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PARADIGM SHIFT 
RETHINK OUR ENERGY MATRIX AND 

FEEDSTOCK SOURCES

SEARCH FOR ALTERNATIVE AND RENEWABLE 
SOURCES LESS POLLUTANT

DIVERSIFY THEIR USE

SOURCES LESS POLLUTANT

REDUCE OUR DEPENDENCY ON FOSSIL 
SOURCES



Renewable % Non-renewable %

Hydropower 14.4 petroleum 39,1

Sugar cane 13.5 Natural gas 8.9

Source Share of Primary Energy in Brazil (2005) 

Wood and vegetal coal 13.2 Mineral coal 6.7

Others 2.7 Nuclear 1.5

Total 43.9
.

56.1

Fonte: BEN/MME

THE COUNTRY HAS ONE OF THE CLEANEST THE COUNTRY HAS ONE OF THE CLEANEST 
ENERGY MATRIX IN THE WORLDENERGY MATRIX IN THE WORLD



The Brazilian Context

BIOMASS is an attractive candidate as anBIOMASS is an attractive candidate as an
alternative to petroleum, since:

� The only abundant source of renewable carbon;

� Lower CO2 footprint than petroleum;

� Domestically available.



What are Biomasses and Why to What are Biomasses and Why to 
use them in substitution and/or use them in substitution and/or 
in association to fossil sources ?in association to fossil sources ?

WATERWATER

STARCHSTARCH

CELLULOSECELLULOSE

SUGARSUGAR

COCO22
LIGHTLIGHT

OO22

�� ORGANICORGANIC MATTERMATTER fromfrom PLANTPLANT oror ANIMALANIMAL sourcessources;;
�� DirectDirect oror indirectindirect originorigin fromfrom thethe PHOTOSYNTHESISPHOTOSYNTHESIS PROCESSPROCESS;;
�� TheyThey areare RENEWABLERENEWABLE..

�� NaturalNatural BiomassBiomass

�� FoodFood BiomassBiomass

�� EnergeticEnergetic PlantationPlantation BiomassBiomass

�� ResidualResidual BiomassBiomass

Plant BiomassPlant Biomass



Plant BiomassesPlant Biomasses

SUGARY LIGNOCELLULOSICSTARCHY

STARCH CELLULOSE HEMICELLULOSESUCROSE

CARBOHYDRATESCARBOHYDRATES
==STARCH CELLULOSE HEMICELLULOSESUCROSE

XYLOSEXYLOSE MANNOSEMANNOSE

ARABINOSEARABINOSE

FRUCTOSEFRUCTOSE GLUCOSEGLUCOSE

==
SUGARSSUGARS

==
SACCHARIDESSACCHARIDESGALACTOSEGALACTOSE



Corn Corn 
cobscobs

Wheat Wheat 
strawstraw

Rice Rice 
strawstraw

Sugar Sugar 
cane cane 

bagassebagasse

Cotton Cotton 
seedseed

NewspaperNewspaper Urban Urban 
residuesresidues

Carbohydrate  (%)Carbohydrate  (%)

Glucose Glucose 39.039.0 36.636.6 41.041.0 38.138.1 20.020.0 64.464.4 40.040.0

Mannose Mannose 0.30.3 0.80.8 1.81.8 n.d.n.d. 4.14.1 16.616.6 8.08.0

Composition of Some Composition of Some 
Lignocellulosic ResiduesLignocellulosic Residues

Mannose Mannose 0.30.3 0.80.8 1.81.8 n.d.n.d. 4.14.1 16.616.6 8.08.0

Galactose Galactose 0.80.8 4.44.4 0.40.4 1.11.1 0.10.1 n.d.n.d. n.d.n.d.

Xylose Xylose 14.814.8 19.219.2 14.814.8 24.324.3 4.64.6 4.64.6 14.014.0

ArabinoseArabinose 4.24.2 4.44.4 4.54.5 4.54.5 4.34.3 0.50.5 4.04.0

NonNon--carbohydrate (%)carbohydrate (%)

LigninLignin 15.115.1 14.514.5 9.99.9 18.418.4 17.617.6 21.021.0 20.020.0

AshesAshes 4.34.3 9.69.6 4.44.4 4.84.8 14.814.8 0.40.4 1.01.0

ProteinsProteins 4.04.0 4.04.0 n.d.n.d. 4.04.0 4.04.0 n.d.n.d. n.d.n.d.

Source: Lee (1997)Source: Lee (1997)
~ 70% carbohydrate



SUGAR STARCH LIGNOCELLULOSE

PRETREATMENT
Juice Extraction 

PRETREATMENT
Starch solubilization 

STARCH
HYDROLYSIS 

RESIDUE
Animal 
feeding

RESIDUE

xylose
arabinose
galactoseco

TECHNOLOGIES FOR ETHANOL PRODUCTION
FROM BIOMASSES

PRETREATMENT:
EXTRACTION/ 
HEMICELLULOSE
HYDROLYSIS 

11stst

GenerationGeneration
22nd nd 

GenerationGeneration
FERMENTATION

• BATCH
• FED BATCH

• CONTINUOUS

PRODUCT SEPARATION/ 
PURIFICATION

• DISTILLATION
• SOLVENT EXTRATION
• ADSORPTION 

CELLULOSE
HYDROLYSIS 

HYDROLYSIS 

sucrose
glucose
fructose

glucose

RESIDUE
Animal feeding

Energy production
galactose
glucose

glucose

LIGNIN
Energy production

co2

ETHANOL

VINASSE

MATURE 
TECHNOLOGIES

EMERGING 
TECHNOLOGY

GenerationGeneration GenerationGeneration

TECHNOLOGICAL COMPLEXITY



� 1st GENERATION ETHANOL
SUGAR CANE JUICE & 
GRAINS/CEREALS 

���� Fuels vs Food. 

