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Course Overview

v Course code: ESE404
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Course Topics

» Bio-energy: Origin — Types- characteristics- technology of
production and cost.

» Biomass resources: agriculture energy crops, woody crops (trees)
- crops residues - forest residues — animal wastes

» Advantages and disadvantages of different biomass resources

» Thermal, chemical and biochemical conversion

» Uses and markets of biofuels

» Technology for producing Bio-power: combustion and gasification -
steam or gas turbines, fuel cells, anaerobic digestion of manures to

produce methane

Course Objectives

> To understand the basic principles of Bioenergy.

> To differentiate between non-renewable and renewable energy recourses.
> To differentiate between the different biomass resources.

» To learn how to produce biofuels from biomass.

> To compare between the characteristics of each biofuel.

> To be familiar with Thermal, chemical and biochemical conversion taken

place in the biofuels production.
» To understand the basics of combustion and gasification

> To relate the cost of biofuel production to its benefits.
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Four Main Parts to be Covered

Bioenergy Resources

Production of Biofuels

Applications of Bioenergy

Bioenergy Economics Concerns

World Energy Picture

Our Needs: electricity, transport, heat

Requirements: coal, oil, gas

Challenges and Concerns:

- Pollution & Climate Change .
- Resource Depletion, Security.
- Rapid increase in population,
increase in energy demand.
- Price: people can't afford the

energy they want.

of Oil Equiv.

Million Metric Tons.

Egypt Energy Consumption

Wind
& Coal

Hydro
" Gas

= 0il
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Types of Energy Resources

2%1%

e Solar energy
e Hydro power
¢ Biofuel
e Biomass
o Tidal energy
e Wind energy
’ ¢ Nuclear energy
Renewable

mOil

m Coal e Qil

m Natural gas e Natural gas

= Renewable source Non- | ¢ Coal

= Nuclear | renewable

m Hydro

Other sources

WHY RENEWABLE ENERGY?

<« The fast-growing population, and industrialization have
increased the demand of energy in developing countries.

<« The current demand of energy depend on sources are non-
renewable in nature such as fossil fuels.

< Up to 2040, all the resources of fossil fuels will be finished.

<« So, for this reason scientists are focus their view on the
alternative renewable energy resource such as solar

energy, biogas, biodiesel, wind power, tidal energy etc.
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What is fuel?, Can you imagine life without it?

Fuels are any material that stores potential energy in forms that can be
released and used as heat.

<« They are required for a variety of purposes such as:

1) Transportation: it accounts for 25% of energy demand and nearly
62% of oil consumed.

2) Electricity Generation:

> More than 60 % of electricity generated comes from fossil fuels.

3) Heating:

any heating purpose, such as cooking, water boilers.

4) In industry:

production of petrochemicals such as plastics, lubricants, pesticides,
etc.

» The generation of electricity is the single largest use of fuel in the world.

10
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Chemical composition of fuel

nitrogen and sulfur.

< Petroleum (black gold) is a complex, naturally occurring
liquid, and in usages it includes crude oil and natural gas also.

+ It contains four different forms of hydrocarbons with different
molecular weights, chemical properties, and organic structures.

< Most of the world's petroleum is to be found in the Middle East.

< It is a mixture of hydrocarbons, and some compounds of oxygen,

Element Wt. % Hydrocarbons | Wt. %
“ Natural gas contains
. Carbon 83-87 | Alkane 30
hydrocarbons in gaseous
forms, and methane (CH,) Hydrogen 10-14 | Naphthalene 49
is the major component. Nitrogen 0.1-2 Aromatics 15
Oxygen 0.1-1.5 | Asphaltic 6
Sulfur 0.5-6
Metals <0.1

12
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They consist of straight chains or cyclic chains of carbon atoms.

Any compound in petroleum contains from 1 to about 60 carbon atoms.

