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ABSTRACT

Gaisification was chosen as one of the more conventional methods for conversion of biomass due to some important
reasons such as space consideration, flexibility of fuels used, reducing the volume of solid waste and recovery of
energy. Essentially, the process of gasification involves partial combustion of the organic part of the fuels to
combustible gas rich in carbon monoxide, hydrogen and some saturated hydrocarbon gases, principally methane.
The affecting parameters on the performance of the gasification such as (temperature, catalysts, gasifying
agent/biomass ratio) and the type of raw materials were reviewed and discussed.

INTRODUCTION

There are serious problems facing the world todgrhaps one of the world wide problems is the shertof
energy. For the past 50 years, most of the wortdg@nhas come from petroleum and natural gas. Buhnof the
existing supply has already been used up. If wéimos to use these fuels at our constantly incnepsite, reserves
will run out in perhaps few years. So, we must lémkother sources and forms of energy. Biomassggnean be
substituted for petroleum in important ways-sucfoagenerating electricity [1].

Fuels derived from biomass may be classified inmlver of ways, but basically they fall into threaimcategories:
solid, liquid and gaseous fuels. The conversioncgse that turns biomass resource into a fuel caeitber
biological or thermo-chemical. Among these conwmrsprocesses, the thermo-chemical process is th& mo
promising route. There are four main thermo-chemimathods of converting biomass: combustion, pysisly
gasification and liquefaction [2]

Gasification was chosen as one of the more corvasitimethods for conversion of biomass due to sompertant
reasons such as space consideration, flexibilitfuels used, reducing the volume of solid waste @mubvery of
energy. Essentially, the process of gasificatiovolves partial combustion of the organic part of thuels to
combustible gas rich in carbon monoxide, hydrogash some saturated hydrocarbon gases, principaltiiane [1-
10].

Gasification is a thermo-chemical process takigce at high temperatures typically >700to convert
carbonaceous materials including biomass, fossikfiplastics, and coal into syngas; which is atuméxof H,CH,,
CO, and C@ Limited amount of oxygen and/or steam is usethagasifying agent and heat carrier agent.

The produced syngas is itself a fuel that can bmatbdirectly producing heat at temperatures higtmam the
combustion products. Moreover, the syngas - if wiglhned - can be employed through different paylswa yield
useful outputs including 1) purified syngas usedas engine, gas turbines, and/or fuel cells tegaa electricity,
2) production of methanol, 3) production of dimdtegher DME by methanol dehydration, 4) productioh
hydrogen, 5) production of fuels like gasoline athdsel through Fischer-Tropsch reaction, and 6)hare via
Sabatier reaction [11]
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Based on the current situation, it can be notided gasification process is inefficient, which aegent render
biomass gasification economically unviable. Gaatfon of biomass for the production of hydrogexh jas will be

emphasized in this project. However, it is welbwn that the gasification of biomass still haseatechnical
problems. Some of these problems is the qualitthefgas produced and tar cracking. There appedrs toclear
necessity of reforming or modifying the gas prodlc€ogether with other possible technical solutjomsygen

introduction, use of high temperature and the disatlysts could be a solution.

In order to reduce energy consumption of biomassvel® hydrogen, this study will introduce a fixéedd
gasification system to investigate the productidnhgdrogen rich gas from biomass and other hydtomar
resources.

The selection of the gasifier is determined by rthikfferent features. A fixed bed gasifier is waterized in
achieving a higher hydrogen content of the gaspoaduct; therefore this investigation choosesithe gasifier.

The effect of the operating parameters such aspgeature, gasifying agent/biomass ratio, pressame) of the
materials, type of biomass) , type of the gasifeactor on the performance of the gasificationesyst will be
discussed.

3. Literatuer Review
3.1 Basic chemistry of gasification
The reaction taking place in the gasifier can baresarized as indicated below:

Partial oxidation:

C+505 - CO dH = -268MJ/kgmol

C + 0y 0 = CO, s cevvcccrc e dH = -406MJkg mol

Water gas phase reaction:

C+H,O0-CO+Hyurii dH = 118MJ/kg mol

Boudouard Reaction

C+COy - 2C0 . dH = 170.7 MJ/kg mol

The heat of reaction for the three processes shaivthe greatest energy release is derived fromctmeplete
oxidation of carbon to carbon dioxide i.e. combwsthile the partial oxidation of carbon monoxidgaunts for
only about 65% of the energy released during cotam&idation. Unlike combustion that produces oaligot gas
product, carbon monoxide, hydrogen and steam cdergo further reactions during gasification asoiaB;

Water gas shift reaction:

CO + Hzo Ll C02 + H2 .............. dH = _42M\]/Kgm0|

Methane formation:

CO+3Hy L1 - CHy +Hy0.....n dH = -88MJ/kgmol

The arrows indicate that the reactions are in diyium and can be proceed in either direction, delpgy on the
temperature, pressure and concentration of thdioeaspecies. It follows that the product gas frgasification
consist of mixture of carbon monoxide, carbon diexihydrogen and water vapour.

Three product gas qualities can be produced frosifigation by varying agent, the method of operatand the
process operating conditions. The main gasifyingnagis usually air but oxygen/steam gasificationd an
hydrogenation are also used. Catalytic steam gasifn is another method of operation that infleebhoth the over
all performance and efficiency.
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Three types of product gas have different caloxifitue (CV)

Low CV 4-6 MJ/N# using air and air/steam
Medium CV  12-18 MJ/N $n using oxygen/steam
High CV 40 MJI/N$n using hydrogen

Low CV gas is used directly in combustion or aseagine fuel, while medium/high CV gases can bazetd as
feed stocks for subsequent conversion into bagmdals principally methane and methanol.