LIGNOCELLULOSIC BIOMASS

ETHANOL AND ITS DIFFERENT GENERATIONS

� 2nd GENERATION ETHANOL

MATURE TECHNOLOGIES

EMERGING (GROWING) TECHNOLOGIES

� 3rd GENERATION ETHANOL ALGAE BIOMASS

☺☺☺☺ Does not compete with food production.

☺☺☺☺ Faster growth than traditional crops; 

☺☺☺☺ Does not compete with agricultural cultures.

EMERGING (GROWING) TECHNOLOGIES

FUTURE BEARING TECHNOLOGIES



Production Costs of Bioethanol with Production Costs of Bioethanol with 
Different TechnologiesDifferent Technologies

1. Sugar Cane Ethanol (Brazil)1. Sugar Cane Ethanol (Brazil)

Sugar Cane Sugar Cane 
JuiceJuice FermentationFermentation DistillationDistillation

2. Corn Ethanol (USA, others)2. Corn Ethanol (USA, others)

0.28 US$/L 

Corn Corn 
StarchStarch

CookingCooking DistillationDistillationEH + FermentationEH + Fermentation 0.55 US$/L 

Source: EarthTrends Update (2007)Source: EarthTrends Update (2007)

NREL Estimates ≅≅≅≅ 0.52-0.80 US$/L

3. Ethanol from Lignocellulosics3. Ethanol from Lignocellulosics

LignocellulosicLignocellulosic
Biomass Biomass 

Cellulose + Cellulases + Cellulose + Cellulases + 
Hemicellulose HydrolysateHemicellulose Hydrolysate

FERMENTATIONFERMENTATION
DistillationDistillation

Diluted Acid Diluted Acid 
PretreatmentPretreatment



Brazilian and USA 
1st Generation Ethanol Production

E
th
a
n
o
l 
P
ro
d
u
ct
io
n

B
il
li
o
n
 l
it
e
rs 26

28

30

32

34

36

Production 2008:
(in billion liters)
Brazil: 22.5

Production 2009:
(in billion liters)
Brazil: 25.2
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Greenhouse Gas Emissions of Transportation 
Fuels by Type of Energy Used Processing

Source: http://www.afdc.energy.gov/afdc/ethanol/emissions.html



EtanolEtanol

Produtos derivadosProdutos derivados

BebidasBebidasCombustívelCombustível

Aditivo de Aditivo de 
CombustívelCombustível

65%65%
SolventeSolvente

PerfumesPerfumes

CosméticosCosméticos

VernizesVernizes

FármacosFármacos

DetergentesDetergentes

TintasTintas

13%13%

O etanol e suas diferentes aplicações

22%22%Produtos derivadosProdutos derivados

EtanoaminasEtanoaminas
EtilaminasEtilaminas

Glicóis Glicóis 
Éteres de glicoisÉteres de glicois

Ésteres Ésteres 
de acetatode acetato

EtilpropenoatoEtilpropenoato BiotransformaçãoBiotransformação

LimpadoresLimpadores

TintasTintas

Fibras de poliésterFibras de poliéster

AnticongelanteAnticongelante

Polímeros Polímeros 
acrílicosacrílicos FármacosFármacos

AdesivosAdesivos

TintasTintas

SaborizantesSaborizantes

Solvente de resinasSolvente de resinas

Fibras de poliésterFibras de poliéster

AminoácidosAminoácidos

Acido acéticoAcido acético

VitaminasVitaminas

SurfactanteSurfactante

FármacosFármacos

CosméticosCosméticos

Purificação de gásPurificação de gás

CombustívelCombustível
TintasTintas

RevestimentosRevestimentos
22%22%



Sugar cane plantation in        
center-south region of Brazil

LAND OCUPATION AND AVAILABLE 
AREA WITHOUT IMPACT

Crops/Activities Area 
(million ha)

Cane 7.2

Soya 22

(≈11%)

Source: Cortez (2006); IBGE (2008); MAPA (2009).

Corn 14

Planted wood 6.6

Pasture/cattle-raising 200

Available area without impact 100-120

Cultivated area 65

Brazil – total area 855 Corresponding to 4-5 x total
area of Great Britain
(24.1 million ha)



�� TheThe oiloil barrelbarrel pricesprices reachedreached valuesvalues
whichwhich makemake unfeasibleunfeasible thethe selfself--
sustainablesustainable growthgrowth ofof thethe nationsnations;;

�� IncreasingIncreasing interestinterest forfor alternativealternative
sourcessources ofof energyenergy;;

Importance of Bioetanol and its Production Importance of Bioetanol and its Production 
from Lignocelulosic Biomassfrom Lignocelulosic Biomass

�� NecessityNecessity inin aggregatingaggregating valuevalue toto
residualresidual biomass,biomass, whosewhose generationgeneration
tendstends toto growgrow;;

�� PossibilityPossibility forfor increasingincreasing thethe ethanolethanol
productionproduction withoutwithout thethe needneed toto expandexpand
thethe availabilityavailability ofof agriculturalagricultural areaarea forfor
feedstockfeedstock productionproduction..



