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Sunflower straw (SS)

Sunflower is the fourth oil-seedsourceworldwide with more

than25million hectarescultivatedlandsurface

While it is mainly harvestedfor its oil, the remainderof the plant, suchas the

straw,remainsto a largeextentunutilized.

Sunflower has a high-lipid content seedand representsan

important resourcefor biodieselproduction.

In order to maintain a competitiveadvantagein the world market and ensurea

sustainedeconomicreturn in the production of this oil crop, the potential of

conversionof this lignocellulosic residue in bioenergyshould be exploredand

exploited.

Each hectare of sunflower culture could produce 3-7tons of dry biomass,

including headsandstalks(MarechalandRigal, 1999)
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Lignocellulosic biomass
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Pretreatment

Pretreatmentis commonlyacceptedto be an essentialprerequisiteto make

lignocellulosicbiomassaccessibleto enzymaticattack,by breakingthe lignin

seal, removing hemicellulose, or disrupting the crystalline structure of

cellulose(Fan et al., 1981)

The correlation of structural featuresand digestibility is reported to be of

variant importance according to the type of biomass to be treated

Consequently,becauseof the heterogeneityof lignocellulosic biomassthe

applicationof the samepretreatmentmethodcanaffectin a different degree

andhaveaneffectof differentextent in different types of biomass.

Bestpretreatmentmethod for intended bioconversion
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Pretreatment
A variety of pretreatmentincluding mechanical,thermochemical

or thermal processes,have been developedfor changing the

chemicaland structural compositionof biomassand improving

the enzymaticconversionefficiency(HendriksandZeeman,2009).

Acid pretreatment, has been proposedas an efficient pretreatment method for

ethanolor fermentativehydrogenproduction(Schelletal., 2003; Sanchezetal., 2004; Garciaetal., 2014)

.

During acid pretreatment,hemicellulosicfraction of biomassis hydrolyzed to

soluble sugars and compoundssuch as furfural and/or hydroxylmethylfurfural

(HMF), formic andaceticacidscanalsobeobserved(Ramos,2003).

Thesecompoundsmight havean inhibitory or toxic effecton bacteriaor yeasts

that areusedin subsequentbioconversions.
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Biochemical processing 

Pre-

treatment

Physical, chemical 

or biological 

pretreatment

Solubilizationof  

components

Enzymatic 

hydrolysis

Fermentati

on

Hydrolysis of  

cellulose by 

enzymes

Simultaneous or separate 

saccharificationand fermentation

Distillation 

or 

separation

Biochemical conversion 

of  sugars(hexosesand 

pentoses) to products)

Solid residues & 

Wastewaters

Product(s)

VCost efficient production of sugars from biomass is a key pre-requisite for any
biorefinary basedon sugar route.
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The process followedé.

Acid Pre-

treatment

Solubilizationof  

hemicellulose

Enzymatic 

hydrolysis
Fermentation

Hydrolysis of  

cellulose by 

enzymes

Simultaneous saccharification and 

fermentation (SSF)

Biochemical conversion 

of  sugars(hexosesand 

pentoses) to products)

Chemical  
agent

Concentrati
on

(g/100gTS)
Conditions

ɠ2Sɨ4 2, 10, 20 1h,  120oC

ɠ3Pɨ4 2, 10, 20 1h,  120oC

HCl 2, 10, 20 1h,  120oC

no chemical thermal 1h,  120oC

For all pretreatment methods: massratio of solid(g) to liquid(mL) was 5:100

(organicload5%w/v)

Ethanol

Hydrogen
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Why hydrogen?

Could be directly used to produce electricity through fuel cells  

cells
Can be produced by renewable raw materials, such as wastes / 

wastewaters and energy crops through biological processes

Possesses a high-energy yield  (122 kJ/g)

A clean and environmentally friendly  fuel 

which produces water instead of  greenhouse gases, when combusted 
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Fermentative hydrogen production 

VMixed cultures need to be pretreated in order to suppress hydrogen-consuming 

bacterial activity while still preserving the activity of  the hydrogen-producing bacteria

Acetic acid production

Å C6H12O6 +  2H2O Ÿ 2CH3COOH  +  2CO2 + 4H2

Butyric acid production

Å C6H12O6 Ҧ  CH3CH2CH2COOH + 2CO2 +  2H2

Propionicacid production

Å C6H12O6 +  2H2Ÿ 2CH3CH2COOH  +  2H2O

Lactate production

Å C6H12O6Ҧ  2CH3CHOHCOOH

Ethanol production

Å C6H12O6Ҧ 2CH3CH2OH    + 2CO2

VThe absence or presence of  hydrogen-consuming microorganisms in the microbial 

consortium also affects the microbial metabolic balance

Mixed acid fermentations

lower yields ofH2

Heat treatment  (100oC, 15min)
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Bioethanol production

The production of bioethanol from traditional means, or 1st generation
bioethanol is basedupon starch crops (corn and wheat)and from sugar crops
(sugarcaneandsugarbeet)

It could be usedas transport fuel (blendedwith petrol at 5%). A wide rangeof

usesin the pharmaceuticals,cosmetics,beveragesandmedicalsectors

Although cellulosecanbeefficiently hydrolyzedto glucoseand then fermentedto ethanol,

xylose and other C5 sugars, releasedduring hemicellulosehydrolysis, are much more

difficult to beefficiently fermented(Jeffries,2006).

Bioconversionof both C5 andC6 sugarsto ethanolis oneof the

most important issuesto make bioethanol as a commercially

viable product. Pichiastipitisis reported to be the most efficient

and highly productive strain for significant ethanol production

from xylose(Chengetal., 2008).


