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Chilean balance of energy

Energy source | Production (GJ) | Import (GJ) Dependence
Crude oil 6,434,992 480,457,088 08,7
Natural gas 85,939,360 237,031,968 73,4
Coal 11,589,048 132,532,384 92,0
Hydroelectricity 111,758,824 0 0,0
Wood and other 197,907,384 0 0,0
sources

Biogas 0 0

TOTAL 413,629,608 850,021,440
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Suppossing first generation biofuels

Agriculture in Chile exhibits very high yields for many crops: sugarbeet
(highest yield of the world and highest sugar content); rapeseed (up to the

world average yield); wheat (up to the world major producers); corn (highest
yields in the world).

However there is a strong scarcity of agricultural soils in the country.



Use of soils in Chile

Use type Use Land Surface (ha) | Percentage
capability

Arable soils Non restrictions I 90,846 0.1
I 711,625 0.9

With restrictions 1] 2,195,439 2.9

vV 2,273,670 3.0

Non arable soils Cattle Vv 2,271,144 3.0
Cattle-forestry \ 6,510,613 8.6

Forests VI 12,339,882 16.3

Conservation VIII 14,200,000 18.8

Non agricultural lands Unproductive lands 35,144,147 46.4
TOTAL 75,707,366 100




Potential sown surface for most promising

crops intended for

niofuels production

Crop specie

Cropped surface

Maximun available

Potential available

(ha) for 2006-2007 surface surface

Sugarbeet 22,750 50,002 27,250
Wheat 282,400 315,000 32,600
Corn 134,930 150,000 15,070
Rice 26,530 29,500 2,970
Potatoe 63,910 65,000 1,090
Sunflower 2,680 90,000 87,350

Rapeseed 16,650 235,000 218,350
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Potential of forest resources

13.4 millions of hectares are native forests

About 5 millions of hectares of native forests are productive and have
possibilities to be managed

Additionally, there are about 2.2 millions of hectares of industrial forestry
plantations able to generate biomass for energy purposes.

There are about 3 millions of hectares that have forest aptitude, but they are
not covered by forests, this surface could be planted with species able to
produce lignocelluloses.

However, nowadays the forestry sector is an important supplier of wood,
sawmills, and other residues derived from cellulose plants, contributing with
14% of the domestic consumption of energy. There is a clear idea about
volumes of residues and location of residual biomass.

Sawing industry associated only to Radiata pine plantations would generate
a volume about 1.4 millions of m3.

it does not include the volume of residues produced during the management
of native forests. These last ones could reach a volumen close to 7 millions
of m3 per year.

The use of forest residues is something that could be expected and
stimulated.



dues and dead wood in Lenga forests
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Lenga potentialities

Nothofagus pumilio forests cover a surface that is equivalent to 25.3% of
the chilean native forest. In general terms, these forests are over mature
and have low yields of sound wood for the industry. So, they can be
interesting if considered as raw material able to provide lignocelluloses.
— Productive surface of 600, 000 ha
— Currently surface subjected to management strategies should be: 40,000 ha
(2.000 ha per year)
— Existent volumes:
600 m3/ha + 120 m3/ha Volume of dead wood.
150 m?3 could be destined to industry
50 m?3 are eliminated
10 m3 are used as wood

— Current volume per year of residues generated under this management system
would be 1.2 millions of m3 (1,2 MM m?)

— If 5,000 ha of Nothofagus pumilio forests are subjected to this management, the
estimated production should be 3 MM m3

It would avoid the loss of 3 millions of m3 of dead wood, it would be
equivalent to 402.725 m?3 of ethanol (considering a cellulose content of 40%
and wood bulk density of 400 kg per m3 and a conversion rate of 134,25 L
per m3 of wood) this should be equivalent to 14% of the total consumption
of gasoline (octane 93), according to the last available energy balance.
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The potential use of wheat straw

Cropped surface per year: 300.000 ha
Average national yield: 4.8 tons of dry matter per hectare

Volume of existant wheat straw:

— Harvest index: 45%
— Volume of wheat straw per hectare = 5.87 ton of dty matter per hectare

— Estimation = 1,760,000 tons for all the country

If we could use only 50& of available volume, it should be 880,000 tons of
dry matter

They would be equivalent to 295,353 m3 of ethanol, which represents
10.4% of the consumption of gasoline (octane 93).
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Options for processing biomass to obtain energy
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Pretreatment

Objective: release of cellulose from the cell wall complex

e
e
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* Physical mechanic
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Cellulose hydrolysis mechanisms

T. reesei Cellulase Components
‘Endoglucanases (EG) cut in the middle of the chain.

EG
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-Cellobiohydrolases (CBH) cut cellobiose (DP,) from either end
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*B-glucosidases (BGL) cut cellolbiose into two molecules of glucose
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Residues bioaugmentation



Protein engineering
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Related projects
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Thesis works

* Pretreatment and biomass characterization:
— Felipe Villasefior
— Carolina Vicuia
— Consuelo Fritz
— Victoria Cortinez
— Ricardo Pezoa
— Pablo Santibafiez
— Stephanie Oyaneder
— Waldo Aracena
— Sebastian Juri
— Leonardo Stari

« Economic evaluations of biofuels plants:
— Diego Schneuer
— Roberto Sotomayor
— Carlos Véjar

» Cloning and enzymes engineering:
— Alejandra Guerrero
— Alejandro Salinas
— Marcela Vega
— Ivan Gajardo
— Javier Jofré
— Patricia Lozada

*  Fermentation:;
— Tomas Niklitschek
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Possible future proposals

« APOYO A LA FORMACION DE REDES INTERNACIONALES
ENTRE CENTROS DE INVESTIGACION (CONICYT):

— BIOCOMSA - Bioproducts Discovery & Development Centre (BDDC)-
Universidad de Guelph - Forest Products Biotechnology/Bioenergy Research
Group of University of British Columbia.

— BIOCOMSA — Process Chemistry Centre, Abo Akademi University, Turku.

* VIII CONCURSO NACIONAL DE PROYECTOS DE DESARROLLO
DE RECURSOS A NATURALES FUNDACION COPEC -
UNIVERSIDAD CATOLICA:

— Mejoramiento de pretratamiento de materiales lignocelulésicos para la produccion de
bioetanol de segunda generacion: uso de liquidos iénicos y celulasas mejoradas.



