
BIORREFINARIA	DE	MICROALGAS

Prof. Donato Aranda,
Lab Tecnologias Verdes, Greentec
UNIVERSIDADE FEDERAL DO
RIO DE JANEIRO - BRASIL

Campinas,	Setembro 2016



SOURCE:	REN21	- 2015



7%
6%

5%
4%

2% 2%
3%

2005
2007

Jan.
2008

Jul.
2008

Jul.
2009

Jan.
2010

Jul.
2014

Nov.
2014

8

Brazilian Biodiesel	Program





15	BI 28	BI

Fonte:	‘Cenário	Atual	do	Abastecimento	de	Combustíveis	Automotivos	no	Brasil,	ANP,	Abril/2016’
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Economicidade	dos	Combustíveis	
Emissões	de	CO2/10	Km	e	Gasto	em	Reais/10	Km







MICROALGAS



“Raceways”

Problems: Evaporation + Contamination



Microalgae produced in Photobioreactors (UFRJ)
Lipids and Proteins: high production rates



Biomass:	200%	growing/day

1st	Day 2nd	Day

3rd	Day	8	AM 3rd	Day	2	PM



Buggypower – Ilha	da	Madeira



Photobioreactorswith
Sunlight Concentrators

PBR	with	sunlight	concentrator

Sunlight	Prisms

Fresnel	Lens



Optical Fibers



30	Liters System



Concentrated Biomass

Wet Biomass
Monoraphidium sp. (MORF-1)	

Wet Biomass
Chlamydomonas sp.



Lipid Extraction

Milk	Homogenizer
Pressure	Pulses:	100	bar
Room	Temperature.
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Algal lipids

Lipid	Phase

Wet	Protein
Meal

Aquous	
Phase



Biorefinery Treatment for	Algae Biomass

Algas

Anti-oxidantes	and	PU	Fatty	Acids	(Omega	3,	Omega	6)

Lipids

Protein	(human	and	animal	feeding)

Esterification Hydrotreating

Biodiesel

US$	100	– 500/kg

US$	1-1.2/kg

US$	1/kg

0.5-2%

40-60%

10-40%



Antioxidantes	(US$	+500/kg	)				Ômega	3	(US$	100/kg)



ASTAXANTINA

Haematococcus Pluvias



High	Protein Concentration in	Algae
(More	than 60%)

Hydrolized Algae Powder Shrimp Farm





PROCESSOS	CATALÍTICOS	EM	ESCALA	PILOTO	







Catalysts

25%	Ni/Al2O3,	5%Pd/Al2O3,	5%Pt/Nb2O5, 5%Re/Nb2O5

• g-Al2O3 (Sasol,	160	m2/g)
• Nb2O5 (CBMM,	80	m2/g)
• Ni(NO3)2,	PdCl2,	HReO4,	H2PtCl6
• Wet Impregnation
• Calcination:	500	oC,	3h



• Pre-reduced at 400	C	in	H2 for	2	h
• 10%	catalyst (based on Algal oil)
• Algal Oil/Water 1:1	(wt)
• Temperature:	270	oC,	P:	80	bar
• Time:	3h
• Conversion:	95%
• Selectivity:	94%	Saturated Fatty Acids
(Lubricants)



• Pre-reduced	at	400	C	in	H2	for	2	h
• 10%	catalyst	(based	on	Algal	oil)
• Algal	Oil/Water	1:1	(wt)
• Temperature:	270	oC,	P:	80	bar
• Time:	3h
• Conversion:	95%
• Selectivity:	30%	Saturated	Fatty	Acids
• 64%	Renewable	Diesel



• Pre-reduced	at	300	oC	in	H2 for	2	h,	Disp=42%
• 10%	catalyst	(based	on	Algal	oil)
• Algal	Oil/Water	1:1	(wt)
• Temperature:	270	oC,	P:	80	bar
• Time:	3h
• Conversion:	95%
• Selectivity:	30%	Saturated	Fatty	Acids
• 44%	Renewable	Diesel

» 18%	Fatty	Alcohols



• Pre-reduced	at	400	oC	in	H2 for	2	h	,	Disp=18%
• 10%	catalyst	(based	on	Algal	oil)
• Algal	Oil/Water	1:1	(wt)
• Temperature:	270	oC,	P:	80	bar
• Time:	3h
• Conversion:	89%
• Selectivity:	19%	Saturated	Fatty	Acids
• 39%	Renewable	Diesel

» 35%	Fatty	Alcohols



• Pre-reduced	at	400	oC	in	H2 for	2	h	,	Disp=20%
• 10%	catalyst	(based	on	Algal	oil)
• Algal	Oil/Water	1:1	(wt)
• Temperature:	270	oC,	P:	80	bar
• Time:	3h
• Conversion:	90%
• Selectivity:	9%	Renewable	Diesel

» 91%	Fatty	Alcohols



After Reaction



After Filtering



SUMMARY:	HYDROLYSIS	– HVO	PROCESSES

Oil
+
water


