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Brazilian Biodiesel Program

Greenlec

B2 mandatory at Jan/2008 (850,000 ton/year)

B3 mandatory at Jul/2008 (1,300,000 ton/year)

& B4 mandatory at Jul/2009 (1,700,00 ton/year)

& e B5 mandatory at Jan/2010 (2013, originaly)

62 biodiesel plants working (> 3,000,000 ton/year, capacity)
e 35,000 gas stations providing B3

C O Some transportation companies using B20,B30 (More than
2,000 buses)

LOWER FEDERAL TAXES JUST FOR SOCIAL PROJECTS
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SOYBEAN BIODIESEL
(Output/Input Energy~ 3)*

*NREL (USA)  http://www.nrel.gov/docs/legosti/fy98/24089.pdf



Palm Biodiesel ~ 8*

*Ref: Lor, E.E.S. et al, World Bioenergy
http://www.svebio.se/attachments/33/295.pdf



Jatropha in Marginal Lands



Jatropha: Avoiding Desertification

Guantanamo < 300 mm/year

N\

12 ton food/ha !!
Intercropping



Nature 449, Oct 11 2007



Jatropha - Intercropping



Jatropha - Intercropping
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Main species: Dunaliela Salinas and Botryococcus. Brownii



Transesterification

L1 FA: fatty acid
Bl A: acohol
3 G: glycerol

Triglyceride  Alcohol Biodiesel Glycerol

Feedstock acidity have to be very low !



Transesterification vs.
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Oil Refining, pre-treatment before
transesterification

Vapor Acido fosférico Soda Caustica
Oleo \% l l Oleo
» » M1— | R1 " M2 »| R2
vegetal \I) — — Neutralizado
Vapor Soap Stock

H,O quente  Vapor

) Oleo

O|eO VS < _@: R3 < M3 »@4—
Umido

Seco 7 l —

Oleo Sabéo Vapor
Seco
Acido graxo destilado
Vapor r
Gordura
> » D1 » [ C3
animal N—

Vapor
Gordura neutra



Transesterification
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Transesterification
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EBITDA (US$ MM)

Margin/L



NPV (US$ MM)

Margin/L



Payback (years)

Margin/L



Heterogeneous Catalysis
Cleaner process

Zero soap production
Higher Selectivity
Catalyst is reusable
Cleaner Biodiesel

Cleaner Glycerol (99% against 75-80%)



1st Biodiesel Plant — Heterogeneous
Catalyst/Residual Feedstock
(Palm Fatty Acids)

Aranda et al; P10301103-8, 2003.

Patent: D. A. G.
D. A. G. Aranda et al, WO2004096962, 2004.



Hydroesterification

Industrial
Hydrolysis
(Known Process)

Fatty Acids
Esterification
(AGROPALMA)

O
5

Why don’t integrate both processes ???



Hydroesterification

(No acidity restriction in feedstock)

F
FA +3 .3 FA +
FA

Triglyceride Water Fatty Acid Glycerol
Fatty Acid Alcohol Biodiesel Water

Complete transformation of fatty material



Hydroesterification

Fatty material water
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Catalytic proc. development— supported by Molec. Modelling
Carneiro et al., Zinoviev, S.

Teses: Jussara Araujo, Layla Ledo, Luana Ledo e Ana Encarnacao



Reactive Distilation
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Hydroesterification plant — P. Grossa-PR

Empresa: USDA, 10 mil ton/ano



ydroesterification plant — P. Grossa



Hydroesterification plant — UNA-BA

Biobrax

60.000 ton/ano



Bio-Based Products

» Hydroesterification produces pure food
grade glycerol, able to produce...

Food Esters (mono and di-glycerides)

Glycerol + Alcohols -> Ethers (Mota, C. et al, Petrobras)
Plastics from Glycerol (Apesteqguia et al)

Hydrogen from Glycerol Reforming (low temp.

, low CO conc.),Dumesic et al, Apesteqguia et al,
Fornasiero et al.



Blo-Based Products

 H2 + Fatty acids -> Low Iodine number
Fatty Acids

e (known process, low pressure)

e H2 + Fatty acids -> Hydrocarbons
e (Neste Oll, Turku Univ, Medium pressure)

 H2 + Fatty acids -> Fatty alcohols
* (known process, high pressure)



Conclusions

 Hydroesterification Is able to process

fatty materials at any acidity (cheaper
feedstock)

Pure fatty acids are important
Intermediates to bio-based chemicals

Pure glycerol is a key raw material to
Hydrogen production at low temperature
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BIOREFINARIA
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BIOREFINARIA
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Thank you !

www.greentec-ufrj.com
www.biodieselbr.com/blog/donato/




