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T0P FIVE COUNTRIES

ANNUAL INVESTMENT / NET CAPACITY ADDITIONS / PRODUCTION IN 2014
1 2 3 4 5

Investment in renewable power and :
P China

fuels (not including hydro > 50 MW) United States ~ Japan United Kingdom = Germany

Iannv§ ?E@lzrg;%meggge POWET Burundi Kenya Honduras Jordan Uruguay

[l] Geothermal power capacity Kenya Turkey Indonesia Philippines ltaly

& Hydropower capacity China M_ Canada Turkey India
Solar PV capacity China Japan United States = United Kingdom = Germany
CSP capacity United States ~ India - - -

Wind power capacity China Germany United States MI_ India
Solar water heating capacity? China Turkey ﬂ India Germany

[J Biodiesel production United States Germany Indonesia Argentina

[ Fuel ethanol production United States M- China Canada Thailand

SOURCE: REN21- 2015



/[ Brazilian Biodiesel Program ]
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Estimativa Estimativa

Oleo diesel A 117 264 / 205 483 / 424

| Subtotal |V 462 /403  891/832

Total geral 323 742 /683  1.201/1.142

Maior déficit global

*Em mil b/d. Os dados em vermelho ndo consideram g entrada em operacdo do COMPERS

Fonte: ‘Cendrio Atual do Abastecimento de Combustiveis Automotivos no Brasil, ANP, Abril/2016’



FUTURO DO BIODIESEL
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4 Producao de Biodiesel 828
¥ Importacao de diesel
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Fonte: Ubrabio



BIODIESEL FEEDSTOCK PROFILE

20

B Oleo de Soja
B Gordura Bovina
B Oleo de Algodao

" Oleo de Fritura
B Outros

W Gordura de porco

B Outros materiais graxos

m Oleo de nabo-forrageiro

m Gordura de frango

m Acido graxo de 6leo de palma

0,07%wy 0,03%
0,03%

Fonte: ANP
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Ubrabio Dois veiculos de mesma poténcia

wepme=—  Gasolina vs. Diesel

Gasolina™"

Volvo S60 T4 Kinetic Sedan 4dr
Geartronic 6sp 2.0T [MY16]

$56,717 © or $206 Per WEEK* ©

O 2.0L, 140KW (Petrol - Premium ULP)
@ Sports Automatic
® 4Doors, 5 Seats

O ssuvwokm 1TTKM/L

Front Wheel Drive

com.au

" R
J

RedBook.com.au

Volvo S60 D4 Kinetic Sedan 4dr Adap
Geartronic 8sp 2.0DTT [MY16]

$58,487 © or $212 PER WEEK* ©

Q 2.0L, 140KW (Diesel)
@ Sports Automatic
® 4Doors, 5 Seats

© 4217100 km 24 km/L

Front Wheel Drive

Veiculo Diesel
40% mais
economico!

Comparado
com a Gasolina
Brasileira (E27),

a diferenca é
ainda maior

Fonte: RedBook.com.au



Economicidade dos Combustiveis
Emissoes de CO2/10 Km e Gasto em Reais/10 Km

Km/I

Gasolina ﬁ

RS 2,70

Biodiesel _

R5 1,24

e

R$1,27

Diesel 7|0 RGOS

RS 1,29

Fanol OB KECO5 )
| RS 2,94 |

km o 5 10 15 20 25 30

*Veiculo Sedan 1.5




Ub‘ra". ., (Quanto representa cada
mmneses  ONIDUS Utilizando B202

Um onibus urbano gasta em média 44 mil litros de diesel por ano
Se usar B20, isso representa uma reducao de:
18 ton de CO_/onibus por ano!

Equivale a plantar 132 novas arvores por ano !! Para cada 6nibus!!



Photosynthesis: 6CO, + 6H,0 + light > C;H,,04 + 60,

Power plant

Fuegas  —

Landfill

Sewage treatmen Cement factory

Waste NH,
Process H,0

Leachate

r 4

Clean air

Microalgae

Lipids

Carbohydrates

« Proteins —>

Feed
Fertilizers
Biofuels
Bioplastics

Clean water




MICROALGAS
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: ...also collected since
»+ centuries from natural blooms
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" (Abdulgader, Barsanti, Tredici, 2000)



“Raceways” ]
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Problems: Evaporation + Contamination
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Microalgae produced in Photobioreactors (UFRJ)
Lipids and Proteins: high production rates




[ Biomass: 200% growing/day ]




Buggypower - llha da Madeira




Photobioreactors with
Sunlight Concentrators

Sunlight Prisms
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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.