As the use of oxygen for gasification is expensaie,is normally used for processes up to abouMy® thermal.
The disadvantage is that the nitrogen introducet thie air dilutes the product gas, giving gas sithet CV of 4-6

MJ/Nm3 compared with natural gas at 36 MJIRirdasification with oxygen gives a gas with a ngt1D-15 MJ/N
m3 and with steam , 13-20 MJ/N3mit can be seen that while a range of productoueities can be produced,

. . . 12) " L
economic factores are a primary conS|deragt|onThe over all energy efficiency of conversion arbass to energy
using gasification is estimated as 75-80%.

3.2 Feedstock pre-treatment and properties

The degree of pretreatment of the biomass feedstodependent on the gasification technology u3é@ main
challenges area are:

Drying; the biomass moisture content should be below 1% Hefore gasification.

Particle size, in most gasifiers, gas has to pass through thmdmss and the feed has to have sufficient compeessi
strength to withstand the weight of the feed ab&ed particle size in the range of 20-80 mm yrieal.

Biomass characteristics: The characteristics of the biomass feed stocle l@asignificant effect on the performance
of the gasifier of these, the most significant elcteristics are:

» Moisture content. Moisture content above about 30% makes ignitioficdit and reduces the CV of the product
gas due to the need to evaporate the additionatureibefore gasification can océt? . A high moisture content
reduces the temperature achieved in the oxidatare,zresulting in the incomplete cracking of hy@dmons
released from pyrolysis zone. Increased levelsa@$tre content and the presence of CO produegsyHhe water

gas shift reaction and in turn the increased hyelmogpntent of the gas produces morgy@iy direct hydrogenation.

» Ash content. High mineral matter can make gasification impossifilhe oxidation temperature is often above the
melting point of the biomass ash, leading to climgdslagging problems in the hearth and subseqteed
blockages. Clinker is a problem for ash contentsvalb%, especially if the ash is high in alkalides and salts

(12)
which produce eutectic mixtures with low meltmgrps
» Volatile compounds: The gasifier must be designed to destroy the tadsthe heavy hydrocarbons released
during the pyrolysis stage of the gasification @sses.
 Particle size: The particle size of the feedstock material depamdthe hearth dimension but is typically 10-20%
of the hearth diameter. Large particles can formddas which prevent the feed moving down, while ltena
particles tend to clog the available air voidagading to a high pressure drop and the subseghetttasvn of the
gasifier.

3.3. Typesof gasifiers

Several types of gasifiers such as fixed bed hndiZed bed have been developed; Theses gasiigere different
hydrodynamics especially the way in which the séliel and the gasification agent and operating ttmms such as
temperature and pressure.

The reactor used in the gasification of crop residan be classified as fixed bed fluidized bed emtdained flow
gasifiers:

3.3.1. Fixed bed gasifier

The moving bed reactors are those reactors in wéndild move either counter current or concurrenth flow of
the gas as reaction takes place and the solidsoarerted to gases In moving bed gasifiers, ais @giassed through
the bed of fuel, fairly discrete reaction zonesaleped along the reactor. Theses are drying, psiylgasification
and oxidation zones. The location of these zondisargasifier depend on the relative movement eftlel and air.
Moving bed gasifiers are usually classified as afiddown draft and cross draft.
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Upraft fixed bed gasifiers: In the updraft gasifiers, the feed is introducethattop of the reactors and the air at the
bottom of the unit of the grate. Immediately abdhe grate the solid char formed higher up the gasib
combusted and the temperature reaches about 1008shCfalls through the grate at the bottom andhbst gases
pass upwards and are reduced. Higher up the gasiiee biomass is pyrolysed in the top zone, tlesl fis dried,
cooling the gases to around 300-400 °C. In the Ipsi® zone, where the volatile compounds are relbas
considerable quantities of the tar are formed witichdense partly on the biomass higher up andypladle the
gasifier with the product gas. The temperatureh@ngdasification zone is controlled by adding steéarthe air used
for the gasification. Due to the low temperaturgtef gas leaving the gasifier, the overall enerffigiency of the
process is higher but so also is the tar contetthefyas. The filtering effect of the feed helpsaiproduce a gas
with a low particulate content.

For heat applications at capacities below 10 MVigfjraft gasifiers are most popular. Because thelagmss this
gasifiers at relatively low temperatures, the pssdaas a high thermal efficiency

Downdraft fixed bed gasifiers: In the down draft gasifiers, the feed and the awenin the same direction. The
product gases leave the gasifier after passingugfiréhe hot zone, enabling the partial crackingheftars formed
during gasification and giving a gas with low tantent. Because the gases leave the gasifier utetrgeratures
about 900-1000 °C, the overall energy efficiencyaoflown draft gasifiers is low, due to the high theantent
carried over by the hot gas. The tar content of gleduced gas is lower than for an updraft gasifiet the

particulates content of the gas is h[éhlz].

Khater et al[13] have studied the gasification of rice hulls in dosvaft gasifiers. The feeding rate of rice hull3-1
5.1 kg/h and the air flow rates of 2-4.4 m3/h wased. They found that at a stoichio-metric airuel fatio of 55 %,
the maximum yield of combustible constituents ia finoduced gas (13.6%CO, 5.1%2.4% CHy) .

Kumabe et all4] have studied the co-gasification of coal and biamagh air and steam for production of
synthesis gas. The experiment was performed usiohgnadraft fixed bed gasifiers at 900 °C. The dffeic feed
stocks with varying content of the biomass and @rathe gasification was studied by varying thenidss ratio
from O to 1. They found that the conversion to igaseased with the biomass ratio while the coneersd char and
tar decreased. The gas efficiency of 65-85% waaiméd under the condition of co-gasification.

