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CountryCountry PrimaryPrimary energyenergy
supplysupply (TEP)(TEP)

RenewableRenewable
energyenergy (TEP)(TEP)

RenewableRenewable
energyenergy (%)(%)

ArgentinaArgentina 57.657.6 6.26.2 10.810.8

AustraliaAustralia 115.6115.6 6.66.6 5.75.7

BrazilBrazil 185.1185.1 82.782.7 44.744.7

FranceFrance 265.6265.6 18.618.6 7.07.0

GermanyGermany 351.1351.1 9.29.2 2.62.6

UnitedUnited KingdomKingdom 235.2235.2 2.52.5 1.11.1

USAUSA 2,281.42,281.4 99.199.1 4.34.3

WorldWorld 10,038.310,038.3 1,331.91,331.9 13.313.3
SourceSource: : AdaptatedAdaptated fromfrom MAPA (2005) MAPA (2005) andand EPE/MME (2006) EPE/MME (2006) –– http://www.epe.gov.brhttp://www.epe.gov.br

WorldWorld supplysupply of of energyenergy

BrazilianBrazilian energyenergy matrixmatrix is is oneone of of thethe ““cleanestcleanest”” in in thethe worldworld. . Data Data fromfrom BalanBalançço Energo Energéético tico 
NacionalNacional (BEN(BEN--2007), 2007), releasedreleased onon MayMay 08, 2008,08, 2008, indicateindicate thatthat sugar sugar canecane (16% of (16% of thethe energyenergy
matrixmatrix) ) overcomeovercome hydoelectrichydoelectric energyenergy (14.7% of (14.7% of thethe energyenergy matrixmatrix)) as a as a sourcesource of of energyenergy in in 
BrazilBrazil, , belowbelow oiloil andand itsits derivativesderivatives onlyonly (37.8% of (37.8% of thethe BrazilianBrazilian energyenergy matrixmatrix).).

80 80 largelarge hydroelectrichydroelectric andand
47 47 smallsmall onesones
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PetroleumPetroleum worldworld demanddemand

2009: US$ 61.002009: US$ 61.00
2015: US$ 110.002015: US$ 110.00
2030: US$ 130.002030: US$ 130.00
WorldWorld oiloil marketmarket byby
2030: 2030: ≈≈ US$ 400 US$ 400 
trilliontrillion
A A significantsignificant partpart of of 
thisthis amountamount willwill bebe
replacedreplaced withwith biofuelsbiofuels

ProjectionsProjections for for worldworld
oiloil pricesprices ((barrelbarrel))
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PARADIGM SHIFT 
RETHINK OUR ENERGY MATRIX AND 

FEEDSTOCK SOURCES

DIVERSIFY THE USE OF SUCH RESOURCES

SEARCH FOR ALTERNATIVE AND RENEWABLE 
RESOURCES LESS POLLUTANT

REDUCE OUR DEPENDENCY ON FOSSIL 
SOURCES



WhyWhy usingusing biomassbiomass
to to replacereplace fossilfossil

sourcessources of of energyenergy??BiomassBiomass

OrganicOrganic mattermatter fromfrom vegetalvegetal oror animal animal sourcessources
OriginOrigin directdirect oror indirectindirect fromfrom photosynthesisphotosynthesis
RenewableRenewable

Natural Natural biomassbiomass

FoodFood biomassbiomass

Residual Residual biomassbiomass

BiomassBiomass fromfrom energeticenergetic cultivationcultivation

PlantPlant biomassbiomass

WaterWater

StarchStarch

CELLULOSECELLULOSE

SugarSugar

COCO22
LightLight

OO22



OneOne of of thethe greatestgreatest biomassbiomass potentialpotential onon EarthEarth

LargeLarge areasareas still still avilableavilable to to energyenergy agricultureagriculture

IntenseIntense solar solar radiationradiation

DiversityDiversity of of climateclimate

LuxuriantLuxuriant biodiversitybiodiversity

AbundanceAbundance of of waterwater

PioneeringPioneering role in role in largelarge scalescale biofuelbiofuel

productionproduction -- ethanolethanol

HighHigh creationcreation of of jobsjobs

ResourcesResources fromfrom internationalinternational carboncarbon marketmarket

AdvantagesAdvantages of of BrazilBrazil
to use to use biomassbiomass



SugarcaneSugarcane is is 
a a historyhistory of of 
greatgreat successsuccess
in in BrazilBrazil



SugarcaneSugarcane plantationplantation in in centercenter--southsouth
regionregion of of BrazilBrazil