H4
Composition of Crude Oil
Crude Oil
| 1
Hydrocarbons Non-Hydrocarbons
|
| I T 1 [ | I I

Aliphatic Aromatic Naphthalene Asphaltic Sulfurs Nitrogens Oxygens Metalics
C1-Cs (CéHs)n cycloalkanes  Heterocyclic Zn, Fe, V
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Refining of Crude Oil

During refining of crude oil, the lighter hydrocarbons (gases) move up

in the distillation tower.

Petroleum delivered
from well field

Gasaline
(Petral)

pesALTING| Water washing to
remove impurities

Kerosene

Crude Qil Diesel Qil —
REFINING DIS-t'I”atIOI’_] to separate by cusl ol
boiling point ranges
Conversion reactions to Lubricating Oil,
REFORMING Parafinttia,
alter molecular structures Aephalt

FURNACE

sjonpoud wnajosed

Mixing to obtain maximum

BLENDING . L
commercial characteristics

Schematic representation of
distillation towers

14
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Distillation
C

©2001 How Stuff Works
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Important Chemical Reactions in Petroleum

» Cracking processes take place in petroleum refining to break down
heavy hydrocarbons into lighter products. The catalyst used is often
silica or alumina

CyH,g + heat + catalyst  —  Cj,Hyg + CgHyp + C4Hg
» Combustion of some petroleum products

1- Combustion of clean products such as natural gas and gasoline:

CHg4 + 2 05 -> 2 H50 + CO5 + Energy
2CgH,5 + 250, > 16CO, + 18H,0 + Energy

2- Combustion of Petroleum Contaminants:

CH4 +2 05 + Ny + HyS -> -
2 H;0 + CO5 + CO + NO + NO; + SOp + Energy

16
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Problems and disadvantages of fossil fuel

Fossil fuels: They are hydrocarbon fuels that take millions years
to be formed.

» They are nonrenewable (once used it is no longer available)

» They are very hazardous and cause environmental pollution
because their burning releases CO, or CO.

» Their prices are always in rising

» Power stations consume lots
of fuel and effort to generate (impermeable) ¥
electricity, they will be stopped if ?‘

there is reduction in fuel. Hydrocarbon

accumulation
in the
reservoirrock —-&=--- s

Top of maturity

:( Oil/water
contact (OWC)
~

Migration route

Seal™
/

Reservoir
rock =
f

What is the solution 11!

Source rock

17

He

Alternative energy - Bioenergy

Bioenergy: energy produced from recently living organic matters called biomass
These matters can be :

burned directly for heat (traditional biomass) or
converted to biofuels such as biodiesel or bio-ethanol.
~ Sources of bioenergy :
- Biofuels

“Liquids: Methanol, Ethanol, Butanol, Biodiesel
“ Gases: Methane, Hydrogen

- Bioheat
“ Wood burning

- Bioelectricity
< Combustion in Boiler to Turbine
< Microbial Fuel Cells (MFCs)

18
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Steam boiler with steam turbine

Steam or Hot Water _} Cooling/Heating

Building
or
Facility
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HO
History of Bioenergy

» Biomass such as wood & crops are used to
burn for heat and lightning long time ago.

» 1850s: Ethanol used for lighting.

1896: 1st ethanol-fueled automobile, the Ford

Quadricycle.

1908: 1st Ford Model T working with ethanol

WWI and WWII: Ethanol used due to high

oil costs.

1990s: Ethanol was the most recent biofuel popularity

Increased in response to high emissions standards & increasing I
demands for enhanced fuel economy.

20
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Bioenergy cycles

Lessons from Nature

Carbon Dioxid

Carbon Fixation

carbon dioxide
carbohydrates

f is: light .
2n CO, +4n H,0 —¥ 2(CH,0), + 2n 0, + 2n H,0

SOLAR ENERGY.
+ €O, « FIBREVehicule.
-

PHOTOSYNTHESIS
NYERTS

CO, TO FIBRE

The CleanFuel Cycle

SUSTAINABLE ENERGY-WERHING GREENHOUSE EFFECT

Plants use the energy of the sun to grow. Plant file, called cellulose, is the most
abundant organi on carth, logen's ke
i o

igars and ethanel.
material as an ethanol feedstock offers environmental
her feedstocks or fuels.