Cross-flow fixed bed gasifier: In a cross flow gasifier, the feed moves downwavtige the air is introduced from
the side, the gas being withdrawn from the oppasie of the unit at the same level. A hot comlmmggasification

zone form around the entrance of the air, while giilysis and drying zone being formed higher g tessel.

Ash is removed at the bottom and the temperatutkeofias leaving the unit is about 800-900 °C; asrsequence
this gives a low overall energy efficiency for fhi@cess and a gas with higher tar content.

3.3.2. Fluidized bed gasification

In the gasification of crop residues, the matesaheated to a high temperature causing a serigdysical and
chemical changes resulting in evolution of volapi®ducts and carbonaceous solid residues. The rdnadithe
volatile products and their composition dependtba:heating rate, the temperature, and the tyfgebaterials. It
is generally accepted that the char gasificatiagestis the rate limiting factor in the gasificatiohcrop residues
because the devolaitization stage is very fast. ddraposition of the final product gas is also delseh on the

degree of equilibrium attained by various gas phiasetions particularly the water gas shift reactb 151 In the
absence of a catalyst, gasification of char witictize gases such as oxygen occurs at high terpesat

When char is gasified in the presence of the stélaengas produced is composed mainly of COp(» and CHj,.

In reactor operating at low temperatures, low Imgatiates and very high pressure secondary reactionyery
important because of long residence time. On therohand, at low pressure, high temperature anld hégating
rates, most of the volatile products escape froanfilel particle during the pyrolysis, hence, redgdhe chance of
solid char gas interaction. In fluidized bed gas#ithe latter prevails but because of the mixiamme of the bed,
secondary reactions in the gas solid and gas phkss place

Crop residues gasification process is considerdoetoccur in four stages: drying of the feed stgmjrolysis to
produce the volatile matters and char, gasificatibthe char with reactive gases such gskQ, H.O and secondary

reactions of primary gases and tars. These praeessenot, however, be entirely separated from otur[26].

The advantages of the fluidized bed reactors acal gmas solid contact, better temperature contsaleléent heat
transfer characteristics and high volumetric cagacihe temperature can be controlled by varyhegfeed rate or
the rate at which the gasifying agent is introdudedaddition, because of the low operating temjpeeathat can be
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achieved slag and clinker formation can be avoidddidized bed reactors have wider adaptabilityhtmdle
different types of fuel. High ash or moisture cantef the feed stocks pose no problems to theiflai gasifiers
such as those commonly encountered with movingdaesifiers. The tar content of the gas obtained ffloidized
bed is less than that in the gas obtained in thigafip These desirable features of the fluidized dasifers makes it

more suitable for large scale operation than doaﬁndype[m- 17],

The disadvantages of the fluidized reactors amgel@ressure drop, particle entrainment and erasidhe reactor
body. Because fluidized bed reactors operate aspres slightly above atmospheric, their designcamdtruction
must prevent leakage. Other drawbacks of the fterflibed gasifier lie in the rather high tar contefnthe product

gas and the incomplete carbon burn .

Fluidized bed gasification has been extensivelyd uUse coal gasification for many years, its advgetaver fixed
bed gasifiers being uniform temperature distributichieved in the gasification zone. The uniformity the

temperature is achieved using a bed of fine gramaterial into which air is introduced, fluidizitlge bed materials
and ensuring intimate mixing of the hot bed matsyidoe hot combustion gas and the biomass feed.

Fluidized bed gasifiers can be classified on thgisbaf their configuration and the gasifying ageatocity into
bubbling fluidized bed, circulating fluidized bedd spouted fluidized bed.

Bubbling fluidized bed gasifier

The bed is termed a bubbling fluidized bed whemgla material are lifted in a vessel through \ehém upward
flow of gas is passing at a flow rate where thesguee drop across the particles is sufficient fpsut their weight.
In bubbling fluidization, low fluidization velocitjust above the minimum fluidization passes throtighbed in the
form of bubbles.

Bubbling bed gasifiers consists of a vessel wititagyiat the bottom through which the air is intrastlicAbove the
grate the moving bed of fine grained material wtich the prepared biomass is introduced. Regulaifathe bed
temperature to 700-900 °C is maintained by cont@lthe air biomass ratio. The biomass is pyrolyisethe hot
bed to form char with gaseous compounds, the higlecualar weight compounds being cracked by contéttt the

hot bed materials, giving a product gas with a tamcontent typically 1-3g/ R

The bubbling bed gasifiers can be categorized diougrto the number of the bed, which can be appitedll
fluidized bed as single fluidized bed and multidized bed12] .

Single fluidized bed gasifiers. The system consists of one bed only, into whiud feedstock and the gasifying
agent enter and out of which the produced gas &ad exit. The advantage of the system include,wa dost
compared to the multi bed, less maintenance dtlestase of one bed only, the produced gas is rieadytilization.
On the other hand the system has some disadvanfBgese include; the produced gas heating vall@nier than
that produced by the dual bed, the separation efitbrganic materials in the feedstock is impossilplyrolysis
occurs in the combustion zone at the bottom ofytisfier which leads to non unifiorm temperaturstrithution.

Dual and muti fluidized bed gasifiers: the system consist of more than one bed and usin@lfirst bed is used to
burn some of the char to produce the energy fosém®nd bed in which the pyrolysis occurs. The athge of the

dual bed system were reported by many AutHdB. These include the gas heating value is largen that
produced by the single bed gasifiers because thbgstion of the char occurs in a sepearte reacirance the
combustion gas does not dilute the pyrolysis gagamtion of the inorganic material in the feeghassible. The
disadvantages, high construction cost and moreter@nce requirement as compared to the single bed.

