CHAPTER-II

LITERATURE REVIEW

Production of solid waste and its disposal is an age old pheno~-
menon which has undergone various modifications by utilising modern
technological aspects. The disposal of waste was not a severe problem
in olden days as the cities were small and scantily populated. Conven-
tioinal methods of disposal of solid waste like landfill and composting
were widely used. As a part of developient of nations, industrializa-
tion and thus the concentration of population in urban areas increased
and the methods of disposal of solid waste by landfill and composting
also underwent lot of modifications involving technological aspects.
Also pollution problem and hygienic requirement of the population
dictated to look for other metnods of disposal of solid waste. Thus
incineration, biogas production and pyrolysis techniques gained
importance. Due to increased utilization of fossil fuels as raw mate-
rials and as an energy source, the reserves of fossil fuels are
depleted and ii necessiated to search for new source of raw material
and energy. In this context the recycling of tne solid waste as a

viable alternative to fossil fuels is gaining ground.

Although a large amount of research is going on in this field,
it is only recently that the technological advancements became the
basis of new disposal techniques. These new techniques necessiated
the systemagic study of solid waste with respect to its originm, its

composition and sampling.
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A survey of Madras city solid waste done by Sastry et al.1 has
shown that the daily production of solid waste is 0.545 kg/person.
The waste obtained by high income residential areas contained larger
fraction of leaves, paper and plastics than in the refuse obtained

in slum areas.

Trinklein, Barbaraz have adopted the statistical method of
analysis for the solid waste for the San Diego Energy Kecovery Faci-
lity. It has been shown that the higher heating value of waste derived

1

from commercial source is 13000 kJ-kg™~ and that obtained from resi-

1

dential source is 10,200 kJ-kg . The higher values have been attri-

buted to low percentage of moisture content and non-combustibles.

Patil et al3 have studied the composition of solid waste from
Puna city, which revealed high amount of organic matter and high paper

-1

content. The average calorific value of waste was 7,100 kJ kg =~ and

the density was 250-465 kg m_B. The C to N ratio was ideal for
composting.

Ghosh et al.4 have conducted a study of the solid waste obta-
ined in Calcutta city which has shown that fruit and vegetable form
20%, leaves, grass straw etc. form 217 and dust, ash and cinder form

57% by weight of solid waste.

Another study of solid waste produced in Calcutta city by
CPHERI5 during the year 1970 has shown that fruits and vegetables form

14%, rags 2%, glass, porcelain pieces and bones 4%, metal and tin 4%

and dust, ash and cinder form 69% with miscellaneous 7%.

Beg et al.6 have analysed the solid waste produced in Karachi
city and have shown that the paper content was 3.6Z, glass 2.5%, rags
7.1%, plastics 2.1, fines 18.27%, moisture 43.5% and combustible matter

52.0%.
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Yutaka et al.7 in their study of solid waste have recommended
the stratified sampling as a better method than quartering, random

sampling and cluster sampling for the solid waste.

2.1 Landfill and Composting

Although the new techniques of disposal of solid waste like
incineration and pyrolysis are widely adopted the conventional tech-
niques of landfilling and composting may be used if otherwise unusable
land is available and if the cities are small. The major disadvantage
of these methods is the leachate produced and the longer time required

for sterlization of waste.

Kenneth8 has discussed the disposal of solid waste with res-
pect to recovery of energy, recyclables and compost. According to the
studies three acres of land is required for continuous composting of
solid waste produced by 1,000 households. The landfill composting
anaerobic digesters will produce 769 m3 of méthane per day which is
roughly equivalent to the domestic cooking demand of the neighbour-
hood. Source éeparation, recycling, controlled -andfilling and compost
ing are combined to provide continuous biogas and soil amendment

production.

J'ourden9 has studied the landfilling. The study has revealed
that the communiation and moistening the refuse and recirculation
of leachate alongwith aeration improves the biodegradation of solid
waste. It resulted in rapid degradation, relatively clean leachate

and safe operation.
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Horvatth in his studies has shown that waste dump pollutants
leach out by rain and ground water. He has proposed that, to prevent
the pollution, the disposal site must be chosen above the ground water
level, the zone between the bottom of the dump and ground water level
should be extensively unsaturated and the zone should have good filter
ability, absorption, chemisorption and ion exchange properties and

snould be distant from gravel strata.