The Lignocellulosic Complex

Basic Composition :

Basic Composition :

� Cellulose (40-60%)

� Hemicellulose (20-40%)

� Lignin (10-25%)

Cellulose: homopolysaccharide of ββββ-(1����4)-D-glucopyranose units

� Cellulose (40-60%)

� Hemicellulose (20-40%)

� Lignin (10-25%)
Cellobiose 

Intramolecular hydrogen 
bonds

Intermolecular 
hydrogen bonds

part of a cellulose preparation
is amorphous between these
crystalline sections



Typical Structures of Hemicellulose (Xylans)         Typical Structures of Hemicellulose (Xylans)         
in Angiosperm (A) and Gymnosperm (B)in Angiosperm (A) and Gymnosperm (B)

(A)(A)

αααα-4-O-Me-GlcA

XYLOSE

ACETYL 
GROUP

αααα-4-O-METHYLGLUCURONIC ACID

AcAc: acetyl group; : acetyl group; αααααααα--ArafAraf: : αααααααα--arabinofuranose; arabinofuranose; αααααααα--44--oo--MeMe--GlcAGlcA: : αααααααα--44--oo--methylglucuronic acidmethylglucuronic acid

(B)(B)

αααα-4-O-Me-GlcAαααα-4-O-Me-GlcA

αααααααα--ArafAraf αααααααα--ArafAraf

XYLOSE

GROUP

ARABINOSE



Lignin: Lignin: MacromoleculeMacromolecule of Aromatic Alcoholsof Aromatic Alcohols
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Main Differences between Main Differences between 
Cellulose and HemicellulosesCellulose and Hemicelluloses

CELLULOSECELLULOSE HEMICELLULOSESHEMICELLULOSES
Homopolysaccharide composed Homopolysaccharide composed 
of of GLUCOSEGLUCOSE unitsunits

Heteropolysaccharides composed of Heteropolysaccharides composed of 
several units of several units of PENTOSESPENTOSES and and 
HEXOSESHEXOSES

High degree of polymerization             High degree of polymerization             Low degree of polymerization Low degree of polymerization High degree of polymerization             High degree of polymerization             
(2,000 to 18,000)(2,000 to 18,000)

Low degree of polymerization Low degree of polymerization 
(50 to 300)(50 to 300)

Produces fibrous arrangements Produces fibrous arrangements Do not produce fibrous arrangementsDo not produce fibrous arrangements

Presents Presents crystallinecrystalline and and 
amorphousamorphous regions regions 

Present only Present only amorphousamorphous regions regions 

SlowlySlowly hydrolyzed by diluted hydrolyzed by diluted 
inorganic acid in high inorganic acid in high 
temperaturestemperatures

RapidlyRapidly attacked by diluted inorganic attacked by diluted inorganic 
acid in high temperaturesacid in high temperatures

Is alkaline insoluble Is alkaline insoluble Are alkaline solubleAre alkaline soluble



Benefits of Lignocellulose Conversion 
Technologies through Biological and/or 
Chemical Routes for the Producition of     

Bioetanol & other Chemicals

☺ Abundant and cheap renewable resources;

☺ Their generation does not compete with the use of land for food
production;

☺ No necessity of expanding the agricultural land for feedstock
production;production;

☺Opportunity for industrial development based on the concept of
BIOREFINERY;

☺ Reduction in gas emissions that cause the so called “green house
effect”;

☺ Cleaner technologies;

☺Macroeconomic benefits for rural communities and for Society as a
whole;

☺ They are within the perspective of Sustainable Development.



BIOCHEMICAL PLATFORM

• HYDROLYSIS (Chemical/Enzymatic)

SUGARS
intermediates and 
lignin derivatives

What is a Biorefinery?

BIOREFINERIES are similar to petroleum refineries in concept; however,
biorefineries use biological matter (as opposed to petroleum or other fossil
sources) to produce TRANSPORTATION FUELS, CHEMICALS, and HEAT and
POWER.

INDUSTRIAL BIOREFINERIES have been identified as the most promising
route to the creation of a new industry based on renewable resources.

LIGNOCELLULOSIC BIOMASS

• HYDROLYSIS (Chemical/Enzymatic)
• LIGNIN CONVERSION 

THERMOCHEMICAL PLATFORM

• PYROLYSIS (Bio-oil)
• GASIFICATION       BTL 

GAS and LIQUID
intermediates 

lignin derivatives

BIOFUELS
(Ethanol; DMF; Gren 
Diesel; Gasoline and 
Kerosene)

CHEMICALS

POWER



BUTANOLBUTANOL

ACETONEACETONE

GLYCEROLGLYCEROL

CITRIC ACIDCITRIC ACID

BUTIRIC ACIDBUTIRIC ACID

GLUTAMIC ACIDGLUTAMIC ACIDETHYLENEETHYLENE

BUTADIENEBUTADIENE
ESTERSESTERS

SYNTETIC SYNTETIC 
RUBBERRUBBER

(BIO)POLYMERS(BIO)POLYMERS

VITAMIN CVITAMIN C

FURANIC FURANIC 
POLYMERSPOLYMERS LEVULINIC ACIDLEVULINIC ACID

POLYESTERSPOLYESTERS

LC BIOREFINERY: LC BIOREFINERY: Products from CeluloseProducts from Celulose

POLYPOLY--HYDROXYHYDROXY--ALCANOATESALCANOATES

BIOPOLYMERSBIOPOLYMERS

DMFDMF
ACETIC ACETIC 

ACIDACID

AlcoholAlcohol--chemistry chemistry 

BIOMASS

GLUCOSE

ETHANOLETHANOL
ETHERSETHERS

ESTERSESTERS

REGENERATED REGENERATED 
CELLULOSECELLULOSE

GLUTAMIC ACIDGLUTAMIC ACID

LACTIC ACIDLACTIC ACID

GLUCONIC ACIDGLUCONIC ACID

SUCCINIC ACIDSUCCINIC ACIDSCPSCP

CELLULOSE

SORBITOLSORBITOL

HMFHMF

ETHYLENEETHYLENE

ENZYMESENZYMES

LCF: Lignocelulose FeedstockLCF: Lignocelulose Feedstock

DMFDMF ACIDACID



SCPSCP ETHANOL ETHANOL BUTANOL BUTANOL ACETONE ACETONE FURFURAL FURFURAL 

FURAN FURAN LYSINA LYSINA 

TETRA HYDRO FURAN TETRA HYDRO FURAN 

NYLON  NYLON  LC BIOREFINERY:LC BIOREFINERY:
Products from HemicelluloseProducts from Hemicellulose