Keiich Tomishige et d18] have studied the gasification of the biomass liygusingle bed and double bed gasifier.
It was found that in the dual bed system combing&hll vguitable catalyst, almost the tar can be cdedeto syngas
at lower temp. than that needed by the conventiorhod with high energy efficiency.

Circulating fluidized bed gasifiers

If the gas velocity in a bubbling bed is furthecri@ased, more particle will be entrained in the gesam and leave
the reactor. Eventually, the transport velocity floe most of the particle is reached and the vesselquickly be

empty of the solid unless additional particles f@e to the base of the reactor. If the solid leguine vessel are
returned through an external collection system tie system is called a circulating or fast flo@tl bed system.
The circulating fluidized bed have high processiagacity compared to the conventional reactortebegias solid

contact and the ability to handle cohesive solidg bther wise be difficult to fluidize in a bubiyi fluidized bed.
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Despite these advantages, the circulating fluidized are still less common than the bubbling omesibse of their
height which restrict their application in termsoofst analysiilg].

Spouted bed gasifier

A spouted fluidized bed consists of a bed of a sgrarticle partially filling the vessel which isopided with a

relative large control opening at its base. Gasjected through this aperture. With sufficienbwl of the gas, the
particle in the gas can be made to rise in fourdidithe center of the bed and develop cyclic motiorthe bed as
whole. The bed motion can be assisted by the additiair at the base to produce a spouted bed.t&pdoed

gaifiers have been used to gasify the coal of varianks.

Abdul Salam [20] has studied the gasification didsfuels in a spouted bed, which has certain piabéadvantages
over the fluid bed configurations. The effect obsfing velocity and the type of distributor on thasification
performance were discussed. They found that aglzehivelocity, the gasification efficiency of citauslit spouted

bed was slightly more compared with that of cerjetabpouted

3.3.3 Entrained flow gasifier (EFG)

The materials that might be proceed in the co-ctirfilew EFG include dry pulverized solid, atomiziquid fuel
or a fuel slurry with employing oxygen as the aation agent - the gasified material particlesikibe well
separated from one another. The advantages: highmughput, tar and methane are not present irptbduct.
These advantages are mainly obtained due to ugihgémperature and pressure.

The disadvantages of EFG: High operating tempezatund pressure. More energy than for the otherstyje
gasifier for milling of the gasified materials, #ee fuel particles must be much smaller than féreottypes of
gasifiers. This means the fuel must be pulverizbtivconsumes more energy [11].

3.4. Operation and performance of gasifiers

The performance of the gasifier depends on theydesi the gasifier, type of the fuel used and tindlew rate. In
general fixed bed gasifiers have the advantagesifnple design but the disadvantage of producitmnaCV gas
with a high tar content. The product gas compasiisotypically 40-50 N, 15-20 H, 10-15% CO, 10-15% C2@nd

3-5% CH with a net CV of 4-6 MJ/NM When using air as the gasifying medium, the tegphigh N, content

doubles the volume of the produced gas and incsahsesize of the downstream gas cleaning equipniendbtain

high CV gas the moisture content of the feed shbeld5-20% so that the pre-drying of the biomassd f&ocks is
usually required. Waste heat from the gasifier lsarused to assist with pre-drying the feed materibhe energy
content of the produced gas is up to 75% of thenbBs energy content, the losses being accounteblyfoine

sensible heat in the produced gas, the heat cooftéie ash and radiation losses.

In addition of the initial release of volatiles,salid char produced. The char can be reacted futthgproduce
additional gas, making a high char content indieabf considerable gas producing potential. Thar groduced

from straw and wood biomass is typically in thegari22-29 wt % but the reactivity of the char vageeatly[21y
22]

Improvement to gas quality have been proposedpeyating a two stage. pyrolysis of the biomassdakace in
the first stage using external heating at 600 °@® @ases formed in the first stage are then reawithdsteam to
crack the tars. In the second stage the gas ratictive char from the first stage to produce tmalfiproduct gas.
After clean up the gas quality is sufficient foeus a spark ignition gas engine.

In fluidized bed, the major operational difficuktxperienced with fluidized bed gasifiers is theegmtial for slagging
of the bed materials due to the ash content obibimass. Of particular importance is the alkaliahebntent of the
biomass, which is a problem with biomass derivednfannual plants. To avoid the slagging, the bewpérature
can be lowered but this result in an increase tisshar with the ash removal. The gas formed in dhsifier

contains a number of impurities; Particulates,n@rpgen, sulphur and alkali compour{é@].

The end use of the gas determines the degree af cip required and can be achieved either by hoblor gas

cleaning. The benefits of the hot gas cleanindhé more energy is gained from the gas but thegs® posses
significant technical challenges, while cold gagading is technically simpler but produce a wastatew

contaminated with tar, which is likely pose disgqeablem.

Criteria for the comparison of gasifiers. Many criteria for such a classification can be imagd but the analysis
led to five main criteria such as: Technology, abmaterial, use of energy, environment and economy
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Every main criterion is divided by sub-criteria. e objective, the numerical evaluation shouldrzependent of
relative relation$23l.

3.5. Process parameter s and their effects on the gasification process

The process parameters affect various performaspects like efficiency, product gas quality, eneagygl exergy
inputs. Many of studies have been undertaken testigate the optimum parameters to obtain maximydndgen
or syngas.