Yamada, et al.ll in their study of 1landfill leachate have
revealed that the annual leachate volume calculated on rainfall, out-
flow evaporation and permeation was approximately 430 L~m3. The level
of C1” in the leachate was 3,000-4,000 ppm for 2 years and decreased
to 300 ppm in 5 years. The BOD was < 10,000 ppm for several months and
decreased to 1,000 ppm in 1 year and to 100 ppm in 3 years showing
that the BOD removal reached > 99%. The COD was 700-500 ppm in 2 years
and dropped to 10-50 ppm in 4 years.

Bull et al.12 have analysed the landfill leachate under labo~

ratory conditions. Under conditions of average BOD loading (600 g m—3)
and at 20°C the laboratory results indicated that > 957 of the sol.
BOD and essentially all the Fe was removed and that 907 of the N was

converted to free NHB'

Canpos13 in his studies of landfill leachate has suggested
the treatment of waste with Ca0, distribution of leachate from lower
part of the deposite over the treated surface, addition of a layer of
municipal waste and compaction to prevent the contamination of leach-

ate. This process has to be repeated and heap should be covered with

aggregate and oil, it is reported.
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Varma14 in his studies of Moyer Landfill Site has revealed

that more than 22.7 x 10° m’°

of highly contaminated leachate was
produced per year and he has suggested that old landfill sites must
be geologically evaluated and carefully monitored to prevent further

environmental pollution,

Duell et al.ls have cautioned that trees should not be planted
without a gas barrier in closed landfill area where vegetation cannot
be established due to the landfill gases coming to the surface. They
have concluded that good grass growth in such areas does not guarantee
the survival of trees, and the foul odour and dark appearance of the
deeper soil can be taken as indicator of anaerobic soils that will

not support plant growth.

It has been reported16 that the landfill gas produced at UK's
largest landfill site at Stone, near Dartford has been efficiently
recovered and used. The landfill gas is collected in wells sunk to
an average depth of 25 m. It is then compressed and dried before being

piped underground to cement works.

A similar attempt to recover the landfill gas from Merseyside
Landfill Site is also reported.17 It is providing 1,00,00,000 therms

3 kJ) per annum of high quality methane gas. The

(1 Therm = 1054 x 10
source was expected to last from 5-10 years providing energy less

costlier than conventional natural gas.

Similar to the landfill method of disposal of solid waste,
composting is also an old method characterized by biodegradation of

the organic components of tne solid waste over a prolonged period.

*&

»
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Wolfgangrs has shown that the degradation rate of organic subs
tances in cowpost at 50°C reaches 59.4% in 8 weeks; the rate decreases
to 48.2 and 40.17 respectively as the reaction temperature decreases
to 30°C or increases to 70°C. The mesophilic bacterial count increases
by > 10 at 30°C in 2 weeks but decreases significantly at > 50°C. It
is observed that a similar trend was there for mesophilic actinomy-

cetes and fungus counts.

Chuang et al.lg have discussed the composting of municipal
refuse in Taiwan. Their studies have revealed that the kitchen residue
and moisture content of Taipei & Kaohsiung refuse are 25 and 567
respectively, compared to 10-257 for typicle USA municipal refuse.
This high organic coantent and proper moisture content is suitable for

composting of solid waste produced in Taiwan, they concluded.

Takeuchi et al.20 nave described a cémposting method which
consists of pretreatment, fermentation and refining of solid waste.
- The waste freed from Fe, batteries, glass etc., is subjected to size
reduction and added to a multiple padding fermentor with intermittent

stirring and continuous aeration.

Ciprini21 has explained a composting method in whicn the refuse
is shredded in rotating drum and water is added to a suitable level
for aerobic fermentation. Discards of drum are thrown into collection
pit for incineration. Metals, glass and ceramic fragments are separa-
ted from refuse in an air classifier, mineral salts and waste water

sludge mixed and allowed for aerobic fermentation of 8-12 weeks.