LAND OCCUPATION AND AVAILABLE AREA LAND OCCUPATION AND AVAILABLE AREA 
““WITHOUT IMPACTWITHOUT IMPACT””

Source: Cortez (2006)

Cultivars/land occupationCultivars/land occupation
Area Area 

(million (million 
ha)ha)

CaneCane 66

SoyaSoya 2020

CornCorn 1313

Planted woodPlanted wood 6.66.6

PasturePasture 150150

Available area without impactAvailable area without impact 100100--150150

Cultivated areaCultivated area 6363

Brazil Brazil –– total areatotal area 855855

(9.5%)

It would be possible to substitute, It would be possible to substitute, 
today, the world demand of gasoline      today, the world demand of gasoline      
(4x10(4x1099 liters daily);liters daily);

It would be avoided net COIt would be avoided net CO22 emissions emissions 
of  1.8x10of  1.8x1099 to 2.7x10to 2.7x109 9 ton/year.ton/year.
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SourcesSources: : Fairbanks (2005);Fairbanks (2005); MAPA (2007); Gazeta Mercantil (mar 2007); MAPA (2007); Gazeta Mercantil (mar 2007); WorldWorld EthanolEthanol & & BiofuelBiofuel ReportReport (Jan 2007) (Jan 2007) 
e MAPA (2008)e MAPA (2008)
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BrazilianBrazilian andand AmericanAmerican
productionproduction of of ethanolethanol

BrazilBrazil: 363 : 363 distilleriesdistilleries + + 
86 in 86 in constructionconstruction

USA: 101 USA: 101 distilleriesdistilleries + 30 + 30 
new new unitsunits ((biorefinerybiorefinery))

ProductionProduction 2007:2007:
((billionsbillions of of litreslitres))

BrazilBrazil: 21.90: 21.90
USA: 24.55USA: 24.55



TheThe use of use of bioethanolbioethanol in in BrazilBrazil

CurrentlyCurrently, 97% of , 97% of thethe carscars
soldsold in in BrazilBrazil are are flexflex fuelfuel: : 
enginesengines workwork withwith bothboth
gasolinegasoline andand bioethanolbioethanol
Volkswagen Volkswagen createdcreated thethe 1st 1st 
flexflex fuelfuel engineengine in in BrazilBrazil in in 
20032003
In In additionaddition, , gasolinegasoline hashas a a 
blendblend of 25% of 25% bioethanolbioethanol
((andand boethanolboethanol hashas 15% 15% 
gasolinegasoline))
TheThe consumptionconsumption of of 
ethanolethanol is is greatergreater thanthan
gasolinegasoline in in BrazilBrazil



PlantsPlants as as biomassbiomass sourcessources for for biodieselbiodiesel

Rudolf Diesel (1858Rudolf Diesel (1858--1913)1913)

““The Diesel engine can be The Diesel engine can be 
fed with vegetable oils and fed with vegetable oils and 
would help considerably the would help considerably the 
agriculture of countries agriculture of countries 
which use itwhich use it”” (1911)(1911)

““The use of vegetable oils The use of vegetable oils 
for engine fuels may seem for engine fuels may seem 
insignificant today. But such insignificant today. But such 
oils may become in course oils may become in course 
of time as important as of time as important as 
petroleum and the coal petroleum and the coal 
products of the present products of the present 
timetime”” (1912)(1912)
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PlantsPlants as as biomassbiomass sourcessources for for biodieselbiodiesel
ThereThere are are manymany sourcessources for for biodieselbiodiesel

productionproduction

A A babassubabassu treetree ((OrbignyaOrbignya phalerataphalerata) ) 
andand itsits frutsfruts

JatrophaJatropha ((JatrophaJatropha curcascurcas))

SoybeansSoybeans ––
78% of 78% of 
BrazilBrazil’’s s 
biodieselbiodiesel



PlantsPlants as as sourcessources for for biodieselbiodiesel

ExtractionExtraction –– chushingchushing andand use of use of hexanehexane

TransesterificationTransesterification

CatalysedCatalysed byby anan acidacid, a base , a base oror byby enzymesenzymes

((lipaseslipases))

MethanolMethanol oror ethanolethanol ((ethanolethanol is is cheapercheaper in in 

BrazilBrazil, , butbut lessless efficientefficient))

