emissions (GHG)

= One CBIO =1 ton of CO, eq avoided into the atmosphere

» Individual CBIOs targets for fuel distributors, proportional to their shares in the fossil fuel market

* To be eligible, the biomass processed in the plants cannot come from the areas where there has been suppression of native vegetation

RenovaBio Concept

o Investors (Individuals, g . .
National Target for | Enterprises, Funds etc.) Certification of
Emissions’ Reduction Biofuels’ Production
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https://www.gov.br/mme/pt-br/assuntos/secretarias/petroleo-gas-natural-e-biocombustiveis/renovabio-1/videos

BIOFUEL LIFE-CICLE
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Diferenca entre "etanol hidratado” e "etanol anidro e hidratado": No primeiro caso, refere-se aos processos de usinas que possuem apenas o
certificado para etanol hidratado e no outro caso, usinas que possuem ambos os certificados.

Microsoft Power Bl

Source: RENOVABIO (2023) EELUS


https://app.powerbi.com/view?r=eyJrIjoiMjVjNDcwYmEtZjU4Zi00ZmJmLTg2MWUtMjE5NTJmNjE3ZDNhIiwidCI6IjQ0OTlmNGZmLTI0YTYtNGI0Mi1iN2VmLTEyNGFmY2FkYzkxMyJ9

Biofuel vs Petrofuel Cycle Life-Cycle

GHG emissions Of main biOf“ElS in BraZil Potential Cutting on GHG emissions of
gCO,eq /M] main biofuels in Brazil
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Source: elaborated based on reference Cl parameters adopted Lei n° 13.576/2017, (2017),
Matsuura (2018)

GHG emissions of main petrofuels adopted in Law n° 13.576/17 - RENOVABIO)
Gasoline: 87.4 g CO, eq / MJ (Cavallet et al., 2016)
Diesel: 86.5 g CO, eq / MJ (GP2-USP, 2012)
Aviation kerosene: 87.5 g CO, eq / MJ (Jong. et al., 2017)

Average gasoline-diesel-Natural gas: 86.8 g CO, eq / MJ (GHG Protocol, 2012)
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Biodiesel production in Brazil
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Biofuel vs Petrofuel Cycle Life-Cycle

Average carbon intensity of biodiesel produced from different biomasses (g CO, eq / MJ)

 9COeq/MJ | sopem |_ram | Conon | useaiyingor_|_animaiiar _
20.59 15.91 59.78

4.28 428 428 428 428

1.39 1.39 1.39 1.39 1.39

0.44 0.44 0.44 0.44 0.44
. Total | 2670 | 2202 | 6589 | 611 | 611 |

' For the categories “Used Frying oil” and “Animal fat” the emission of agriculture and oil extraction is zero, because these are residual oils (or fat)
discarded by the production process of other products which those purpose is not the biodiesel production;
2 Based on data of 15 Biodiesel producers certified in RENOVABIO

Average emission of Biodiesel produced in Brazil (g CO,eq/ MJ)

Carbon intensity (g CO, eg
So bean 66% 26.70
m_ 24% 6.11

otherss | 8% 25.74

2% 22.02

BQzl ] 10000% | 2158

" Based on ANP (2023)
2 Based on data of 15 Biodiesel producers certified in RENOVABIO
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Biofuel vs Petrofuel Cycle Life-Cycle

Estimated diesel consumption, mandatory mixture of diesel in biodiesel, Carbon Intensity (Cl) of diesel blend and
avoided GHG emissions.

- Diesel consumption Biodiesel / Diesel Cl of pure Diesel| CI of Biodiesel | Cl of Diesel Blend | Avoided GHG emissions / year
Year

Billion liters _ gCoO,eq/MJ - 106t CO, eq.

m 65.94 11.5% 21.58 79.48 8.12% 16.32
m 68.90 13% 86.5 21.58 78.55 9.19% 19.28
“ 69.84 14% 86.5 21.58 77.94 9.90% 21.05
m 70.60 15% 86.5 21.58 77.32 10.61% 22.80
_ 70.54 15% 86.5 21.58 77.32 10.61% 22.78
m 70.47 15% 86.5 21.58 77.32 10.61% 22.75
“ 70.40 15% 86.5 21.58 77.32 10.61% 22.73
m 70.34 15% 21.58 77.32 10.61% 22.71
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Biofuel vs Petrofuel Cycle Life-Cycle

Light-duty vehicles energy matrix and the effects of ethanol in reducing GHG emissions

| cbm(milion) | MegaJoules (bilion) | Mega Joules (%) | Cl (g CO2eq/MJ

Gasoline 31.2 925.94 58% 87.40
Anydrous Ethanol (A) 11.8 351.22 30.17
Hidrated Etanol (H) 15.3 325.47 30.62
Total Ethanol (A + H) 27.1 676.69 42% 30.39
Total light vehicle fuel 1,602.63 100% 63.33