Kuno22 nas studied the physical conditions and relations for

an aerobic development of the microbial process in a naturally aerated



compost windrow. The height of compost windrow has to be adjusted in

first week for the maximum possible airflow necessary for sufficient
O supply and after a week the air demand is reduced and additional
layers can be built up as pore volume and air permeability increase

with decay, it is concluded.

Golueke et al.23 have explained the usage of light fraction
of refuse as bulking agent in composting of dewatered sewage sludge.
Tne sludge and the lights must bé thoroughly mixed and the poroszty
must be maintained throughout tne subsequent turaing or aeration, they

said.

Tabasaran24 nas discussed the composting of refuse after remo-
val of non-degradable materials and mixing it with sewage sludges
which are wmade into briquettes, stacked in decaying hall for 3 weeks
for not phase rotting at 70°C. Water is added to a accelerate tne bio-
degradation > 50°C. Mature compost was obtained by rough crushing of

the briquettes and storage in open air for 3 months.

Wolfgang et al.25 have shown that briquettes made up of sewage
sludge and treated dry waste with water content of optimal 457 when
composted, the temperature rises to 60-70°C and helps in killing :he
pathogens. The nitrogen losses caused by NH3 outgoing are maximum

257%.

De Haan26

has shown that the concentration of pollutaats
including COD, N and metals in the drainage water from matured sewage
sludges and refuge compost in the first year are 20-100 times those

of normal soils, in the 6th year it is 1-5 times. Mixing the predried

sludge or compost with soil resulted in a decrease in pollutant
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concentrations in drainage water. A sandy soil treated with liquid

sludges in 7.5 - 22.5 ton dry matter per hactare per year resulted
in increased concentrations of N, Ca, S, Mo and Zn as compared to

untreated soils.

2.2 Production of Refuse Derived Fuel

The production of Refuse Derived Fuel (RDF) from the domestic
waste is a technique which gives a fuel of considerable calorific
value which can be used as an alternative to the conventional fuels
such as fuel o0il and coal. It is a resource recovery technique and
intermediary. All the domestic waste is of no use in the production
of RDF, but only the combustible fraction of the refuse is useful.
The problems asociated with the use of RDF is similar to that of
incineration, because the burning of RDF is essentially incineration.
The combustible cowponents of domestic refuse are separated mechani-
cally using different techniques from non-combustible portion and made
into pellets or briquettes for ease of handling. Where coubustible
fractions are more, the technique is economically feasible and saves

the conventional fuels.

R.amon27 has explained the method of manufacturing of RDF. In
this method wastes are milled, soil, ash, sand and part of vegetable
particles are removed alongwith metals and glass. The organic material
is milled to < 50 mm, CaCO3 is added to neutralize Cl from PVC wastes;
and the mixture is compressed to cylinders and heated to 60°C and
cooled to form solid fuel having moisture content of 8-12%, density

of 600 kg m"3 and calorific value of 12,500 - 13,300 kJ kg—l.
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Braker et 31.28 have explained a pilot plant to manufacture
fuel from municipal solid waste with 5 metric t:ons-—-hr"1 capacity. The
produéed fuel is dust like and storable. An extension of technology
for treating the municipal solid waste individually according to
individual conditioins with possibility to produce coarse-grained,
briquetted and dustsy fuels is also explained. 1 metric ton of muni-
cipal solid waste gives 300 kg of fuel with a calorific value

18 GJ / ton.

Hug29 has explained an experimental operation to obtain RDF.
The yield and compositioin of the fuel pellets depended on the process
temperature, heating curve and the composition of the raw pellets.
The fuels pellets were suitable for storage with no decomposition or
odour emission.

30 has explained a method to produce the RDF from solid

Howard
waste in which refuse was crushed, passed over a double vibrating
screen and the coarse material was fed to a an‘crusher to give parti-
cles of size < 2.5 cm. The material was passed to a magnetic unit for
metal removal and to an air classifier from which the lighter compo-
nents were fed to a paddle mixer for blending with powdered lignosul-
fonate. The dry mixture was compressed into pellets, pyrolyzed at
> 350°C quenched and packed to give a stable fuel with heating value

17,500 kJ - kg r.