Using €0; 4
advantages unequalled by of

€Oy

1N

USEAS FUEL

HARVESTING DISTRIBUTION

CelluloseE: thanol
Refini

CELLULOSE ETHANOL CARS BURN ETHANOL

s CONVERTS FIBRE TO sl TORELEASE CO.

ETHANOL, ELECTRICITY WHICH 15 RECYELED

Photosynthesis is a biological carbon fixation process utilized by plants to
obtain energy in the form of carbohydrates.

21
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Wood i Crops
Garbage I b

Landfill Gas Alcohol Fuels

» They are all living or recently living organisms,
animal/plant waste, industrial and municipal waste

» The main components of biomass are:
carbohydrates & lignin (+proteins, lipids)

ZH:EJH EH,DH In,rw . ] N H13
H ¢—oO W 4—o0 W A—o T microfibril
- ~
Kimppe-Kepp-Keop
"
M b b
Carbohydrate (Cellulose) Cellulos
bundie:
Fats
e e e e e e [ o CH
T T T T T H I H i &
R ; N A on
i
. Gonin

» Biomass can be classified into two categories: T e
Woody and non-woody Biomass. il O

23

+ Coconut - In areas common with coconut trees. Their hulls
burn efficiently with very little residue. They are used for
cooking and heating specifically in undeveloped countries.

- Oil Palm - The oil palm provides biomass in two ways: &
direct and indirect biomass. The fruit produces oil,

which can be chemically converted to biodiesel.
The hulls can be burned directly.

Uses of woody biomass:
- Generally burned to heat space or to heat water (direct biomass).

- To produce steam in order to generate electricity via a turbine generator

24
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Non-Woody Biomass

- Such as corn, sugar cane, soybeans, grass, algae.
- It is used as indirect biomass, or to produce different liquid biofuels.
- The most commonly used non-woody biomass is Switchgrass.

- It becomes more attractive to generate ethanol from cellulosic.

The benefits of switch grass over other biomass include:

« It has high cellulose content that makes it an ideal direct biomass.

- It is also mechanically converted into pellets for easy transportation.
o Perennial (lowers costs) ,oso Jgaxo

o Improved soil quality from not plowing each year
o Relatively high yield even in bad lands aJlc a.>lul
o Drought and pest resistant Wle=Jl ¢ ©BW pglso i
o Low water and fertilizer needs 6,5 @Sy slocw 9 slod gy V

25
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Other agricultural wastes and biomass

- Animal manure, food processing waste, yard waste, municipal
wastes, sewage, industrial waste.

» Wood processing mill residues o Paper & pulping waste slurries

%WQ&

cu\urg,
) Resi, ¢
> Y "'-"r(;_%

S =

Cropg|

§ 1 %Ps
a8 Levdue
& o'
2%

Biomass is an eco-friendly power source

26
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Average heat energy content of fuels

Fuel Energy content  Fuel Energy content
Gt' Gm? Gjt' G)m?
Wood (green, 60% moisture) 6 /i Straw (as harvested, baled) 15 .5
Wood (air-dried, 20% moisture) 15 9 Sugar cane residues 17 10
Wood (oven-dried, 0% moisture) 18 9 Domestic refuse (as collected) 9 1.5
Charcoal 30 ¥ Commercial wastes (UK average) 16 A
Paper (stacked newspapers) 17 9 Ol (petroleum) 4 34
Dung (dried) 16 4 Coal (UK average) 28 50
Grass (fresh-cut) 4 3 Natural gas (at supply pressure) 55 0.04

Note that the composition of coal and most biofuels is variable and the energy content per kg can differ significantly from the
above averages. The energy per cubic metre depends on the density and can vary even more widely. (" Indicates dependence on

specific types of material.)

27

Uses of Biomass

Many important non-energy uses
- Food for humans

- Animal feed (a major and growing use)

- Lumber & other construction materials
- Clothing (cotton, wool, linen, leather)
- Paper, packaging, etc.

Energy uses:

e To produce heat or electricity

e Convert to Gas (CH, or CO/H,)

e Convert to Liquid Fuels to be used in transportation.

