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Fossil fuels remain the dominant sources of energy

worldwide, accounting for 77 % of the demand
increase in 2007 -2030 .

In Egypt

Fossil fuel satisfies about 94 % of primary demand

I 50.4 % oll share
I 43.6 % natural gas (NG) share.
I The restis hydropower at 4.75 % and coal at 1.25 %

Growth of primary energy demand
4.64 % during the last 25 years

Annual rate of growth of oil demand : 3.34 %

Annual rate of growth of NG demand : 13 %



FUTURE

Different scenarios expect that Egypt
will become a net oil importer during
the near future

This trend shall lead to a non sustainable
energy future
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Figure 1. New Renewable Power Capacity (2006—2025)
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New Renewable Capacity

Current {2006)

(by 2025)
Wind 10.5 | 248
Geothermal 0.52 164
B +Hydro 75.0 | 23
I Solar 3.1 | 100
B Biomass 10.0 | 100



Current Ethanol Production

Principally from corn in-the US &
Europe

» FromSSysgarsbdrmBrazil
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Ei:n lnol as a Iransport Fuel

ES85 Price Spread Less

than 15% No prices reported

Reported E85 Prices-Last 30 days
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Annul World Current Ethanol

Production
ETHANOL BIODIESEL
Countr - Feedstocks Cotntr —_— Feedstocks
yGallons Y Gallons

Brazil | 4356 |sugarcane Germany 07 [rapeseed

US| 4,284 [com France | 133 [soybean |
China | 528 [com wheat 3. T |raneseed

EC 291 [sunarbeet wheat sorghumjitaly bl [rapeseed

ndia | 79 |SUgarcane Austria | 22 |rapeseed



Number of People who could be Fed by the U.S. Grain
Used to Produce Ethanol. 1980-2009
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O Gasoline Prices
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Crude oil prices 1861-2010
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Crude Oll (petroleum)
Dated Brent Daily Price

110.18 Crude Qll (petroleum)
Dated Brent, US$ per barrel

As of: Monday, December 05, 2011

Source: US Energy Information Administration



THE PRODUCTION OF LIQUID FUELS FROM

LIGNO -CELLULOSIC MATERIALS




Production of Liquid Fuels

The first generation includes:

Biodiesel
Bioethanol from corn and sugars
Ethyl Tertiary Butyl Ether

The Second Generation

Includes

Biomass to liguids
Cellulosic ethanol
Biooill

Algae biofuels
Biobutanol




Agricultural Residues in Egypt

AEnormous quantities of agriculture waste are
generated annually.

AThe estimated quantities of agricultural residues
exceed 30 million tons per year.

AResidues comprise rice straw, cotton stalks,
maize and sorghum stalks and sugarcane
residues.
ACurrently used as :
U a source of energy in rural stoves
U animal fodder
AMostly disposed of by open burning
SEVERE HEALTH HAZARDS.

Governmental efforts:
ACollection system specifically for rice straw
APlants for composting have been established.




Production of ethanal from
lighocellulosic materials

Principally
Agricultural Residues

Asof 2088 In-Egypt
MORE-THAN . 30 Million Tons

Annually I‘ '



Current R&D&E Trends
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Biomass
Constituents

Lignin: 15-25% —»
= Complex aromatic structure
= Very high energy content

Hemicellulose: 23-32% ’

= Polymer of 5 & 6 carbon
sugar

Cellulose: 38-50%

% Polymer of glucose, very good
biochemical feedstock




Conversion of Cellulose/Hemicellulose to Mixed Sugars
Using Arkenol's Concentrated Acid Hydrolysis

ration Simplified Flow Diagram
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R&D Activities

of Research ‘Team




Experimental

Subl:stratecRice Straw
Bench Scale experiments

U Shredding
o Pratraatinent:
* Alkaline
* Acidic
b Hytdvoiysis: Enzymatic

U Fermentation
Suth-Simaitan2ous znd-Seguential

Saccharification asnid Fermentation

(SHFand $SF) bave beessiivvastigated.
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Enzymes and Yeast

Enzymes:
Viscozyme L
newly developed Cellic «CTec 2

Validase TR

Yeast:

Saccharomyces Cerevisiae.



Pilot Experiments

Shredder
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Nutsche Filter
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Pilot Scale Results

Concentration of ethanol after 36
nrs:

235-23 oy iiter

Conversion Efficiency

a5 Y%
In acreecment with publisired work
using rice straw as sudHstr




Simulation of Ethanol Production from
Rice Straw

A workbook tailored for ASPEN
PLUS has been used to simulate
the proposed scheme




Scheme of ethanol production from rice straw
using ASPEN PLUS
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suspension of pretreated straw

addition wessels

J

fermentation
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cooling water
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Azezoiropic Disiillation for conceniraiior)