ORGANIC ACIDS ORGANIC ACIDS 

PHA’sPHA’s

GLUTAMIC GLUTAMIC 
ACIDACID

RESINS and RESINS and 
PLASTICSPLASTICS

XYLITOLXYLITOL
SORBITOLSORBITOL
MANITOLMANITOL

GALACTOLGALACTOL
ARABITOL ARABITOL 

ENZYMESENZYMESDMFDMF

HEMICELLULOSE

BIOMASS

MONOSSACHARIDES (SUGARS)

XYLOSE; GLUCOSE; ARABINOSE; GALACTOSE; MANNOSEACETIC ACIDACETIC ACID URONIC ACIDURONIC ACID

LCF: Lignocelulose FeedstockLCF: Lignocelulose Feedstock

CELLULOSE



PHENOL, PHENOL, 

VANILLIN,VANILLIN,

OXIDIZED LIGNINOXIDIZED LIGNINBIOBIO--OILS OILS 
PHENOLIC PHENOLIC 

RESINSRESINS

CHEMICAL CHEMICAL 
PRODUCTS PRODUCTS 

LIQUID LIQUID 

FUELS FUELS 

SOLID FUELSOLID FUEL

LC BIOREFINERY: LC BIOREFINERY: Products from LigninProducts from Lignin

ENERGY

LIQUID HYDROCARBONS SIMILAR TO LIQUID HYDROCARBONS SIMILAR TO 
THOSE OF PETROLEUM CRUDE OILTHOSE OF PETROLEUM CRUDE OIL

HEMICELLULOSE

BIOMASS

SYNGASSYNGAS

METHANOL METHANOL OXIDIZED LIGNINOXIDIZED LIGNINBIOBIO--OILS OILS 

PYROLYSISPYROLYSIS

GASIFICATIONGASIFICATION

OXIDIZINGOXIDIZING
PROCESSESPROCESSES

RESINSRESINS

LCF: Lignocelulose FeedstockLCF: Lignocelulose Feedstock

LIGNINCELLULOSE



LIQUID BIOFUELS FROM 
LIGNOCELLULOSIC BIOMASS

POTENTIAL CANDIDATESPOTENTIAL CANDIDATES

BIOFUELS Process Technological 
maturity

BIOETHANOL Biochemical Emerging 

BIOBUTANOL Biochemical Embrionary

DMF Hybrid Embrionary 

FOSSIL LIKE GREEN FUELS Themochemical Growing 



LC
HYDROLYTIC 
ENZYMES MICRORGANISMS

O2 + Energy 

PRODUCTION OF BIOFUELS PRODUCTION OF BIOFUELS 
FROM LIGNOCELLULOSIC BIOMASSFROM LIGNOCELLULOSIC BIOMASS

FOSSIL LIKE GREEN FUELS
Diesel; Gasoline; Kerosene etc

CO+

CO + H2
Fischer-Tropsch 

SYNGAS CHEMICAL 
PROCESS

THERMOCHEMICAL PLATFORM

LC
BIOMASS

ENZYMES MICRORGANISMS

ENZYMES
cellulases

CO2+

ETHANOL

BIOLOGICAL
PROCESS

Fischer-Tropsch (1920) is a catalyzed chemical reaction in which carbon monoxide and
hydrogen (syngas) are converted into liquid hydrocarbons of various forms (Diesel,
Gasoline, Kerosene e Lubricants).

(2n+1)H2 + nCO → CnH(2n+2) + n H2O 

GLUCOSE

BIOCHEMICAL PLATFORM

BUTANOL



HYDROLYTIC 
ENZYMES MICRORGANISMS

O2 + Energy 

PRODUCTION OF BIOFUELS 
FROM LC BIOMASS

FOSSIL LIKE GREEN FUELS
Diesel; Gasoline; Kerosene etc

CO+

ETHANOL

CO + H2
Fischer-Tropsch 

SYNGAS CHEMICAL 
PROCESS

THERMOCHEMICAL PLATFORM

orLC ENZYMES MICRORGANISMS

GLUCOSE

CO2+
BIOLOGICAL
PROCESS

ENZYME
isomerase

HMF DMF

ACID
CATALYSIS

HYDROGENOLYSIS
(H2)FRUCTOSE

HYBRID
PROCESS

BIOCHEMICAL PLATFORM

ENZYMES
cellulases

BUTANOL 
(ACETONE + ETHANOL)

orLC
BIOMASS



DMF: 2,5 dimethyl furan

☺ Energy density higher than ethanol and close to gasoline;
☺ Low water solubility (2.3 g/L);
☺ Boiling point (~92ºC) close to conventional fuels;
☺ Octane Number close to ethanol (DMF ≅≅≅≅120 e Ethanol ≅≅≅≅130);
☺ Production by hybrid process (enzymatic and chemical), with chemical
steps completely dominated by the industrial sector.

FUELS’ ENERGY DENSITY

Fuel
ENERGY DENSITY
per volume (KJ/cm3)

Liquid Hydrogen 10.1

Gas Hydrogen compressed (700 bar) 4.7

Gasoline 32.0-34.6

Diesel 38.7

Gasohol (10% etanol-90%gasolina) 28.1

Biodiesel 30.5

Buthanol 29.2

Methanol 15.6

Ethanol 24.0

Dimethyl Furan (DMF) 30.0

FUELS’ ENERGY DENSITY

Source: Román-Leshkov et al. (2007). Nature, 447, 982-985.