Moghtaaderi [ 24 ] conducted a study to gain allimental understanding about the catalytic steasifiggtion of
some species under low temperature conditions.régsarch , in particular focused on the role agldtive
importance of controlling parameters such as teatpee and the heating rate on the compositiomefproducts.
In the experimental study temperatures changed #oénto 800 °C and investigated the catalytic aol catalytic
situation. The residence time changed as 20 mihrwn. Addition of catalyst particle changed tleestivity of

gasification reaction enhancing hydrogen productitile reducing the level of methane produceteatperature
above 500 °C. At lower temperatures the catalypizeared to have no significant impact of hydrogesid

although they increased the yield of methane. |Atikely low reaction temperature of 600°C anbdigh steam
content of about 90% showed the strongest tendiemaypaximizing the hydrogen production.

Midilli et al. [25] investigated the potential ofytirogen production from hazelnut shells by usingoavndraft

gasification. The effect of air fuel ratio and dation zone temperature on the production of hyeinogas were
discussed. In their study the endothermic and exotlt reactions took place between 821 and 102ht°te

oxidation zone of downdraft gasifier. The air fuatio were between 1.37 and 1.64 m3/kg. The flate rof

hydrogen gas and the temperature of oxidatiore zatecreased with the increase of the air fueb.rathe

production of hydrogen gas was sufficiently achib\a between 1.44 and 1.52 m3/kg of air fuel rafibe

hydrogen vyield obtained in the down draft reactasvalmost 2.4 kg/h of hydrogen from 100kg of wetdhaut

shells.

Midilli et al. [26] also studied hydrogen production from sewage €ludg fixed bed gasifier product gas. In their
study, the endothermic and exothermic reaction tplaice at temperatures between 1009 and 1077 °@Bein
oxidation and reduction zone of downdraft gasif@rall runs. While feed of wet sewage sludge cleahfjom 2.8
to 3.9 kg/h mass flow rate of hydrogen gas rangm9.045 to 0.082 kg/h

The gasification processes is affected by diffefaotors including temperature, pressure, residénoe properties
of feed materials, air to steam ratio and presenoatalyst [1]. Theses parameters are quite ielgied and each of
them affects the gasification rate, process efficye product gas heating value and product gas#shdition.

3.5.1 Effect of the temperature

Temperature appears to have the greatest influencie performance of the gasifiers. The compasitb the
volatiles produced from a gasifier depend on thgreke of the equilibrium attained by various gaasiiicn reactions.
All the gasification reactions are normally revbhsiand the equilibrium point of any of the reactan be shifted
by changing the temperature. Based on the equifibrof the fundamentals char gasification reactidhs, gas

composition from a gasifier can be predicted usigmethod presented by Gurtg’].

The temperature of the gasifier affects on theti@agate and the composition of the product; réidacin CO,
CO,, and CH occurs, yet more Hproduced with increasing the temperatuf®' 2°) On the other side, the char
conversion decreases with the temperature incred$ris the gasification temperature is needed tedbected
carefully as a tradeoff between the char converaimhthe H output. However, other researcfi shows that high
H, yield can be obtained at low temperature (6)My using 90% steam content.

At high gasification temperature, particularly beem 800 and 850°C, produce a gas mixture richyianid CO with
small amounts of CiHand higher hydrocarbons. At low temperatures, soticbon and Cllare present in the
product gas. In actual gasifiers solid carbon igied away to the catalytic bed and is depositedthen active
catalyst sites thereby deactivating the catalysis hecessary to ensure that the product gasés df any solid
carbon. As temperature increase, both carbon aridame are reformed. At about 726 °C both are reditcevery
small amount and in the process get converted @@ and H. This explains the increase in hydrogen mole
numbers. At about 756 °C, the hydrogen yield reacaemaximum values of about 1.33 moles. At higher
temperatures the Hield starts reducing. This is attributed to thegev gas shift reaction.
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15 31
Like most chemical reactions, the rate of gasiitzatis highly dependent on the temperathr)e Scott et al( )

reported that the product gas yield in the flasholygis of maple saw dust increased as the redetoperature
increased whereas the liquid and solid productsedsed with increase in the pressure. The decgeignamount

of the char indicated that the conversion increagi#ll increase in the temperature. Elliot and S(Eiaigz) reported
that 10 % and 50% basis conversion of the lignirgh@ and 450 °C, respectively was attained.

Tars are normally produced during the pyrolysigstand are favoured by the low temperature. Vanfdeasen et
33

al. 9 reported that a drastic decrease in tht tars obifitem 6290 mg/Nn?a dry gas at 740 °C to 412 mg/l\'fnat

850 °C of the producer gas with increase in theptmature during air gasification of beech wood. lBaed Wang(

* found that the tar content of the gas from steaudigasification is decreased from 3.17% at 50#°C.58 % at
780 °C.

Elevated temperature help to crack tars to simpkeg such as CO MOy, hydrocarbons and char by thermal
cracking or by steam reforming. Scott et al (34parted that in the fast pyrolysis of wood , £HoH,, CoHo

increased with increases in the temperature overahge tested (500-800 °C). The vyield of highedrbgarbons
(C3-Cg) decreased with increase in the temperature o%€r % which indicated the commencement of the

cracking/ reforming reactions. Other gases, (D) also, increased with the increase in the &zaipre.

Carbon dioxide is reported to generally decreask increasing temperature. Bribkd! found water, CO and #

yields to decrease rapidly with increase in theperature above 600 °C. The decrease in the watdgertin the
producer gas showed that the ga—|reaction was occurring and carbon dioxide wassgored by the reaction.

Another source of the CO, QHCZH4 is the reforming of the tars and higher hydrocagbd@ hese reactions result in
reductions of the solid residue and tars and cpomrding increase in the total gas yield and redetoperature.