A manufacturing method described by MUT Maschinen and Tranpor-

taﬂlagEHBI involves storage, pulverizing, sorting to separate Fe

portion, and hard substance, sieveing and rotting of the wastes. Thus



fuel containing < 3 and 3-13 mm particles was prepared from refuse

1

whose lower heating was 5,800 kJ - kg . The chemical composition of

the fuel was C 18, H 2.3, 0 14, H,0 40, ash 23, S 0.38 and C1 0.117%.

2
32 ton
Haq et al. have shown that each metricAof refuse can be
converted into 0.025 mV of electricity. It also eleminates the sulphur
pollutioin problem. The potential for saving oil and gas by retro-
fitting existing boiler with burners that uses RDF is shown as techro~
logically possible.

A plant has been designed by the Warren Spring Laboratory of

33 at Doncastwr, to produce RDF.

the Department of Trade and Industry
The calorific value of 20,000 kJ‘kg—l. ash content 12.27, fixed carbon
11.3%Z, volatile matter 57%, sulphur content 0.37 and chlorine 0.97%

nave been reported for the RDF produced.

Carrera et al.BA nave explained the development of a process

by inegrating the production of RDF from munigipal solid waste
presently operating in Rome East MSW recycling plant which can allow
the introduction of industrial and commercial waste considered suitable
for the production of solid fuel for industrial uses.

35 has explained the experiments with storage tests

Bagstanm
of RDF at two different sorting plants in Sweden. The tests have been
performed in order to find an acceptable way of handling and storing

of RDF during summer period. Different qualities of RDF were studied

like fluff RDF of different origin, RDF in bales and RDF pellets.

Lorber36 in his study has compared the emissions from tne
incineration of RDF and incineration of total waste. Based on the

lower calorific value the contamination of RDF with heavy metals and
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sulphur is significantly decreased compared to unprocessed total waste,
This is not true for Cl which is enriched in total waste as well as
RDF. Incineration of RDF and total waste leads to mobilizatioin and

formation of environmental pollutants.

.J'akobson37 have explained the pelletizing of selected solid
waste material. The pellets produced on a die roller press were
combusted in boiler and combustion test programme comprised of speci—
fic combustion analysis of pellets, analyses of pellets coamposition,
full scale combustion tests, selected analyses on stack gas

emission, selected analyses on fly ash and slagg.

2.3 Biogas
This is an intermediary step in the disposal of solid waste.

Only the biologically degradable components of municipal solid waste
are useful in biogas technique. It is extensively used for the diges-
tion of sewage sludge and night soil rather than municipal solid
waste, The amount of water or 1liquid concentration must be high,
nearly 50-60%7 of the biomass. This biomass undergoes biochemical
degradation over a relatively long period of 4-8 weeks under anaerobic
condition to produce methane rich biogas. The sludge or treated bio-
mass can later be used as manure.

38 have studied the anaerobic digestion of the

Diaz et al.
organic fraction of municipal refuse in different sized digesters.
The refuse used as feed was enriched by the addition of < 1007 sewage

sludge of the total volatile solids. It is observed that no nutrient

addition is essential, and at low organic loading rates (1.12 g vol
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solid/L-day) and long duration times (30 days) the total gas produ-

ction was independent of refuse loading.

Studies conducted by Rajabapaiah et al.39 have shown that
conventional biogas plants are isothermal, probably imperfectly mixed,
fed, batch reactors operating at mean ambient temperature. Their
studies nhave revealed that the daily gas yield was much less (277%)

than rated capacity with 60% CH,, 407 C02 and 0.06% st by volume.

A newly developed technique by De Baere et al.AO involved a
solid state fermentation for the stabilizatiion of organic fraction
of solid household refuse. The process consists of an intensive anaero
bic fermentation at 30-35% total solids and 35-55°, followed by a post
digestation. Biogas and humus like end products are obtained. Gas

-3 day~1 were obtained at a retaintion

production rates of 6-18 m m
time of 12-18 days under thermophilic conditions. The gas yield per
ton of raw organic fraction amounted to 180 m3 of biogas with a CH4
content of 557.