RemotionRemotion of of glyceringlycerin reducesreduces viscosityviscosity

ThisThis techniquetechnique is is knownknown sincesince thethe 19501950’’ss

BiodieselBiodiesel is is washedwashed to remove to remove thethe excessexcess of of 

alcoholalcohol andand glyceringlycerin
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Castor Sunflower Soyben Palm Cotton

Mean productivity (kg/ha)
1,500                    1,500                 3,000 20,000                3,000

Oil yield (kg/ha)
705 630 540                   4,000                 450

Production of plant oil in 2005 - Brazil (m3)
90,000 23,000 5,600,000           151,000 315,000

Oil content
47%                       42% 18%                   20%                  15%   

OilyOily plantsplants for for biodieselbiodiesel productionproduction in in BrazilBrazil



ProductivityProductivity of of oilyoily plantsplants to to produceproduce biodieselbiodiesel
PlantPlant Cost of Cost of 

production production 
(R$/ha)(R$/ha)

Productivity of Productivity of 
grains (kg/ha)grains (kg/ha)

Oil in the Oil in the 
grains (%)grains (%)

Productivity of Productivity of 
oil (l /ha/oil (l /ha/anoano))

Peanuts Peanuts 
((ArachisArachis hypogaeahypogaea))

3,000.003,000.00 2.7002.700 40 40 -- 4343 1,2151,215

Palm oilPalm oil
((ElaeisElaeis guineensisguineensis))

2,100.002,100.00 20.00020.000 2222 4,4004,400

Sunflower Sunflower 
((Helianthus Helianthus annuusannuus))

1,100.001,100.00 2.0002.000 38 38 -- 4848 630630--900900

Castor Castor oiloil plantplant
((RicinusRicinus communiscommunis))

650.00650.00 500500 45 45 -- 5050 240240--705705

Soybean Soybean 
((GlycineGlycine maxmax))

1,300.001,300.00 3.0003.000 1818 440440--600600



NationalNational ProgramProgram of of ProductionProduction
andand use of use of BiodieselBiodiesel

NationalNational ProgramProgram thatthat
stimulatesstimulates thethe productionproduction of of 
biodieselbiodiesel, , createdcreated in 2004in 2004--
20052005
BrazilBrazil is is ableable to to produceproduce 4.3 4.3 
billionbillion litreslitres of of biodieselbiodiesel a a 
yearyear, , butbut onlyonly 1.75 1.75 billionbillion
litreslitres willwill bebe usedused in 2009in 2009
ThereThere are 55 are 55 plantplant productionproduction
of of biodieselbiodiesel countrywidecountrywide
CurrentlyCurrently, a , a blendblend of 4% of of 4% of 
biodieselbiodiesel in in addedadded to diesel (it to diesel (it 
willwill bebe increasedincreased to 5% to 5% onon
JanuaryJanuary 1st)1st)

BrasilBrasil EcodieselEcodiesel, in , in FlorianoFloriano ((PiauPiauíí State) State) 
produces 100 ton a dayproduces 100 ton a day

http://www.biodiesel.gov.br/index_arquivos/index_centro.htm


BrazilBrazil is is increasingincreasing thethe use of use of biodieselbiodiesel
TheThe NationalNational ProgramProgram of of 
ProductionProduction andand Use of Use of BiodieselBiodiesel
is is stimulatingstimulating thethe productionproduction of of 
newnew plantplant sourcessources for for biodieselbiodiesel
productionproduction
EachEach newnew sourcesource is is addedadded to to 
thethe networknetwork of of productionproduction andand
distributiondistribution of biodiesel in the of biodiesel in the 
country, controlled by the country, controlled by the 
National Agency of Oil, NaturalNational Agency of Oil, Natural
GasGas andand BiofuelsBiofuels

CurrentlyCurrently, , microalgaemicroalgae are are 
consideredconsidered a a promisingpromising
sourcesource for for biodieselbiodiesel prouctonproucton
byby thethe federal federal governmentgovernment

CultivationCultivation of of ArthrospiraArthrospira platensisplatensis at Fundaat Fundaççãoão
Universidade Federal do Rio Grande, Rio Grande Universidade Federal do Rio Grande, Rio Grande -- RSRS
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MicroalgaeMicroalgae for for biofuelsbiofuels: : sciencescience fictionfiction??

NotNot at at allall!!!!!!



