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ABSTRACT

In the past 30 years, the increasing global tempaeis one of the greatest concerns of manking U$e of biomass
resources is one of the important components tagedylobal warming. In many cases, where the petirol prices are
high or supplies are limited or there is a problefrglobal warming, the biomass gasification canypde an economically
and environmentally feasible system, if the dedniethass feedstock is available easily. In 2013 réf®rted that of the
total emissions, 98% of G@missions are of energy-related and about 40 %tdwedectricity generation. Since the fossil
fuels which are non-renewable and polluting theimmment, wood waste biomass is used, which iswehk and

environmental friendly.

In present study, wood biomass of approximately @i cms was used as a raw material and differbamicals
were used to absorb GQOIn this present work, 1 kW gasifier was used,relttike production ratio of CO to GQOs 5:6.
Various chemicals namely dolomite, olevin sand, gaamse, calcium carbonate etc. were used to abS@}) which in
turn increases the quality of CO. By varying theamfity chemicals (15, 50, 100-600 g), the absorptid CGQ was
studied.

It was observed that by using 5009 of calcium cadbe, the ratio of CO to CQwas found to be 3:2. The CO
production rate was increased to 41.1%. The pradacbf CG was reduced to 21.1%. And also higher amount of

hydrogen was produced i.e upto 21.5 %.
KEYWORDS:Gasification, Producer Gas, Chemicals, £&8bsorption
INTRODUCTION

However currently, economic factor is one of thasans for not considering gasification. Even thotigl cost of
gasification is slightly higher, it is does not jté environment because the Q@oduced during gasification is cyclically
consumed by new plants grown for energy. ThusnéteCQ emission in the environment is zero. Industriaksiface
difficulty to use biomass as a ready to use fual sustainable manner. There are only few indligrizups considering
this sector as business activity. Biogas is ametitre energy source, as it is rich in methaneardniThe important part is
to meet the goals of biomass gasification techrie®gin 2013, US reported that of the total emissj®8% of CQ

emissions are of energy-related and about 40 %aekectricity generation as shown in Fig. 1.
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Figure 1: World Electricity Generations by Fuel [1].

Biomass need to be preprocessed before usingaitfiasl to the gasifier. Depending on upon the typbiomass

and its properties, different approach of procegsinnecessary for gasification applications. Instnof the developing

countries, agriculture wastes contribute largehtifi® energy mix, therefore it is important to depeeffective methods for

converting biomass residues to usable fuel [2].

Gasification is an incomplete combustion of biomagsch produces gases that consists of carbon nmdeox

hydrogen and traces of methane, termed as prodgaeror synthesis gas. Gasification technology carused in

applications where the fossil fuel has to be regdaloy biomass. The product gas contains impursiieh as particulates,

tar, sulfur etc., must be filtered and removed frive product gas before it is used for other apfibeis. Syngas can be

used for the specific application by changing tbmposition of gas and is achieved by reformingtieas.

Dr. Shashikant et al reviewed that due to enviramalecrisis biomass can substitute the fuel. He alentioned

that a biomass has great potential to reduce gledahing [3]. Even though biomass generates athmusame amount of

CO, as fossil fuels, but the G@ets cyclically consumed by new plants grown foergy. Thus, the net G@mission in

the environment is zero [4].
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Figure 2: Gasification Process and their Products.
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The objectives of the study are to:
» Production of producer gas from waste biomass usiegnicals.

* To enrich the quality of producer gas using différehemicals.

To reduce the production of GGCH, of the producer gas,

Analyzing the composition of producer gas and aletermining its gas calorific value, the flow radad
efficiency of gasifier.

Types of Biomass as Gasifier Fuel

There are various fuels that can be used in aigasifich as charcoal, saw dust, wood, peat, atureulvastes (eg. coconut
shell) etc.

Sawdust

Most of the downdraft gasifiers are not suitable dapelletized sawdust. While using saw dust, maroplems occurs
such as excessive tar production, pressure drofBatdn most of the downdraft gasifiers, sawdgstised as a filter and
includes wide range of porous materials where mairpdrticles gets trapped and allows only gas te ga®ugh it as
shown in Fig. 3.

Figure 3: Sawdust.

Wood

Most of the wood species have ash contents less 2@ hence it is one of the suitable fuel for aiffer. The high
volatile content in wood produces the gas with daggnount of tar content in gasifier system thatuiable for direct
burning. In the gasifier, either wood or wood cdatéth chemicals is used as a fuel, as shown in &ig his gas can be
used in the engines, but cleaning is required, lwhidifficult and labour intensive. Most of thevdadraft gasifier systems
are designed to deliver a product gas contain &vand this is can be possible by using wood chépéng low moisture
content [5].
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Figure 4: Wood Pieces of 5-10 cms in Size.