APPLICANT TOTAL COST DOE SHARE ANNUAL 
PRODUCTION 
CAPACITY

PROJECT 
LOCATION

FEEDSTOCK Technology

VERENIUM 91,347,330 76,000,000
(granted 2007)

1,500,000 Jennings, LA Bagasse, 
energy crops, 
agricultural 

wastes, wood 
residues

Biochemical 

FLAMBEAU LLC 84,000,000 30,000,000 6,000,000 Park Falls, WI Forest residue BTL

ICM 86,030,900 30,000,000 1,500,000 St. Joseph, MO Switchgrass, 
forage 

sorghum, stover

Biochemical 

Recently-awarded Projects (Small Biorefineries)
(2009)

LIGNOL 
INNOVATIONS

88,015,481 30,000,000 2,500,000 Commerce City, 
CO

Woody biomass, 
agricultural 

residue

Biochemical 
Organosolve

PACIFIC 
ETHANOL

73,040,000 24,340,000 2,700,000 Boardman, OR Wheat straw, 
stover, poplar 

residuals

Biogasol
(ETOH, biogas, 

solid fuels)

NEW PAGE 83,653,212 30,000,000 5,500,000 Wisconsin, WI Wood biomass –
mill residues

BTL

RSE PULP 90,000,000 30,000,000 2,200,000 Old Town, 
Maine

Wood chips 
(mixed 

hardwood)

Biochemical

ECOFIN, LLC 77,000,000 30,000,000 1,300,000 Washington 
Country, KY

Corn cobs Biochemical 
(Solid State 

Fermentation)

MASCOMA 135,000,000 25,000,000 2,000,000 Monroe, TN Swichgrass and 
hardwoods

Biochemical

TOTAL 808,086,923 305,340,000 25.2 M gallons = 95.4 M liters



���� 9 billion gallons (≈34 billion liters) of renewable fuels in 2008.

���� 36 billion gallons (≈136 billion liters) in 2022.

US Government Mandatory Biofuel Supply Volume

Fonte: http://www.verenium.com

16 billion gallons (≈ 60
billion liters) MUST BE
CELLULOSIC BIOFUELS



LIGNOCELLULOSIC

FEEDSTOCK

PRETREATMENT

(PRE-HYDROLYSIS/AUTO-HYDROLYSIS)

HEMICELLULOSE

(PENTOSES + HEXOSES)

OH- or organic solventsH+

FRACTIONING LIGNOCELLULOSIC 
BIOMASS FOR BIOCHEMICAL PLATFORM

SOLUBLE 
LIGNIN

CELLULOSE + LIGNIN

(CELLULIGNIN)

OH- or organic solvents
(DELIGNIFICATION)

CELLULOSELIGNIN

H+

(HYDROLYSIS) 
GLUCOSE

☺ Enzymatic Hydrolysis

TENDENCY

� Inhibitors of 
Biological Processes GLUCOSE



Pretreatment of Lignocellulosic FeedstockPretreatment of Lignocellulosic Feedstock

Aims at disorganizing the lignocellulosic complex, resulting in an Aims at disorganizing the lignocellulosic complex, resulting in an 
increase of CELLULOSE DIGESTABILITY increase of CELLULOSE DIGESTABILITY 

(enzymes accessibility to cellulose molecules)(enzymes accessibility to cellulose molecules)

Lignin

Cellulose

Hemicellulose

Pretreatment



Characteristics of the Main Pretreatment Technologies 
for LC Feedstsocks (Biochemical Platform)

Characteristics Pretreatment Technology

SE CSE DAH TH (LHW) AFEX

Typical operational 
conditions

Batch or 
Continuous
2 to 10 min

Batch or Continuous
2 to 10 min

Batch or 
Continuous
5 to 30 min

Batch
5 to 60 min

Batch
5-15% amônia
10-30 min

Temperature 190-270oC 160-200oC 150-180oC 170-230oC 100-180oC

Consumption of 
chemical inputs

No Yes Yes No Yes 

Removal of 
hemicelullose 

Yes Yes Yes Yes No, only after 
washing

Xylose yield 10% Xylose; 90% 
Xylosaccharides 

70-90% 85-95% 50% 
Hemicellulose 

60% HDS after 
washing and removal Xylosaccharides Hemicellulose 

derived sugars
washing and removal 

of lignin

Removal of Lignin Minor effect Moderate effect Moderate effect Minor effect Major effect

Formation of 
inhibitors

Yes, under severe 
conditions

Yes, under severe 
conditions

Yes, under severe 
conditions

Few Yes, under severe 
conditions

Reduction of the 
required particle size 

Medium Medium High Medium High 

Efficiency of the 
Cellulose Enz. Hydrol. 

80-90% 80-85 % 80-85 % 80-90% 50-90 %

Waste Generation Less significant Moderate Significant Less significant Significant 

Corrosivity of the 
medium

Low Low to moderate Moderate to high Low Low to moderate

Simplicity of the 
process (potential)

High Moderate to high Moderate Not evaluated Moderate 

State of arte Pilot plants Pilot plants Pilot and demo 
plants 

Bench scale Pilot and demo 
plants

SE: Steam-explosion; CSE: Catalysed Steam-explosion; DAH: Diluted Acid hydrolysis; TH: Thermohydrolysis (liquid hot water pretreatment);
AFEX: Ammonia fiber explosion. Sources: Adapted from LYND (1996); OGIER et al. (1999) and Balat et al. (2008); Pérez et. Al. (2007)



Diluted Acid / Acid Catalysed Steam Explosion Diluted Acid / Acid Catalysed Steam Explosion 
Pretreatments of Lignocellulosic FeedstocksPretreatments of Lignocellulosic Feedstocks

VARIABLESVARIABLES

Acid Concentration

TemperatureType of Acid

HH22SOSO44; HCl; ; HCl; 
HNOHNO33 e He H33POPO44 9898OO ≤≤≤≤≤≤≤≤ T T ≤≤≤≤≤≤≤≤ 260260OOCC

0.5% 0.5% ≤≤≤≤≤≤≤≤ [acid] [acid] ≤≤≤≤≤≤≤≤ 10%10%

Hemicellulose hydrolysis efficiency Hemicellulose hydrolysis efficiency ��������

Hemicellulose derived sugar concentration Hemicellulose derived sugar concentration ��������

Inhibitors generation Inhibitors generation ��������

Sol:Liq Ratio Time of exposition
1:20 1:20 ≤≤≤≤≤≤≤≤ S:L S:L ≤≤≤≤≤≤≤≤ 1:41:4sec sec <<<<<<<< θθθθθθθθ <<<<<<<< hshs

DS=log {DS=log {θθθθθθθθ . exp [(T. exp [(T--100)/14.75]100)/14.75]}}}}}}}} -- pHpH



LIGNINHEMICELLULOSECELLULOSE

Substances that are commonly reported as inhibitors 
of the metabolic activity, originated from the acid 
hydrolysis/pretreatment of lignocelulosic materials 

p-hydroxibenzoic acid
m-hydroxibenzoic acid 
vanilinic acid
siringic acid 
p-hydroxibenzaldehyde
vanilin
cinamic acid
siringaldehyde
coniferyl alcohol
sinapyl alcohol

Parajó et al. (1998)

hydroxy-methyl furfural furfural acetic acid
acetaldehyde 

CHOHOH
2
C CHO



EFFECT OF THE SEVERITY FACTOR OVER EFFECT OF THE SEVERITY FACTOR OVER 
HEMICELLULOSE HYDROLYSIS YIELD DURING HEMICELLULOSE HYDROLYSIS YIELD DURING 

DILUTED ACID PRETREATMENT DILUTED ACID PRETREATMENT 

Fonte: Betancur & Pereira Jr. (2009).Fonte: Betancur & Pereira Jr. (2009).

Degrading xylose products



AMORPHOUS
REGION

CRYSTALLINE

Enzymatic Hydrolysis of Cellulose Enzymatic Hydrolysis of Cellulose 

CELLOBIOSE

2

Cellulose

3

CRYSTALLINE
REGION

1: ENDOGLUCANASE

CELLODEXTRINS

1

�� CELLULASES ARE INHIBITED BY CELLULASES ARE INHIBITED BY CELLOBIOSECELLOBIOSE E E GLUCOSEGLUCOSE

2: EXOGLUCANASE 3: ββββ-GLUCOSIDASE

GLUCOSE



Why hydrolyse cellulose 
enzymatically?

� Milder conditions of pressure, temperature and pH;

� High specificity;

� Elimination of hydroxymethyl furfural, amongst 

R & D & I	 High production costs;

However,

� Elimination of hydroxymethyl furfural, amongst 
other toxic substances (lignin derivatives);

� Low energy consumption;

� Low material costs with construction of equipments, 
differently of those processes which utilize acid hydrolysis.            



Strategies for Ethanol ProductionStrategies for Ethanol Production
from Lignocelulosicsfrom Lignocelulosics

Following the Biochemical PlatformFollowing the Biochemical Platform



PRETREATMENT 
(HEMICELLULOSE 
HYDROLYSIS)

ENZYMATIC 
HYDROLYSIS
OF CELLULOSE

CELLULASE
PRODUCTION

C6
FERMENTATION

solids solids 
(cellulignin)(cellulignin)

SEPARATE HYDROLYSIS AND FERMENTATIONSEPARATE HYDROLYSIS AND FERMENTATION

SHFSHF

DISTILLATION

C5
FERMENTATION 

ETHANOLETHANOL

SOLUBLE SUGARSSOLUBLE SUGARS

However, cellulases are inhibited However, cellulases are inhibited 
by their final hydrolysis productsby their final hydrolysis products
(CELOBIOSE and GLUCOSE)(CELOBIOSE and GLUCOSE)



PRETREATMENT 
(HEMICELLULOSE 
HYDROLYSIS)

ENZYMATIC 
HYDROLYSIS
OF CELLULOSE

CELLULASE
PRODUCTION

C6
FERMENTATION

solids solids 
(cellulignin)(cellulignin)

SIMULTANEOUS SACCHARIFICATION AND FERMENTATIONSIMULTANEOUS SACCHARIFICATION AND FERMENTATION

SSFSSF
ENZYMATIC HYDROLYSIS

OF CELLULOSE &
C6 FERMENTATION

DISTILLATION

ETHANOLETHANOL

SOLUBLE SUGARSSOLUBLE SUGARS

C6 FERMENTATION

Two Stream Two Stream 
FermentationFermentation
ModelModel

C5
FERMENTATION 



PRETREATMENT 
(HEMICELLULOSE 
HYDROLYSIS)

HIDRÓLISE
ENZIMÁTICA
DE CELULOSE

CELLULASE
PRODUCTION

FERMENTAÇÃO
C6

solids solids 
(cellulignin)(cellulignin)

SIMULTANEOUS SACCHARIFICATION AND COFERMENTATIONSIMULTANEOUS SACCHARIFICATION AND COFERMENTATION

ENZYMATIC HYDROLYSIS
OF CELULOSE 

SSCFSSCF

DISTILLATION

ETHANOLETHANOL

OF CELULOSE 
&

C6 FERMENTATION &
C5 FERMENTATIONSOLUBLE SUGARSSOLUBLE SUGARS

Molecular
BiologyIntegrated Integrated 

FermentationFermentation
ModelModel



PREATRETMENT
(HEMICELLULOSE
HYDROLYSIS)

CONSOLIDATED BIOPROCESSINGCONSOLIDATED BIOPROCESSING

CELLULASE PRODUCTION
&

CELLULOSE HYDROLYSIS
&

C6 FERMENTATION
&

CBPCBP

solids solids 
(cellulignin)(cellulignin)

DISTILLATION

ETHANOLETHANOL

SOLUBLE SUGARSSOLUBLE SUGARS

&
C5 FERMENTATION

Molecular 
Biology Consolidated Consolidated 

Bioprocess Bioprocess 
ModelModel



Ethanol Production Plant  from Corn Processing Residues Ethanol Production Plant  from Corn Processing Residues 