The first order constant of the gasification wasind to increase with temperature according withhAnius

15
equation. Brink( ) pointed that gasification rates are too fast amd c@ntrolled by heat and mass transfer rates
above 900 °C while in the range of 600-900 °C, dghsification reaction are rate controlling, belo@06°C the
gasification reaction are very slow.

The heating value of the producer gas is alstyented by temperature. Kumar el3t] found that the calorific
value of the crop residue gasification producer gascrease with temperature steadily up to 700af@d then
decrease. The increase in the gas heating valué¢ Ipeuslue to the increasing concentration of CQ, dthd

hydrocarbon gases in the gas mixture. The declinbigher temperatures is probably due to the cragldf
hydrocarbons.

Beck et all3] Reported that the off gas from a pilot plant reaelumetric yield increased from 0.36 nm3/kg at

517 °C tol.15 r%/kg at 636 °C whereas the gas heating value inecef®m 9 to 12 MJ/@ within the same
temperature range. The increase in the heatingewals attributed to an increase in ethylene coratm of the
off gas. Energy recovery and carbon conversiom gisreased from 20 to 60%. An axial temperatuseligmt as

high as 227°C was noted in the reagf%r

Lv et al[37] have investigated the reactor temperature on élsecgmposition and gas yield. The results showed
that higher temperature contributed to more hydnogeduction but too high temperature lowered geatihg
value.

3.5.2. Effect of pressure

Pressure increases equilibrium Bind CO yields reduce. Simulation carried outttalp the effect of reducing
pressure below 101.3KPa on equilibrium productdyishowed that increase inykld is negligible even for
pressures as low as 10.13 KPa.

The role of increased pressure has been invedigatehe equilibrium percentage of various speicighe dry gas,
unconverted char, calorific value of the gas, gedion efficiency, outlet gas temperature and fadmsiorbed in the
reduction zone. It follows that the percentage€06f and H decrease as the pressure increases, as expeuted fr
Chateliers principle, while the GHCG,, N, and unconverted char grow with increasing thequnes
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The calorific value of the gas decreases as thespre increases, since the percentage ,ofridl CO decrease
significantly, as compared to the improvement iesgure is not so significant on the calorific vatfighe gas and
the gasification efficiency.

37
Pressure has been reported to have a significtett & the gasification processes. Nandi ét 3';1I found that the
weight loss during the devolatization of crop resislin Ny atmosphere at 815 °C, to decrease with increatigein

pressure. However, at a constant temperature,irfteofder rate constant for the char gasificafimreased with
increase in the pressure. Using a gasifying meditis0:50 HO/N5 at a temperature of 815 °C, the values of the

rate constant for wood char were 0.101, 1.212 a@®ifninl at a pressure of 0.17, 0.79 and 2.17 MPa,
respectively.

The gasification rate of crop residues char prapateatmospheric pressure increased with increatieei pressure.
The increase was more significant at high tempezat®00-950°C). The increase in the char rate withease in
the pressure was reported by several authors.dsiog the pressure was found to cause a significargase in the
yield of methane. Another advantage of pressurisatttors is the high reaction rate which allows dosmaller

. (38) . . . .
reactor vessel. Richard found that the H/CO and CQ/CO molar ratios to increase with increase in thalt
pressure of a char-steam gasification processes.

3.5.3 Effect of equivalenceratio
The equivalence ratio has the strongest influentehe performance of the gasifier because it affélce bed
temperature, the gas quality and the thermal effizy.

The ratio between the theoretical and practicalamand in steam gasification process utilizingoai©; is termed
the equivalence ratio (ER). For each kind of biosnahere is a theoretical,@emand needed to achieve the
combustion based on its contents of combustibleeriads, yet gasification is based on realizing treddy partial
combustion, thus fraction of this ration is theyonsed, a ratio of 0-0.3 has been investigated,itatmimes up that
high that ER promotes the gasification by increggive temperature, meanwhile, decreases the logaginiy value
of the produced Hby having dilute output. High ER decreases sigaiitly the H production, while increases
radically the CQ output.

Ergudeneleﬁsg) observed that increasing the equivalence ratiolteztsin lower pressure drop both in the dense bed
and the freeboard regions when the gasifier opgatteifferent fluidization velocities and bed Htig

Beck et al(40) reported that higher equivalence ratios increasetie gas production rate in air gasification. The
gasifier temperature was found to increase withreiases in the equivalence ratio because of increashe
exothermic reactions. On the other hand, a verydguivalence ratios results in very low bed temjpeeawhich
produces a lower gas and higher tar yields.

3.5.4 Effect of biomass characteristics

Characteristics of biomass are determined throungh pghysical properties , proximate and ultimate lyems

Physical properties contain the particulate sibsolute density and bulk density. Proximate anslystiudes the
volatile matter, moisture content, fixed carbonh &@®ntent and gross calorific value and the ultgmanalysis
comprises the carbon, oxygen, nitrogen and sulitineodry biomass on a weight %.

Feed materials moisture content The moisture content affects the reaction tempegadue to the energy required
to evaporate the water in the fuel and the gasifingprocesses takes place at lower temperaturay erall4l

32
reported a decrease in the gasifier temperaturie witrease in the fuel moisture content. Elliot a‘mhlock( )
reported that on the conversion of lignine of letbss 10 %w basis moisture content at 350 °C amditad0 % w
basis 450 °C. They found that the higher moistargtent the higher produced char.