PowerPlugs

28
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Alternative and renewable fuel

Biofuels:

[
Any hydrocarbon fuel that is produced from living organic

matter in a short period of time (days, weeks, or months).

They are alternative of fossil fuels, so they are ways of
energy security.

They burn cleaner than fossil fuels, resulting in fewer

emissions of greenhouse gases or substances that cause acid
rain such as sulfur.

They are biodegradable, so when spill, less harm is done
compared to when fossil fuels spill.

29

Why biofuels?

There are many reasons forced us to use biofuels:
1. To reduce our dependence on fossil fuels

2. To reduce reliance on foreign oil

3. To lower emissions of green house gases

4. To bring business to rural economics

Advantages of biofuels

1. Locally available in every region of the world.

2. Friendly with the environment: do not cause global
warming — do not emit any hazardous gas

3. Highly energetic: the energy release per unit mass of
biofuel is greater than that of fossil fuels.

30
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2
el Greenhouse Gas Emissions by Transportation Fuel

And Type of Energy Used in Processing

19%

Reducti
eduction 28%

Reduction Environmental Benefits

52%
Reduction

78%
Reduction 86%

N Reduction

Sugarcane Cellulosic

Gasoline Corn Ethanol Ethanol Ethanol
Petileurn  Curent Natural  Biomass Biomass Biomass
Average Gas

Sources: Wang et al, Envimoer. Reseamh Lelters, May 2007; Wang et al, Life-Cyele Enemyy Lse amd
SHT fplications of Brazilian Sugamane Ethanol Sirwlgted with GREET Afode!, Dec. 2007
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Converting Biomass to biofuels

According to the production method, there are three Generations of
biofuels:
1- First generation: called Conventional Biofuels, made from

sugar, starch, and vegetable oil.

Oil seed rape |:'> oils |:'|> biodiesal
Oil palm
i.e produced from edible Stuffs, this Wheat ek
starches 3 E
. . Sugar beet > cugars > bioethanol
will affect the feed security ® (@ Sugar cane
First generation biofuels

2- Second generation Biofuel: called advanced biofuels, made
from non edible plants.

Second generation biofuels

Biomass crops : . i aui

Feed é} Miscanthus |:> hgnocellulose:> liquid fuels
. Switchgrass

Security @ Willow E heat

pptloi ‘—> biomass electricity

Heat and power

3- Third generation Biofuel: made from algae and microbes.

32
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Converting Biomass to biofuels

Production of biofuel from algae

33

Types of Biofuels

I) Liquid biofuel II) Gas biofuel
- Biodiesel
- Bioalcohol - Biogas
v Methanol - Syngas
v Ethanol
v Butanol

34
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Types of Biofuels
1) Biodiesel

Liquid
Biofuels
It is a famous biofuel in Europe. It contains a reduced amount of

carbon and higher hydrogen and oxygen content than fossil diesel.

Synthesis: Produced from trans-esterification of oils or fats mixing
with methanol and sodium hydroxide.

{triglyceride)
(Catalyst
H H H o) o) H H H
] | | (methanol) ] | [
H=C=——C —C=—H <+ ic40n po 3CH~-0-C-R, -+ H-C—C—cC-H
| 1 I : : (biodiesel)
o o o OH OH OH
] ] ] {glycerol)
[ c c
A ”, F/
o7\ o7\ o7\
R R. R
! 2 3 Inputs Outputs
Applications: Vegetable olls BioDiesel
p p . . — Esterification [r—
1- car diesel engine
Methanol

2- effective solvent
3- oxygenated fuel

35

Trans-esterification

It is base catalyzed reaction of oil with alcohol to form fatty acids and

then to form alkyl esters (biodiesel). o 0
[ HO-FR’ I
The formed biodiesel can replace  R-Cc-0R” ==  R-C-OR’

the petroleum or mix with it.
Oils used in synthesis are: vegetable oil, animal fat, or grease.