(‘corn stover’ e ‘corncob’) in USA(‘corn stover’ e ‘corncob’) in USA

Simultaneous Saccharification and CoSimultaneous Saccharification and Co--FermentationFermentation ProcessProcess
NRELNREL--DOE/GoldenDOE/Golden--CO/USACO/USA

04 bioreactors of 9.000 L; 02 of 1.450 L and 02 of 160 L (ethanol concentration = 3004 bioreactors of 9.000 L; 02 of 1.450 L and 02 of 160 L (ethanol concentration = 30--40 g/L)40 g/L)
Processing Capacity: 2 ton of lignocellulosic material/dayProcessing Capacity: 2 ton of lignocellulosic material/day
Ethanol Production Capacity = 750 L/dayEthanol Production Capacity = 750 L/day



Ethanol Production Plant from Lignocellulosic Residues Ethanol Production Plant from Lignocellulosic Residues 
arising from Corn Industry (arising from Corn Industry (corn stover corn stover e e corncobscorncobs) in Canada ) in Canada 

Partnership: IOGEN/PetroPartnership: IOGEN/Petro--Canada/ShellCanada/Shell
(Investments of US$ 110 million)(Investments of US$ 110 million)

Press Release 21 April, 2004Press Release 21 April, 2004
CELLULOSE ETHANOL IS READY TO GOCELLULOSE ETHANOL IS READY TO GO

Iogen producing world’s first cellulose ethanol fuelIogen producing world’s first cellulose ethanol fuel

Processing capacity: 12,000Processing capacity: 12,000--15,000 ton/year15,000 ton/year
Production capacity: 4 . 10Production capacity: 4 . 1066 liters/yearliters/year

PrimePrime MinisterMinister PaulPaul MartinMartin congratulatescongratulates
IogenIogen onon itsits successsuccess inin thethe cellulosecellulose
ethanolethanol technologytechnology atat anan eventevent atat thethe
IogenIogen demonstrationdemonstration plantplant AprilApril 2121,, 20042004..

PrimePrime MinisterMinister PaulPaul MartinMartin andand IogenIogen
PresidentPresident BrianBrian FoodyFoody launchlaunch thethe world'sworld's firstfirst
shipmentshipment ofof cellulosecellulose ethanolethanol toto thethe
commercialcommercial fuelfuel marketmarket AprilApril 2121,, 20042004..



� Owns a demo plant with a producing capacity of 5.2 million liters/year
cellulosic ethanol of non-food based sources;

� Produces its own enzyme cocktail;

� Explore the biochemical platform, through the two stream model
technology (C5 fermentation separately of C6 fermentation)

� In July 2008, the company was selected for an award under a US$240
million Federal Program, operated by the DOE, to support the
development of up to nine small-scale Biorefineries in the United States



EMPRESA PAÍS DE 
ORIGEM

CARACTERÍSTICA DE PROCESSO LOCALIZAÇÃO CAPACIDADE
(m3/ano)

AE Biofuels EUA Hidrólise enzimática Montana 567

Blue Fire Ethanol EUA/JAPÃO Hidrólise c/ácido concentrado Califórnia
Izumi

12.110
n.d.

Chempolis Ou FINLÂNDIA Hidrólise c/ácido diluído Oulu n.d.

Iogen CANADÁ Hidrólise enzimática Ontario 4.000

KL Energy EUA Hidrólise enzimática Wyoming 5.680

Lignol Energy CANADÁ Pré-tratamento Organosolv - HEnz Vancouver 2.500

Mascoma EUA n.d. Nova Iorque 1.890

Empresas estrangeiras que operam unidades de 
produção de etanol de segunda geração (Biorrefinaria)

Mascoma EUA n.d. Nova Iorque 1.890

Poet EUA n.d. Dakota do Sul 75

Sekab SUÉCIA Hidrólise enzimática n.d. n.d.

ST1 FINLÂNDIA n.d. Lappeenranta
Hamina
Närpiö

1.000
1.000
1.000

St. Petersburgo 
State Forest-
Technical Academy

RÚSSIA Hidrólise c/ácido diluído 13 unidades 
no país

n.d

Sun Opta CANADÁ Hidrólise enzimática China n.d.

Universidade da 
Flórida

EUA Hidrólise enzimática com E. coli
recombinantes (modelo integrado)

Flórida 7.570

Verenium EUA Hidrólise enzimática (modelo de 
duas correntes)

Louisiana 
Japão 

5.300
4.920



Bagaço 
in natura

Hidrolisado
Hemicelulósico

PTA

neutralização
FERMENTAÇÃO C5

Celulignina 
parcialmente
deslignificada

SSF (C6)

Estratégia LADEBIO para a Produção de  
Etanol de 2ª Geração

Celulignina
ácida

DA

deslignificada

PTA: pré-tratamento ácido
DA: deslignificação alcalina
SSF: simultaneous saccharification and fermentation

secagem
Lignin
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Patent PI0505299-8 (11/2005)
Patent PI0605017-4 (12/2006) (PATENT nb. 1000)
Patent PI0200801-58 (12/2008)

VINASSE



22ndnd Generation Ethanol Pilot PlantGeneration Ethanol Pilot Plant

CENPESCENPES--PETROBRASPETROBRAS

2006 – 2009

� Building of the pilot plant;� Building of the pilot plant;

� 1st in Latin America;

� More than 80 runs with bagasse;

� Process reproductibity (bench scale →→→→ pilot plant); 

� New projects in partnership to implement this technology in an      
industrial level.