Charcoal

High quality charocal contains negligible amountart This charcoal is loaded at the bootom offgasieactor as shown
in the Fig. 5. Thare are several disadvantagesiofjuicharcoal such as relatively high cost of chalicenergy loss during
charcoal manufacture etc.

Charcoal

Figure 5: Charcaol Loaded in the Gasifier.

Agriculture Residues

The agriculture residue that is produced in mosthef countries is widely used for gasification. Tdgriculture waste
includes coconut shells, maize cobs etc. In thdglmg section coconut husk create bridging probjemtsch can be
prevented by mixing specific amount of wood. Theeaé straws generally contains above 10% of ash¢hwbauses
slagging problems in down draft gasifiers. Ricekhogntains ash of 20% and above and this is maphdenost difficult
fuel available [6].

The Gasifier

Initially the flame at the chimney will not be bimg continuously. This happens when the temperattigharcoal in the
reduction zone reaches about 6G0 At this temperature, quenching of the flame duesoccur, but the flame may blow
off due to high gas velocities. The downdraft gasifs a nonportable gasifier, having two inputsatimit air into the
burner.
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METHODOLOGY
The methodology adopted in this experiment is asvshn Fig. 3.1.

» Literature survey of research papers related tdfigatson is used, different techniques to absoi®,@as

determined.
» Exploring the percentage absorption of Q19 using different chemicals, based on the ldiiesature survey.
» Proximate analysis of the sample was carried out.

» After each trial, different quantity of the sameentical was used to determine the maximum absorbance

percentage of CO
« Chemicals were introduced or mixed at differentemrsuch as orifice of gasifier, water tank, fidter
* Results were compared to determine the zone thas ghaximum absorbance.

» After conducting all experiments, results were camap to determine the catalyst that gives highsoddance of
CO..

» Gas Chromatography was used to analyze the pegeeafaCO, CQ, CH,, H,and N of producer gas.
* The flow rate of the produced producer gas wasdaut using Bubble flow meter.
» Efficiency of gasifier was found out.

EXPERIMENTAL PROCEDURE

Since the design of the gasifier, flow of biomass¢hie gasifier cannot be altered, chemicals sudboémmite, Olevin sand,
CaCQ, Manganese, Diethanolamine were used to absotb T¥@re are also other chemicals such as monodémaime,

sodium azide, potassium carbonate, sodium hydrdkigtecan be used to absorb £LO
The steps involved in the waste biomass gasifinai@ as follows

The wood pieces were dried at 1@0for 2 days in the hot air oven as shown in Fig. 6

Fiure 6: HE)t Air Oven.
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The wood pieces of about 5 cms as shown in Figweee loaded into the gasifier drum as shown g Fib.

Figure 7: a. Wood Pieces of Approximate 5-10 cms i8ize b. Gasifier Drum.

Initially the synthesis gas is passed through tfetone seperator as shown in Fig. 8 a, where theateparticles
get seperated, consequently passed through thesstwWilter as shown in Fig. 8 b, where minute gdati gets seperated.
For further purification, this gas is made to ptssugh the cloth filter as shown in Fig. 8 c. Tgreducer gas evolving

through this filter contains no impurities [].

Figure 8: Filters a. Cyclone Filter b. Saw-Dust Filer c. Cloth Filter.

The evolved syngas was analyzed through Gas Chognagthy as shown in Fig. 9 a and hence the pe@eata
CO, CQ, H,, CH,, N,were determined as shown in Fig. 9 b.
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Figure 9: Analysis of the Gas by a. Gas Chromatogghy b. GC
Spectrum.

The flow rate of producer gas is important in fimgliefficiency and was found using Bubble-flow metsrshown
in Fig. 10.

-

Figure 10: Bubble-Flow Meter.
Treatment 1: The wood chips coated with chemicath s CaCg) dolomite etc, as shown in Fig. 11 was oven

dried at temperature of 8Q and loaded into the gasifier

Figure 11: Wood Coated with Dolomite.
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Treatment 2: Chemicals such as Dolomite, Olevirds&alcium-carbonate etc were introduced at orificeere

the temperature is about 3@ as shown in Fig. 12.

Figure 12: Gasifier.

Treatment 3: Chemicals such as Dolomite, Olevirdsatie. were introduced in the reduction zone, whbee

temperature is approximately 630D as shown in Fig. 13.

Figure 13: Reduction

£

Zone of the Gasifier.

Treatment 4: Chemical solution such as Diethanalamias introduced in the tank, where the tempersuabout
to 60°C, as shown in Fig. 14.