41 have studied the biogas production by
3

Deshpande et al.
anaerobic digestion of night soil. A biogas productivity of 0.507 m
kg"'l volatile solids was attained when the minimum total solid concen-

tration of substrate (night soil) in the digester was 3%.

Mamoruéz has explained the mechanization of sewage water along-
with the night soil. The waste water is first biologically treated
with a cultivated sludge containing Lactobacillus and Bacillus. The
biological effluent is concentrated, a portion is used for methaniza-

tion bacterial cultivation and the cultivated portion is mixed with



the rest of the concentrated portion for methanization at > 50°C.

Thus biogas produced from methanization of night soil at 65°C was

72 m3 day'.1 from 10 tons of night soil/day (10 h). The calorific

value of the biogas was 29,000 kJ m=3.

Masahiko et al.43

have described tne biogas production from
garbage and sewage sludge. The sludge and garbage are mixed to make a
slurry, then treated with lime to adjust pH at 9-10, and subjected
to heat treatment for 3 h at 60°C. Then liquified fermentation is
conducted in weak acidic condition and gasified fermentation at pH
7-8 by anaerobic bacterial. This technique reduces the time required

for biogas production to 8 days against 15 days required in conven-

tional systems.

Agency of Industrial Science and Technology44 have deviced
a technique in which the organic waste is ground and treated with

Ca(OH)2 solution and microorganisms to generate methane.

Thtsu045 has explained the productiion of digestion gas and
digestion liquor from the manure and domestic wastes by aerobic and
anaerobic conditioins (lagooning). The effluent from lagooning is
charged into the grouad or used as fertilizer. The digestion sludge

is used for soil conditioning.

2.4 Incineration

This method of disposal of solid waste can be considered as
intermediatory step which produces the residue and flue gases. The
residue has to be ultimately disposed off as landfill or put to use

as binder in road making or as building material. This technique is
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marked by the evolution of noxious gases which cause the air pollu-

tion, although heat can be recovered by incineration of solid waste.

A tecnniqué developed by Kubota Ltd.46 consisted of drying
the waste by flue gas, where a portion of N compounds are converted
to NHS' Then the waste gas from drying is discharged through a flue
gas stack containing catalyst for NO* removal.

In a technique developed by Mitsubishi Heavy Industries Ltd.,
Japan,47 the refuse was crushed to > 300, 20-300, 1-20, and 1 mm size,
Fe and Al were recovered from 1-20 and 20-300 mm fractions, then the

metal free refuse was mixed with clay and pelletized to 1 cm size and

incinerated at 1,000 - 1,100°C.

Yet in another technique developed by Takuma Co Ltd., Japan,48
waste solids are incinerated in a shaft furnace and tne combustion
gas is heat exchanged, scrubbed, and then used as fuel substitute.
The resulting fuel gas is also used to preheat the air for incinera-

tion at 750 - 1,000°C.

Kaketa et al.49 have discussed the incineration of combustible
municipal refuse mixed with silica, glass to obtain incineration
residue as clinker.

30 have shown that in incineration ash there

Hirokatru et al.
was little correlation of metals because of diversity in composition.
A small amount of Cd, Zn, Cu and As were found in ash of solid wastes
containing no non-combustibles. Cd and As concentrations were high
in collected flue dust. Cd, Mn, Hg concentrations were high in the

spent scrubbing solution. The ash was tested for leaching and con-

firmed the landfill leachate standards.
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Saburo51 has revealed Zn contained in the incineration flue
gas as shown by the electrostatic precipitator ash extracts. About
25 kg of salts were obtained from flue gas scrubber waste water for
each ton of refuse incinerated. After heavy metal removal electroly-

tically, these salts can be used in caustic soda production.

Toussaint52 has recommended the use of incineration residues
containing glass and ceramic fragments 30-70, fine ashes 20-60, non-
ferrous metals 1-3, and combustibles matter 1-47 with particle size
0-120 mm, densdity 2.34 - 2.86, bulk density 0.76 - 1.2 as embankment

fill material and pavement base courses without binder.

Ijsselkring53 has explained the use of incineration residue
as building material. The building material contains slags from the
incineration of domestic refuse 75-95, binder 5-25, foaming agent
0.01-1, and water proofing agent 0.01-1%Z by dry weight. The materials
are useful as foundations for roads.