Algal lipids

Lipid Phase

Wet Protein
Meal

Aquous
Phase




Biorefinery Treatment for Algae Biomass

Anti-oxidantes and PU Fatty Acids (Omega 3, Omega 6)
USS 100 - 500/kg

2 Protein (human and animal feeding)

USS 1-1.2/kg

USS 1/kg

Esterification Hydrotreating

I |

Biojet fuel



Antioxidantes (USS +500/kg ) Omega 3 (USS$ 100/kg)
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AstaREAI.

Astaxanth

Multifunctional Anuoxndant

Dietary
Supplement

—

=

Lutema

Slﬁdo\wn

Naterals”

Lutein OPT
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Flor de Tag tesEecta

30 Capsulas

Acizi grasi polinesaturati Omega 3 EPA / DHA
Grupa Metil HyC

W—v:\/\/\/\/m
a-Linolenic acid (ALA; 18:3n-3)

H,C

COOH

N Vegan: |
N Omega-3

o Algae

DHA
“N e




ASTAXANTINA

R v R A _ Oleoresin
? g CO,-Extraction > 10 % Astaxanthin

Biomass

3 - 5 % Astaxanthin Spent Material

N < 0,1 % Astaxanthin
\

Oleoresin
~2 % Astaxanthin

- Q13
NATEGO.

Haematococcus Pluvias ) :




High Protein Concentration in Algae
(More than 60%)

PSR

Hydrolized Algae Powder Shrimp Farm
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Scheme 1. Reaction pathways of stearic acid conversion over 4% ReO,[TiO, catalyst.

Selective hydrogenation of fatty acids to alcohols over highly dispersed
ReO,/Ti0, catalyst

Bartosz Rozmystowicz ?, Alexey Kirilin ', Atte Aho?, Haresh Manyar®, Christopher Hardacre °,
Johan Wdrmna *, Tapio Salmi®, Dmitry Yu. Murzin **

‘ Journal of Catalysis 328 (2015) 197-207 |




PROCESSOS CAALiTICOS EM ESCALA PILOTO
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Processing microalgae: beyond lipids

Blofuels (2074 5(7.29-32

A potential source of algae oil, important especially for Finland
and the whole Baltic Sea region, could be surface aggregations of

blue-green algae in the sea area,

Dmitry Yu Murzin®', Paivi Miki-Arvela' & Donato AG Aranda®

Eoywonds CaOhyrate s ® el DOnats

The utilization of senewable raw matenials for produc
tsom of dicsel components is 3n important area, driven
in pare by regulsons. For example, the EU sims co
get 20% of its encrgy from remewable somrces by 2020,
incleding wind, welar and hydrockcrne powern, as well
as grothermal emcrgy and biomawn

According o the sustainable grewth scemario, 2 sig
nifcant paer of the fosmil fuel should be subsorured by
venewable sources, such as wood, grain and cahiceds 1)
However, the size of the plantations sequired foe the
curvent global wedld fucl comsumption can signmibcamly
endangere food peoduction. Theeefore, conventions | bio
foel feedmocks are moc sotally suitable for implementation
at 3 lasger scale 3nd new rencwable tomrces are needed.

Recently, algae were proposed 33 prombing semew
able feedmock wirh evidemtinl sdvanuges over dussical
raw macerials or fuel production 2« The biomass yield
from algac = five o ten tames higher compared wich
land Based planes 1, seaching 10-25 g dey biomaass per
day perm” in open pond eeacnens (4 and 20-100 g per day
perm’ in cdosed photobisrcactoes w1 Cultivation of algae
<an be dome withost compe tition with food production;
that is, using sonarable hod, sod brackish or seawarer.

Departmeort of Cherical Engreering Abo Aaderr Undvenity, 0500 Schogegetan 8. Turtu, friand
Departrment of Ohemintry, Fedenal Urvw nity of Ro de Llareo, Bio de Jarwiro, Beacd

“Aahor tor comesponcence [ mal cruregpaba

Fraty .