100 kg of latropha seeds
3 kg of methanol

7o kg of oil cake
30 kg of Jatropha
oil

30 kg of biodiesel

3 kg of glycerol

Catalyst
(KOH,NaCH)

36
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General Biodiesel Production scheme

Methanol Raw Oil
Catalyst Crude Biodiesel (methyl ester)
NaOH Crude glycerin Acid
Excess methanol l (phosphoric)
Catalvet Catalyst KOH
I\:i:i:; i o t ‘_lficahon Neutralization

Methanol
Recovery

Recovered methanol

Biodiesel,
glycerin

Phase Separation
gravity or ——— Crude Glycerine
centrifuge

Biodiesel,
impurities

Purification | Wash water
(washing) |e———

BIO-DIESEL PLANT water  Fertilizer l Fuel Grade
K;PO, Biodiesel

37

Feedstock choices

The main feedstock for biodiesel fuel are:

1. Virgin oil feedstock:
Rapeseed - soybean - jatropha

Rapeseed Palm oil

2. Algae:
Algae can be grown using waste materials such as sewage [
and without making use of land used for food production.

3. Animal fats:

Yellow grease, chicken fat, and the by-products of the
production of Omega-3 fatty acids from fish oil are
increasingly used as biodiesel fuel feedstocks.

38
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Advantages & Disadvantages of biodiesel

Advantages:

1. Clean fuel as it does not contain carcinogens, has lower sulphur
content than the mineral diesel.

2. Biodiesel reduces carbon dioxide exhaust emissions by up to 80%.
1. The smell of the biodiesel exhaust is far more pleasant.

3. It possesses high lubricating property so engines last longer.

4. Improves engine efficiency and operating life cycle.

5. Readily mixes with petroleum diesel fuel in any ratio.

6. Has higher flash point, so it is safer in transport and storage.
Disadvantages:

1. Higher production cost.

2. Biodiesel attracts moisture more likely than petroleum diesel.

39
Lab work for biofuel synthesis
Synthesis of biodiesel from cooking oil waste
I ™9
L

. 0.8 g NaOH in 10 mL Heating the oil Adding the catalyzed alcohol

10%;“' ol ethanol (0.5% catalyst & at 130 °C to oil and keep stirring for 2
9 10% alcohol of the oil mass) hours at 130 °C

=

gl

Adding some water to wash
the oil from any residue, keep
it two hours for separation

After stirring, keep it for 12
hours till cooling and the
glycerol settle down

Separating the oil (upper layer)
from the glycerol (lower layer

40
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Lab work for biofuel synthesis
Synthesis of biodiesel from cooking oil waste

Now, you have biodiesel,
keep it for testing

Repeat the washing two more times or
Separate the oil (upper layer) until the pH of the oil become 7 (neutral)
from the glycerol (lower layer

Add some water and stir,

The glycerol part is B
soap foam is formed

ready for forming soap

41

Liquic Types of Biofuels |
2) Bioalcohols B

Biofuels

[ Biologically produced alcohols, most commonly

ethanol, and less commonly propanol and butanol.
01 Synthesis: They are produced by the action of micro-organisms and

enzymes through the fermentation of sugars or starches (easiest), or
cellulose (which is more difficult because it requires pretreatment
and burning of lignin).

Fermentation: a form of anaerobic respiration used primarily by
yeasts when oxygen is not present in sufficient quantity.

Starch/cellulose

yeast
H(CgH,405).OH
CoH 0 ————> 2CB,CH,0R + 200, +  heat (CeH1a0s)s
glucose ethanol carbon dioxide + Enzymes
L sole 2 sol (26.4 Keal)
moles 2
(180 q) (92 q) (3’.3}“ Glucose
n CgH .04
Expressed in kg , the equation is as follows: l
glucose ———3 ethanol + carbon dioxide + heat

489 g Ethanol Carbon dioxide

1 kg 511 ¢ +
? LY 20CHOH  + 2nCO,

42
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J

[ Different feedstock:

o

Corn - sugar beets - sugar
canes - switch grass

u

ES

MJ/kg EtOH

[l Benefits of bio-alcohols

w

1. Renewable energy source ,
2. Burns more cleanly because of
its complete combustion ' :-
i .
p ol
3_ Reduces greenhouse gases_ \ corn (USA) Sugarbeets  switchgrass Sugarcanes
(France) (USA) (Barazil