Feed material particle size. Agricultural wastes and other materials used ad &eck for the gasification process
can be used in different sizes; fractions ranghognf0.075 mm to 1.2 mm have been investigated @xpetally;
the results reveal the smaller the particle sike, more the hydrogen produce, carbon conversiod,less tar
formed“?. Moreover, smaller particle size affects positivisle low heating value (LHV) of the produce ga3][4

Raman et al[44] reported that the feed particle size fraction @éd lot manure did significantly affect the
gasification results. For a given temperature ptegluced gas yield increased with a decrease im#raire particle
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size. For example, the gas yields for the smadliest fraction increased from O.5§/rkg at 627 °C to 0.81 %/kg at

737°C and for the largest size fraction, the gaklyincreased from 0.1 to 0.63Mg for the same temperature range.
The heating value versus temperature plots for pacticle size fraction were parabolic in shapéulite maximum

heating value being for the smallest particle §iaetion, the heating value increased from 14.3nJ4t 627 °C to

19.8 MJ/n$ at 980 °C and then decreased to 12.0 MJan737 °C. The produced gas composition was also
significantly affected by the manure particle size.

Lv et al[37] have investigated the particle size of biomassQ(@2 mm on the gas composition and gas yield. The
results showed that smaller particle size was rfawerable for higher gas composition and yield.

3.5.5 Effect of gasification agents

Biomass can be gasified using different gasifyinedia, the choice of which depends on the desiredymt gas
composition and energy consideration. Commericdlrasearch gasifers generally use steam or afreagdsifying
media. Air gaification is an exothermic processchhproduce a low heating value rich in CO and hgwsmall
amount of Hand higher hydrocarbons. Steam gasification onother hand is an endothermic processes, which
produce a medium heating value gas rich in H2 a@d C

Tomeczek et all#5] used air steam mixture in the gasification proadssoal in fluidized bed reactor. The results
showed that the influence of steam to air raticbar tied was particularly strong at small ratie da the fact that
the steam released at the devolitization stageibated to the gasification process even in the eglsen steam was
added. When the steam-air ratio increased therfgeedilue was increased and reached its peak akg/R§.

Schoeters et al46] investigated the effect of air to steam ratio le& gasification of wood shavings. An increase in
the steam flow rate resulted in lowering the gaddyithe heating value and the energy recoverioath the
reactor was heated from outside which helped tp kee temperature constant without any adjustmetiteoflows.

3.5.6 Effect of biomass/steam ratio

Gasification agent role is distinct on the outpat gomposition, yet there are contrary recorded dabut its
impact. Some studies [Bcords that higher ratio has a positive impactaising H production ratio, while others
[43,44 ] shows it has adverse effect. This can cmanted for by employing different gasificationsems [5]

which indicate that this ratio is dependent andipent to the entire system configuration.

The steam biomass ratio (STR ) refers to molegezins fed per mole of biomass, like temperatureehatrong
influence on both product gas composition and gnengut. At low values of steam biomass ratio, dalarbon and
methane are formed. As more steam is supplied, dfathese species are reformed to CO apdHdr SBR >1 solid
carbon and methane moles reduce to very small valud CO and fyields increase monotonically; CO on the
other hand reduces monotonically.

3.5.7 Effect of turndown ratio

Turndown is defined as the ability of the gasifierespond to the changes in the demand for théugtagas with
different capacity of biomass and at the same toperated with a stable reaction zone. Turndowsften quoted
in the gasifier trade leaflets, but most of these @mnbiguous. It was observed that turndown ratiesgup almost
linearly with the increase of the capacity of timg filiel as well as the amounts of the producedagaiscombustible
gas. So, the Turndown ratio is calculated by thlewiang equation [36]:

Rta=Cab/Crmab
Where R, td,C,db and mdb stand ratio, turndownaciypdry biomass and maximum dry biomass

3.5..8. Effect of gas hourly space velocity

Tars are undesirable products in biomass thermoriclaé gasification processes for a number of ressdhere are
a number of methods to separate or reform tanm fitee product gas like wet scrubbing, thermal draglor

catalytic cracking. Wet scrubbing does not elingngirs but merely transfers the problem from gaasehto
condense phase. Thermal cracking is a hot gas tammdg option but it requires high temperatureathieve high
conversion efficiencies. This process may also pecedsoot which is unwanted impurity in the prodgas stream
[36].
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The GHSV is defined as the ratio of volumetric flofweactants at standard conditions to the tatdlyst volume
and has units of inverse time.

3.5. 9. Effect of catalyst used.
The effect of catalyst on gasification products/ésy important. Gaseous products leaving the reamatained
mainly CO, CQ H, CH, light hydrocarbons and some other organic vapbine. use of catalyst did not affect the

gas yields but the composition of the gases wamgly influenced. The content of hydrogen andzmbreased,

while that of CO decreased, a drastic reductiorths content of organic compounds could also be robde
Because the char yields almost constant comparesh tequivalent non catalytic thermal run, the iaseein the

content of hydrogen (hydrogen rich gas) was probdbe to the influence of catalyst on the shiftctian [47-69]
Three distinct groups of catalysts materials hagenbmentioned for biomass gasification and areritestin the

following sectiond47]

Effect of dolomite catalysts. Dolomite, a magnesium ore with the general formMCO3.CaCQ; is used in the
Pidgeon process for the manufacture of magnesiuthdinal reduction.

The use of dolomite as a catalysts in biomassigasdn has attracted much attention since it ¢heap disposable
catalyst that can significantly reduce the tar eahbf the product gas from a gasifier. It may beduas a primary
catalyst, dry mixed with the biomass or more comiman a down stream reactor in which case it iewofreferred

to as guard belf7. 531

Aznar et al[16] investigated the use of dolomite for steam/oxygasification. They reported that the ldontent

of the flue gas increased by 7 vol%, while the Gdtent decreased by 7 % vol. This effect was due goeater
contribution of the water gas shift reaction assult of a high steam content and high temperature.