Current GHG emissions of Brazilian light-duty fleet

| _Emissions | milliontCO,eq/year Cl (g CO, eq / MJ
With ethanol 101.49 63.33
Whitout ethanol 140.07 87.40

Reduction promoted by ethanol ‘ 38.58 ‘ 28%

The use of ethanol and biodiesel in Brazil is responsible for cutting GHG emissions in almost 60 million tonnes

CO, eq. / year. As Brazil presents a total emission of around 1,500 million tonnes CO, eq. per year (MCTI,
2022), these biofuel are contributing for reducing around 4% of total GHG emissions in the country.
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Potential reduction on ethanol GHG emissions
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FS plans South America’s first
BECCS project at FS Lucas do
BECCS Rio Verde in Brazil

Bioenergy with Carbon

12 June 2021 by Bioenergy Infernational

Ca pt ure an d Sto ra ge In Brazil, FS Agrisolutions Industria de Biocombustiveis Ltda (FS) a joint
venture between Summit Brazil Renewables I LLC a subsidiary of Summit @ A®
Agricultural Group (SAG), and Tapajos Participacdes S.A (previously
Fiagril), has announced a project to implement Bioenergy with Carbon .

Capture and Storage (BECCS) at its FS Lucas do Rio Verde ethanol
biorefinery complex in the state of Mato Grosso (MT). The project would
be Brazil's, and South America's first BECCS project.
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https://www.google.com/search?q=BECCS+video&sca_esv=13e2e1758385c5e3&sca_upv=1&ei=8NGWZvHLKYrT1sQPw5-XoAg&ved=0ahUKEwjxg7unrayHAxWKqZUCHcPPBYQQ4dUDCA8&uact=5&oq=BECCS+video&gs_lp=Egxnd3Mtd2l6LXNlcnAiC0JFQ0NTIHZpZGVvMgYQABgWGB4yCBAAGIAEGKIESPMMUOgFWJ0LcAF4AZABAJgBnAGgAbsGqgEDMC42uAEDyAEA-AEBmAIHoALNBsICChAAGLADGNYEGEfCAg0QABiABBiwAxhDGIoFwgIOEAAYsAMY5AIY1gTYAQHCAhMQLhiABBiwAxhDGMgDGIoF2AECwgIZEC4YgAQYsAMY0QMYQxjHARjIAxiKBdgBAsICFhAuGIAEGLADGEMY1AIYyAMYigXYAQLCAgUQABiABMICBBAAGB7CAgcQABiABBgTwgIHEC4YgAQYE8ICChAAGBMYFhgKGB7CAggQABgTGBYYHpgDAIgGAZAGE7oGBggBEAEYCboGBggCEAEYCJIHAzEuNqAHvBM&sclient=gws-wiz-serp#fpstate=ive&vld=cid:3a665e33,vid:Y8-WX8K93Nc,st:0
https://www.google.com/search?q=Brazilian+biofuels&sca_esv=c920eb29a443c185&sca_upv=1&biw=1498&bih=739&tbm=vid&ei=xkhnZumLNtfT1sQPzabhwAw&udm=&ved=0ahUKEwjphvPx19GGAxXXqZUCHU1TGMgQ4dUDCA0&uact=5&oq=Brazilian+biofuels&gs_lp=Eg1nd3Mtd2l6LXZpZGVvIhJCcmF6aWxpYW4gYmlvZnVlbHMyBRAhGJ8FMgUQIRifBTIFECEYnwUyBRAhGJ8FMgUQIRifBTIFECEYnwUyBRAhGJ8FMgUQIRifBTIFECEYnwUyBRAhGJ8FSLMgUABYoh9wAHgAkAEAmAH3AaAB2h2qAQQyLTE3uAEDyAEA-AEBmAIRoAKNHsICCxAAGIAEGLEDGIMBwgIIEAAYgAQYsQPCAgUQABiABMICDhAAGIAEGLEDGIMBGIoFwgIKEAAYgAQYQxiKBcICBxAAGIAEGArCAhAQABiABBixAxiDARiKBRgKwgIGEAAYFhgewgIIEAAYgAQYogSYAwCSBwQyLTE3oAedWg&sclient=gws-wiz-video#fpstate=ive&vld=cid:92d0227c,vid:rlVukCEyJ8Y,st:0
https://www.bing.com/videos/riverview/relatedvideo?q=video%20about%20biofuels%20and%20GHG%20emissions&mid=5E7772476B52480F843D5E7772476B52480F843D&ajaxhist=0
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Source: [1] Castanheira et al. (2015) ; [2] Knoope et al. (2019); [3] Costa
(2021); [4] Cerri et al. (2017)
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The analisys of Land Use Change (LUC)

Carbon intensity range of Brazilian soybean biodiesel measured by different authors.
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RENOVABIO

The Renovabio program requires that the biomass has been produced in an area where deforestation has not
occurred
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FINAL REMARKS

"By blending water and minerals

from below with sunlight and CO,

from above, green plants link the
earth to the sky” (Fritjof Capra)

Image ®: Wikipedia
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