4. Fuel spills are more easily biodegraded or diluted to non-toxic
materials.

5. Any plant can be used as feedstock provided that it contains sugar
and starch.

O Applications: Bio-ethanol is the most commonly used bio-fuel in
the world and particularly in Brazil. It is used as:

1- Petrol engines as a replacement for gasoline

2- Fuel for vehicles

43

Lab work for biofuel synthesis
Synthesis of bioethanol from sugar and yeast

Making sugar solution, and

3 gsugar & 0.5g yeast . ; .
dissolving the yeast in some water

Mixing the two
tubes together

Keeping for few

o Ethanol is formed and should System used fro distillation
ours

be distilled from the mixture

44
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Comparison of different liquid biofuels

Biofuels are counterparts to traditional fossil fuels, see table

« The energy content of ]

biodiesel is about 90% that of Biofuel

petroleum diesel.

is about 50% that of gasoline. --
» The energy content of butanol

is about 80% that of gasoline. --
- Biodiesel is sulfur free and it

hydrocarbons which cause

cancer.

45

Types of Biofuels Gas
3) Biogas Biofuels

Biogas is a clean and efficient alternative fuel. It is a

mixture of: CH, (major constituent 65%)-CO,-H,-H,S - NH;.

0 Synthesis: it is produced by a process called (digestion)
which is an anaerobic breakdown of biodegradable
materials such as manure, sewage, green waste, plants
with bacteria (methanogens) in the absence of oxygen.

U It is produced in a closed system called digester.

0 The heating value of biogas is about 60% of natural gas
and about 25% of propane.

digester

Organic Matter + H,O + Bacteria Tdays) CH, + CO, + other gases

46
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High
Strength Agricultural
coD Residues

Waste Potential Animal
water Feed | Waste
sludge Sources for v
Biogas
Forest &
Municipal Industrial
Organic Woody
Waste Waste

Kitchen
Organic
Waste

47

Overview on Anaerobic Digestions

> Processes taken place:
Liquefaction
Acid Production
Acetate Production
Methane Production

» Their Benefits:

Reduce: Smell - Greenhouse gas - Pathogen level
Produce biogas

Improve fertilizer value of manure

Protect water resources

48
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Production steps of biogas

» The anaerobic decomposition of organic matter occurs in
a four-step process:-

1- Hydrolysis (liquification): the slowest step in which

the hydraulic bacteria convert complex organic materials

into simple liquid materials.

2- Acidogenesis: acidogenic bacteria convert the sugars

and amino acids to alcohol and fatty acids.

3- Acetogenesis: acetogenic bacteria convert fatty acids

and alcohols into H,, CO, and acetic acid.

4- Methanogenesis: methanogenic bacteria convert the

H, and acetic acid to methane gas and CO,.

49

Types of digesters:

»Mesophilic digester: is a kind of bio-
digester that operates in temperatures
between 20°C - 40°C, typically 37 °C.

It is the most used kind of bio-digesters

in the world (90%).

»Thermophilic digester: is a kind of bio-digester that
operates in temperatures above 50 °C. It does not need
agitation- faster in fermentation than a mesophilic digester.

Factors affecting the biogas production:
- Composition of the raw materials — load - digester type -
mixing way - quality of methanogens - temperature.

50
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Design of
Biogas digesters

Blogas outlet

Access
Influent ‘ Effluent
channel channel

Extra Weight

AN

v

Kitchen / Organic waste

Digester &
Retention Tank

Bag digester

To know how to design digester for biogas synthesis, visit this link:
http://www.instructables.com/id/Biogas-Digester/

51

Advantages of Biogas

» The technology of biogas production is widely used in farm
area, thus:

» It reduces the bad smell and protects water resources.

« It improves fertilizer value of manure.