UFRJUFRJ

Biofuels Center (RJ)

4-stored Building
Area: 2000 m2

• Pilot Plant (850 m2)
• Biomass Storage Chamber
• Supporting Research Labs (8):• Supporting Research Labs (8):

 Biomass Characterization

 Analytical Center

 Microbiology

 Molecular Biology

 Fermentation Technology

 Product Engineering

 Unconventional Biofuels

 Thermochemical Processes
• Utilities
• Workshop Room



Residues:Residues:
�� SUGAR CANE BAGASSESUGAR CANE BAGASSE
�� SUGAR CANE STRAWSUGAR CANE STRAW

TargetTarget--Products:Products:
�� ETHANOLETHANOL
�� BUTANEDIOLBUTANEDIOL

Biotechnological Valorization Biotechnological Valorization 
of Agro and Forestry Residuesof Agro and Forestry Residues

Ongoing ProjectsOngoing Projects

Partners/FinancialPartners/Financial SupportersSupporters:: PETROBRASPETROBRAS;; FAPERJFAPERJ;; PRONEXPRONEX (CNPq)(CNPq);; ICB/UFRJICB/UFRJ;; DBMol/UNBDBMol/UNB;;
CAM/UFAMCAM/UFAM;; LC/USPLC/USP;; IQ/UFRJIQ/UFRJ;; IM/UFRJIM/UFRJ;; ARACRUZ,ARACRUZ, NRELNREL--DOE/USADOE/USA andand INETI/PTINETI/PT..

35 35 MScMSc Dissertations; 12 Dissertations; 12 PhDPhD Theses and 03 PostTheses and 03 Post--doctorate Projectsdoctorate Projects

�� SUGAR CANE STRAWSUGAR CANE STRAW
�� CORN COBSCORN COBS
�� CASTOR BEAN CAKECASTOR BEAN CAKE
�� CELLULOSE INDUSTRY WASTESCELLULOSE INDUSTRY WASTES
�� MOLASSESMOLASSES
�� STILLAGE (VINASSE) STILLAGE (VINASSE) 

�� BUTANEDIOLBUTANEDIOL
�� XYLITOLXYLITOL
�� SUCCINIC ACIDSUCCINIC ACID
�� PROPIONIC ACIDPROPIONIC ACID
�� XYLANASESXYLANASES
�� CELLULASESCELLULASES



Progresses in Acid Pretreatment of  Progresses in Acid Pretreatment of  
Sugar Cane Bagasse Sugar Cane Bagasse 

(Hemicellulose Hydrolysis)(Hemicellulose Hydrolysis)
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Kinetics of ethanol production from sugarcane bagasse cellulignin with 
solid load by SSF process using a homemade enzymatic preparation 

obtained by a selected strain of Penicillium sp. 

SSF
PEH

Simultaneous Saccharification and 
Fermentation of CELLULOSE 

Arrows indicate the time in which the reactor was fed with cellulignin. The grey 
range depicts the pre-enzymatic (PEH)



Bioprocess Analysis: Energy BalanceBioprocess Analysis: Energy Balance

1,000 ton of Bagasse: 220,000 L1,000 ton of Bagasse: 220,000 L SuperPro DesignSuperPro Design
(Inteligen Co.)(Inteligen Co.)

ResidueResidue
(Lignin)(Lignin)

≅≅≅≅≅≅≅≅

Thermal reutilization/Energy Thermal reutilization/Energy 
recovery (NEV)recovery (NEV)

29.43 MJ/L29.43 MJ/L

Consumed in Consumed in 
the productionthe production

21.06 MJ/L21.06 MJ/L

Produced Produced 

HC HC ligninlignin ≅≅≅≅≅≅≅≅ 3.5 X HC 3.5 X HC bagassebagasse

++ 25 MJ/L25 MJ/L
input / output  of 

energy

1 : 0.72

input / output  of 
energy

1 : 4.75

Consumption can Consumption can 
reach values of only reach values of only 

5 MJ/L EtOH5 MJ/L EtOH
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Estágios
Desenvolvimento do tema “biorrefinarias: rota bioquímica”

no Brasil

2010 - 2015 2016 - 2025 2026 - 2030
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T1e

T1e T1b T1c
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T1c
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Mapa tecnológico do tema “Biorrefinarias: Rota Bioquímica” 
no Mundo e no Brasil

(2010 – 2030)
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Scale-up
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Pesquisa em bancada

Produção/
processo

Inovação/
implantação

Scale-up

Fase demonstração

Fase piloto

Pesquisa em bancada
T1c

T1c
T1d

T1c
T1d

T1d T1c

T1c

T1c

T1b

T1a T1d

T1e T1b

T1a

T1d

T1a

T1a

T1a

Produção/

processo

Inovação/
implantação

Scale-up

Fase demonstração

Fase piloto

Pesquisa em bancada

Produção/

processo

Inovação/
implantação

Scale-up

Fase demonstração

Fase piloto

Pesquisa em bancada T1d

T1d

T1d

T1b T1c

T1c

T1d T1c

T1b

T1d

T1c

T1d

T1a

T1a

T1b

T1b

T1a

T1b

T1cT1a

T1a

T1a

Notação: T1a – Pré-tratamento; T1b – Produção de celulases; T1c – Biologia molecular; 
T1d – Produção de biocombustíveis de segunda geração e de outras moléculas; T1e –
Produção de energia e Integração energética de processo. 



Challenges for efficient Challenges for efficient 
ethanol production from ethanol production from 
lignocellulosic biomasslignocellulosic biomass

� Genetic Modification of Plant Cell Walls for Enhanced
Biomass Production and Utilization;

� Cost-effective pretreatment technology, with minimum� Cost-effective pretreatment technology, with minimum
generation of toxic substances (fermentation inhibitors);

� Dedicated (in plant) cellulase production;

� Enzyme engineering for efficient biomass hydrolysis;

� Genetically modified microorganisms for efficient
fermentation of C5 and C6;

� Process energy integration (valorization of lignin).
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Publications
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Thanks to my “Army”, Thanks to my “Army”, 
and Thanks for you attention !and Thanks for you attention !

Laboratories of Bioprocess Development
Federal University of Rio de Janeiro