A porestial source of algae il importane especially
for Finland and the whole Baltic Sea segion, could be
susface sggregations of blue green slgac in the sea 2ees
While such sggregamions are still spaese inm the westem
Gulf of Fin land. they are extensive s the northerm Bal
tic Proper and the Gulf of Bothnis. Such problemanc
aggregations 3l appear arousnd the Alnd arnchipelage
The roral aver covered by blue greem algre is curvencly
above 350 thousand km’

Bluc green algae, like truce algac, make wp 3 portion
of the phyteplinkeon in many water bodies. How
even. blue green algae are genenlly nor caren by ather
aquanc organisms and, thes, are notan saportant part
of the food chain, which is the oppouste for true algae
(e g. green algac). Morcover. Baliic slgae can grow
semperatures around 4°C, which can have signifioane
wnpoctance if chis sechaology is 00 be applied in Finland
The growth raee of Bluc grees algae in the Finnnh Gelf
could be 1-3 g dry blomass perday perm’, giving algse
with 10-15% ligid comtent (30% of which is polyun
sacurated facty acade). Rough estamacions indicace that
from the Bluc green algac already persent in the Baluc
Sea. consudering 3 surface Bomass maxissum of 60 gfm”

0 © fonls @ Mpadh @ Mealr0oaiae © protews
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Renewable Energy 64 (2014) 113-122

Contents lists available at ScienceDirect
Renewable Energy

A

Renewable Energy

journal homepage: www.elsevier.com/locate/renene

Glycerol conversion in the experimental study of catalytic hydrolysis @Cmmﬂ(
of triglycerides for fatty acids production using Ni or Pd on Al,O3

or Si02

Gisel Chenard Diaz “, Neyda de la C. Om Tapanes®, Leoncio Diogenes T. Camara
Donato A.G. Aranda“

b, =

Catal. A
TG + H20 ——» Gly + FFAs
(unsat.)
Catal. A Vol.3, No.7, 530-534 (2011) Natural Science
G|y — H2 + CO2 http:/fdx.doi.org/10.4236/ns.2011.37074
c t I- . L L]
H2 + FFAs A FFAs Hydrolysis—Hydrogenation of soybean oil and tallow
(unsat.) fsat.) Gisel Chenard Diaz', Rodolfo Salazar Perez', Neyda de la Caridad Om Tapanesz, Donato
1 1
Fig. 2. Steps in the hydrolysis reaction of triglyceride (TG). Alexandre Gomes Aranda’, Angel Almarales Arceo




Catalysts

- N

25% Ni/Al,0,, 5%Pd/Al,0;, 5%Pt/Nb,O; 5%Re/Nb,O,
« O, (Sasol, 160 m?/g)

* Nb,O. (CBMM, 80 m?/g)

* Ni(NO;),, PdCl,, HReO4, H,PtCI,

* Wet Impregnation

\Calcination: 500 °C, 3h /




25% Ni/AlO,

Pre-reduced at 400 Cin H, for 2 h
10% catalyst (based on Algal oil)
Algal Oil/Water 1:1 (wt)
Temperature: 270 °C, P: 80 bar
Time: 3h

Conversion: 95%

Selectivity: 94% Saturated Fatty Acids
(Lubricants)




a

e Time: 3h

-

5% Pd/ALO,

* Pre-reducedat 400 Cin H2 for 2 h
* 10% catalyst (based on Algal oil)

* Algal Oil/Water 1:1 (wt)
 Temperature: 270 °C, P: 80 bar

* Conversion: 95%
e Selectivity: 30% Saturated Fatty Acids

64% Renewable Diesel

™

/




/ 5% Pt/Nb,O \

in H, for 2 h, Disp=42%

* 10% catalyst (based on Algal oil)
Algal Oil/Water 1:1 (wt)
 Temperature: 270 °C, P: 80 bar
 Time: 3h
* Conversion: 95%
* Selectivity: 30% Saturated Fatty Acids
. 44% Renewable Diesel

» 18% Fatty Alcohols

- /
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e Time: 3h

N

5% Pt/Nb,O:

in H, for 2 h, Disp=18%

* 10% catalyst (based on Algal oil)
Algal Oil/Water 1:1 (wt)
 Temperature: 270 °C, P: 80 bar

* Conversion: 89%
* Selectivity: 19% Saturated Fatty Acids

39% Renewable Diesel
» 35% Fatty Alcohols

™

/




/ 5% Re/Nb,Os \

in H, for 2 h, Disp=20%
* 10% catalyst (based on Algal oil)
* Algal Oil/Water 1:1 (wt)
* Temperature: 270 °C, P: 80 bar
* Time: 3h
* Conversion: 90%

e Selectivity: 9% Renewable Diesel
» 91% Fatty Alcohols

\_ %




After Reaction







SUMMARY: HYDROLYSIS — HVO PROCESSES

Oil =
+
water
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