Effect of alkali metal and other metal catalysts. Fung and Grahar?0] showed that potassium carbonate and

calcium oxide increased the gas production in tasifigation processes. Rolin etlaf! reported that for wood
gasification at 900 °C, potassium carbonate isntiust efficient catalyst of all carbonates (&3, KoCOg,

CaCQ;) tested. Hallen at al>2] showed that the addition of alkali a cesieum caai® to crop residue either by
solution impregnation or dry mix increased the gasluction in the crop residue steam gasification.

Mudge et all53] studied the gasification of biomass with steam @@ in the peresene of alkali carbonates at 750
°C. The alkali carbonatesJdCOg and NgCOg were impregnated on the wood at two concentreiiinand 4 %
kg/kg for KoCOg and 6%, 3% kg/kg for NECOg. Both catalyst increased the char gasificatioestaPotassium

carbonate is more effective than sodium carbonatéhis respect. The catalyst increased the total ygelds,
enhanced Hand CcQ production and decreased CO concentration in théyct gas.

Effect of nickel catalyst. The most significant body of literature published the area of hot gas cleaning for
biomass gasification concerns nickel catalysts.eB#wgroups have investigated system of raw gaanitlg that
involves a dolomite or alkali catalyst for the rarabof tar. Up to 95 % followed by the adjustmeffittioe gas
composition (reforming of methane and the remainéry using nickel steam reforming.

Aznar et all16] investigated several commercially available catafgr the removal of tars and the adjustment of
the product gas composition. Two Haldo Topse catsilyere investigated for the steam reforming eftdr and
methane. The catalyst was positioned downstreamheofgasifier in a secondary reactor that was miaiethat
temperatures between 730 and 760 °C, space timalpf0.1s were used.. Catalyst R-67-7H is desdrire 12-
14% Ni on Mg/ALO3 support with a free Mg content of less than 0.%veind Si(g of 0.2 wt%. The conversion of

tar, methane andzﬁnd C3 were greater for the reduced catalyst.

Modification of nickel catalyst by the addition pfomoters have also been investigated. Newly d@egl Ni on
dolomite catalyst exerted high activity and staypilinder a short contact time of W/F; 0.55gh/mot, dasification
of tar by steam, which was investigated by usirigetoe as the model compound. Moreover, the perfocmaf the
Ni/dolomite catalyst gave negligible carbon deposit while the conventional supported Ni catalyave fairly
large carbon deposition. It was found that theinations temperature significantly influence theperty and the
activity of the Ni/dolomite catalyst.

333
Pelagia Research Library



Aly Moustafa Radwan Der Chemica Sinica, 2012, 3(2):323-335

Tomishige et al4-67] have studied the catalytic gasification of biomasmuch lower temperature than the usual
methods such as non catalytic and dolomite yssdl gasification. It was found that the Rh/G&O, with 35%

CeOy content showed the best performance with respettiet carbon conversion and product distributi&mough

fluidization is very important for the removal dfiar deposition on the catalyst surface. In additf@introduction
of air from the bottom of the reactor is also vemportant because of the direct contact betweercdkayst and the
oxygen molecules. The catalyst of this processimasigh activity of the combustion and reformimglahe smooth
redox properties. The fluidized bed reactor playpdrtant roles in the mixing of the catalyst andobysed

products of biomass and catalyst circulation betwesluced and oxidized states. Almost no tar arat erere

yielded under the conditions of the feeding rategfi2 equivalence ratio=0.12, steam feeding rategt.&nd

weight of catalyst/feeding rate of biomass=0.25604 °C and this makes the process useful.

3.6. Over-view on gasification technology

Gasification is a century old technology that fished quite well before and during the second dvavar. The
technology of gasification disappeared soon afiexr war, when liquid fuel became easily availabfgerest in
gasification has undergone many ups and downs gitin@ century. Today as the world supply of thederoil is
decreasing, the fuel price is increasing and enwilental concerns, there is renewed interest intézisnology of
gasification process. Gasification has become mmrdern and quite a sophisticated technology.

The advantage of gasification technology is a deakred energy conversion system that operateacuizally
even for small scale. A gas producer is a simpilécdeconsisting of a usually cylindrical containeith space for
fuel, air inlet, gas exit and grate. The desigihef gasifier depends upon the type of the fuel asetwhether the
gasifier is portable or stationary.

Gasification is a thermo-chemical process that eoniomass materials into synthesis gas or hydrogd-gas.
The producer gas, contains hydrogen, carbon moaprigthane and some inert gases.

Based on the design of the gasifiers and type efftiel used, there are different kinds of gasfidPortable
gasifiers are mostly used for running vehiclesti@tary gasifers combined with engines are widedgdiin rural
areas of developing countries for many purposeudio generation of electricity and running irrigat pumps.
Technologies such as biomass gasification whiawalltilization of biomass fuel are of great impoxta.

Biomass and coal gasification technology is rapidifvancing and being placed into commercial usee Th
gasification process is attractive because poltatanch as artificial water gas made in this wayloa performed to

hydrogen rich gaE48'49].
CONCLUSION

Research and development on new process of gaisifida directed towards production of hydrogemnias from

biomass The parameters has affecting on the gatsifh of biomasss such as (temperature, gasigemt/biomass
ratio, pressure) and of the materials, type of issntype of gasifier) on the performance of thefigation system
was clarified which allow to increase yield of hgden gas. Key parameters for successful are thestfaek

properties and the feedstock pretreatment.

For the third world the use of a simple and robut#chnology represented by gasification can aghist
development of the rural economies by providireyetectricity produced from local sources of biosnas
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