Figure 14: Recycling Water Tah.k.
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Calculations

Wet weight or initial weight = 100 g

Dry weight or final weight =87 g

Hence, moisture content by using equation (2.8)

(100-88)/88 = 13.63 %

In the control run following readings were noted
Observed Data

Initial Weight 1.50 kg

Final Weight 0.76 kg

Wood Burnt 0.74 kg

Initial Temp 570C

Final Temp 850C

Total Time 2400 sec

Feed rate = (3600 x 0.74) / 2400 = 1.1 kg/hr

Hence, Feed Rate = 1.1 kg/hr.

Gas flow rate = (16x 3600) / 2.1 = 0.17

Hence, Gas Flow Rate = 0.17/hr.

Gas evolved = feed rate/gas flow rate = 0.17/101155

Hence, Gas Evolved = 0.155/kg

The standard heating value of the producer gasvendgoy different industries such as NREL, Verendr-

Wien, Carbona etc. In this experiment to deterrtfireeheating value, standards given by NREL metheewsed
Heating Value = 10.788A + 12.622B + 35.814C,
Where, A is the quantity of ;1B is the quantity of CO and C is the quantityCbf,,
HV or Calorific Value = (10.788 x 2.87 + 12.622 ¥.826 + 35.814 x 2.64)/100
Hence, Calorific Value = 2.74 MJ/Nin
Efficiency of the Gasifier is calculated by,

[100= Heating Value of producer gas x Volumetric floater of producer gas

Mass of wood chips loaded in the gasifier x calomBlue of wood chips
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mech= 2.68x16 x10%/2.1

4745 x 0.85/2400%1
=75.8%

In this experiment, eaacthemical exhibiting the maximum value of either @bsince of Ct, or enrichment of

CO or heating value etc was observed as showreifidhble 5.28 and Fig. 5.

Table 1: Effect of Chemicals on the Production of théProducer Gas

S. No. Quantity of Sample CO CO, H, HV | COI/CO,
a Control run 9.8 11.8 55 2.3 0.9
b Wood with coal as a filts 10.6 11.8 6.6 2.4 0.9
c When .500 g Dolomit introduced at t 12.4 10.3 81 | 31 12

reduction zone
d }S/\;(r)]gd sample mixed wi 500 g of olevin 11.7 10.8 52 | 3.0 11
When 25 g of olevin sand, 2&
e uncalcinated and 25 g calcinated dolor 12.3 11.6 51 | 34 1.1
was introduced at orific
When 500 ml (0.5 %) of diethanol ami
f was introduced in the ta 13.1 84 50 3.0 16
g :/er]]ken 1 kg of CaCe@was introduced in the 12.4 116 37 29 11
h When _500 g of CaCsintroduced at the 14.0 93 6.7 29 15
reduction zone
When mixture of 250 g doomite and 25
i CaCQ was introduced at the reducti 12.6 9.9 5.9 2.8 1.2
zone
j z\r/irf]iig 15 g of calcinated manganese 97 13.4 47 o5 0.7

2% of gas

-
&
CJO

SN

Trial —>
Figure 15: Effect of Chemicals on the Production of the Produer Gas.
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CONCLUSIONS

The experimental studies carried out on gasificatity using various chemicals of different quarsitidollowing

conclusions were drawn
There were no considerable changes when Olevinwaadntroduced into the gasifier.
Maximum amount of CO was produced when 500 g of @aQroduced at the reduction zone (41.1%).

The production of Ce@was minimum (28.82%) when 500 ml of diethanolamirees introduced in the tank and

maximum (13.3%) when 15 g of calcinated manganeseimtroduced at the orifice of gasifier.
The production of llwas found maximum
* When 500 g of dolomite was introduced in the reidnc{47%).
* When 500 g of CaCgntroduced at the reduction zone (21%).
The Calorific value was highest

*  When mixture of 25 g of olevin sand, 25 g uncaltidaand 25 g calcinated dolomite was introducedridice
(45.5%).

*  When 500 g Dolomit introduced at the reduction z(8%4%).

* The ratio of CO to C®was found highest

*  When 500 ml (0.5 %) of diethanol amine was intratu the tank (1.56).
 When 500 g of CaCO3 introduced at the reductiore4arb).

Thus, it was observed that Cagi® the suitable chemical that can be used in #sifigation. It was observed that
by introducing 500 g of CaC{n the reduction zone of gasifier, maximum amoohtCO (41.1%), nearly maximum
amount of H(21%) and reduction in Creduced to 21.5%) with highest CO/€6.5%) and almost maximum amount

of heating value (27.4%) was produced.
FUTURE SCOPE

The technological progress in the increase of theyxction of CO and reducing the emissions of @ither by alternating
the design of the gasifier or by using other chatsisuch as Monoethanolamine, Sodium azide, Sodliygroxide etc.

The bottom ash produced during gasification candssl in building sectors, roads, agriculture efforis can be made to
design new solvent systems that will have lowergneonsumption. In addition to this CFD studies ¢t& studied on

gasification kinetics and gasifer operation.
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