AgricultureAgriculture X X 
aquacultureaquaculture

Aquatic species, Aquatic species, 
including microalgae,  including microalgae,  
are under are under 
domesticationdomestication
Ca.Ca. 97% of the 430 97% of the 430 
aquatic species aquatic species 
commercially used at commercially used at 
the present were the present were 
domesticated domesticated 
throughout 20th throughout 20th 
centurycentury
Ca.Ca. 90% of land 90% of land 
plants currently used plants currently used 
in agriculture were in agriculture were 
domesticated 2,000 domesticated 2,000 
years ago (Duarte years ago (Duarte et et 
al.al., 2007), 2007)
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AdvantagesAdvantages of of microalgaemicroalgae
TheThe hugehuge potentialpotential
of of microalgemicroalge to to 
generategenerate biofuelsbiofuels is is 
recognizedrecognized sincesince thethe
pionneeringpionneering studiesstudies
of of HiroshiHiroshi TamiyaTamiya
(1903(1903--1984), in 1984), in 
JapanJapan, in , in thethe 19501950’’ss

TanksTanks andand pondsponds, open , open systemssystems PhotobioreactorsPhotobioreactors, , closedclosed systemssystems



AquaticAquatic SpeciesSpecies
ProgramProgram -- NRELNREL

A A largelarge screeningscreening programprogram
to to searchsearch for for suitablesuitable algalalgal
speciesspecies for biodieselfor biodiesel
RunRun byby thethe NationalNational
RenewableRenewable EnergyEnergy
LaboratoryLaboratory (US (US DepartmentDepartment
of of EnergyEnergy) ) fromfrom 1978 1978 --
19961996
TheThe final final reportreport (1998) (1998) 
pointedpointed thatthat biodieselbiodiesel fromfrom
algaealgae is is technicallytechnically feasiblefeasible, , 
butbut economicallyeconomically unsuitableunsuitable
at at thatthat time (time (oiloil barrelbarrel ≈≈
US$ 15.00)US$ 15.00)
NowNow NREL NREL runsruns manymany otherother
researchresearch programsprograms createdcreated
afterafter ASPASP
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EverybodyEverybody wantswants microalgaemicroalgae......
Shell Co. Shell Co. createdcreated anan
experimental experimental pilotpilot--
plantplant to to produceproduce
biofuelsbiofuels fromfrom
microalgaemicroalgae in Hawaii in Hawaii 
(USA) in 2007(USA) in 2007
CyanotechCyanotech, a , a HawaiiHawaii--
basedbased companycompany withwith
traditiontradition withwith
ArthrospiraArthrospira andand
HaematococcusHaematococcus
productionproduction, is , is alsoalso
investingininvestingin microalgaemicroalgae
biofuelsbiofuels
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TheThe world'sworld's biggestbiggest publiclypublicly fundedfunded
projectproject to to makemake transporttransport fuelsfuels fromfrom
algaealgae willwill bebe launchedlaunched todaytoday ((OctoberOctober
23rd, 2008) 23rd, 2008) byby a a governmentgovernment agencyagency
whichwhich developsdevelops lowlow--carboncarbon
technologiestechnologies
TheThe CarbonCarbon TrustTrust announcedannounced a a projectproject
to to makemake algalalgal biofuelbiofuel a a commercialcommercial
realityreality byby 20202020
TheThe planplan couldcould seesee upup to to ££26m26m spentspent
onon developingdeveloping thethe technologytechnology andand
infrastructureinfrastructure to to ensureensure thatthat algalalgal
biofuelsbiofuels replacereplace a a signficantsignficant proportionproportion
of of thethe fossilfossil fuelsfuels usedused byby UK UK driversdrivers
TransportTransport accountsaccounts for for oneone--quarterquarter of of 
thethe UK's UK's carboncarbon emissionsemissions andand is is thethe
fastestfastest growinggrowing sectorsector
FindingFinding carboncarbon--neutralneutral fuelsfuels willwill bebe
crucial to crucial to thethe governmentgovernment meeting meeting itsits
targettarget to to reducereduce overall overall emissionsemissions byby
80% 80% byby 20502050

EverybodyEverybody wantswants microalgaemicroalgae......
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EverybodyEverybody wantswants microalgaemicroalgae......
LastLast July 15th, July 15th, ExxonMobilExxonMobil
announcedannounced a US$ 600 a US$ 600 millionmillion
budget for budget for algalalgal biofuelbiofuel researchresearch
(2009(2009--2013) 2013) 

Some US$ 300 Some US$ 300 millionmillion go to go to 
SyntheticSynthetic GenomicsGenomics, a J. , a J. CraigCraig
VenterVenter companycompany locatedlocated in San in San 
DiegoDiego

PetroAlgaePetroAlgae is is involvedinvolved withwith thisthis
initiativeinitiative
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