» It reduces global climate change because if the manure is left
to decompose it releases two main gases that changes the
climate:

NO, (warms the atmosphere 310 times more than CO,),

CH, (warms atmosphere 21 times more than carbon dioxide.

- Disadvantages: Biogas has corrosive nature and its storage
is not practical

52
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http://www.instructables.com/id/Biogas-Digester/

Applications of Biogas

)
\

=
.&

rrm— e
A
\ /

1- To produce Electricity 2- Heating purposes

3- Methane can be combusted directly or converted to
bioalcohols.

4- Millions of cows able to produce one hundred billion kilowatt
hours of electricity, enough to power millions of homes.

53

Biogas for better life

54
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Diagram showing Anaerobic Septic Tank linked with toilet and biogas plant

\A

/O A/

55

MAKING BIOGAS

* BIOGAS IS AGGREGATED
IN'THE TANK AND STORED
ATLOW PRESSURE.

.
n

\ ° * GAS FLOWS FROM THE

SYSTEM TO THE KITCHEN
1l NT
s Soe A
UPTO 6 LITERS PER DAY.

L4
« BACTERIA DIGEST THE ORGANIC M
WASTE IN THE TANK AND TURN
IT INTO BIOGAS. ° * LIQUID FERTILIZER S CREATED AS

THE BY-PRODUCT OF THE WASTE
DIGESTION PROCESS

56
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v Heating SO
& Eﬂ e Combustion
' - 5 : products

Fuel Nutrients

\ from land

\"=

Ciona culture Phytopl'aﬂkfoﬂ.
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Types of Biofuels
4) Syngas tofuels

0 Short name for synthetic gas that made up mainly of H, and CO.
It contains also small quantity of CO, and other gases.
0 Synthesis: produced by partial combustion of natural gas or
biomass, and its production is a combination of two main processes:
A) pyrolysis, B) gasification

< Pyrolysis: decomposition of organic material by burning in absence
of oxygen. It is used when the feedstock is solid biomass.

CH; 50067+ 0.33 H,0 — CO + 1.08 H, AH, = +101 kJ/mol
- — - 700-900°C, 1 atm
wood steam syngas

“+Gasification: partial combustion of the biomass in a low oxygen
environment, then passing of hot steam:
CH,; + H,0 —» 3H, + CO

58
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Ul Benifits of syngas:

v'Generation of renewable power

v'Conversion of problematic wastes to useful fuels
v'Reduction in carbon emissions

UApplications :

Syngas is an intermediate compound that holds many valuable
uses:

1- to produce methanol.

2- hydrogen can be used in fuel cells for generating electricity.

3- provided efficient production of other chemicals

Cco — .+ RIEGEREUT) CH,
H, reactor CO;,

H,0

59

Thermal Gas Generation in Dakahlia Plant
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2) Chemical conversio

Combustion
Gasification

Pyrolysis

1) Biological conversion

n

General Conversion Processes
in Biofuel Production

Fermentation: (production of bioalcohol)
Anaerobic digestion (biogas such as methane)

Anaerobic respiration (bio-battery)

Trans-esterification (biodiesel)

3) Thermal conversion (syngas)

To obtain biofuel from biomass, there are three types of conversion:

61

Conversion

Photosynthesis ‘—»’ Biomass ‘—v processes ——{ Biofuels and Bioenergy H Application
. 5|2
— Wet biomass Anaerobic | | Bjogas T ]
o (organic waste, manure) | fermentation | Hz» CHa T T
© - I
A > [a]
Q Gasification S g
= ————»| Fuel gas S 2
= _ , Al
o Solid biomass Combustion i =
(wood, straw) Pyrolysis L] ,LEJ
Pyrolytic oil =
Hydrolysis w
Sugar and starch plants | _Hydrolysis St Ethanol
:'O:N (sugar-cane, cereals) Exiacion ;\f o | Butanol 2 ]
z ‘ermentation % ]
p sl .2
o = ®©
2 : 2| =
Ll Oil crops and algae Crushing T Methyl ester |/ | = o
(sunflower, soybean) Refining (biodiesel)
Transesterification
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