54

construction or in dams as packing material. Solid residues from dry

Knorr™" has discussed the use of incineration residue in road
or semidry waste gas scrubbing have no use and must be disposed off

by landfilling, he concluded.

Pedersen55 has revealed that the solubility of metals and
metal oxides in the incineration residue was extremely low. Leached
amount of metals from a full scale disposal site suggested that the
environmental output of the trace metals was neglegible. The concen-
trations of Cd2+, Na*, S02~ and Cl™ in leachate were of the same magni

4
tude as in sea water. Bulk precipitation of atomic Pb, Cd, Cu, Zn, Fe
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and Mn on a disposal site for incineration waste was a greater source

of pollutants than leachate from the site,

Kubota Ltd. Japan,56 has described the method to remove the
pollutant from waste gas from the incineratioin of refuse, containing

NH, 3.52, HyS 0.052, Me3N 0.02, Me,S 1.28, MeSH 0.04, SO, 182 and HC1

3
39.5 ppm by pressuring tne waste gas in a solution to dissolve or
suspend the pollutant, followed by decreasing the pressure to evapo-

rate the gas.

A similar method was described by Ishikawajima Hariima Heavy
Industries Co, Ltd.,57 to remove the pollutants in incineration flue
gases by using H2804 solution and a NaClO solution for scrubbing.

A study conducted by Gounon et al.58 of incineratiion flue
gases originated in incineration plants in Paris, France, has shown
that HC1 in flue gas was 1,000 mg m_3. The heavy metal emission is

4 or 500 mg m>.

To jo ét al.59 in their study have shown that NO concentration
in the gas evolved from incineration of waste showed an exponential
increase as the temperature at incinerator outlet ranged from 600-
1,000°C. Two zones in the incinerator 1,100-1,200 and 800-1,000°C are

the major sites where thermal NOx is formed and Fuel NOx is converted.

2.5 PYROLYSIS

The pyrolysis technique is characterized by total avoidance
of pollutant emissions. It is a modified technique of incineration,
in which the material is subjected to thermal treatment, either is

in presence of restricted amount of air or total absence of air. Due
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to this modification the products that obtained differ widely in their

chemical composition compared wgith the incineration products. Although
the incineration technique provides heét energy by combustion of
fombustible matter present in the solid waste the pollutant emissions
make it lesssuitable for treating the solid waste; In pyrolysis, most
of gas p;oduced is combustible and does not posé any pollution problem,
The organic condensate which is a chief source of many organic com-
pounds like cresols and phenols, is also one of the major products
of pyrolysis, which is not recoverable in incineration and is finally

is converted to low molecular weight gases.

Snikota et al.60 have demonstrated pyrolysis of solid waste
in a plant which satisfactorily operated for 104 nrs. The yield of |
pyrolysis gas was 200-300 kg (240-350 m3)/ton of refuse. The calorific

3

value of gas was 16 MJ m ~. They have observed that the char obtained

can be disposed off without any pollution problem.

A Japan company JGC Corporation Trukishima Kikai Company Ltd61
manufactured the fuel gas from waste solids by pyrolyzing at 700-900°C,
wet scrubbing; hydrogenating, desalting and desulfurizing and optio-
nally steam reforming or COZ—CO converting and separating steam and
residual CO2 from the resulting gas. Thus the refuse gave a fuel gas

containing CH& 83.6, H 10.8, CO 0.7, and N 4.9 7 by volume.

Another metho¢ of pyrolysis of solid waste designed by Bobcok-~
Krauss-Maffei Industrie analgen GmbH,62 consisted of carbonization
of waste solids at low temperature without air, in a rotary kiln, then
the gas from the kiln is decomposed in a high temperature (1200°C)

reactor for 0.5-4 s, and gaseous product is cooled at 200-500°C/s.
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The gaseous product was scrubbed and contained H 25, N 56, CO 12,
CO2 S, and hydrocarbons 2%. The gas had the energy value 5040 kJ m-3-

Knight63

has revealed that pyrolysis of pine bark, saw dust,
municipal refuse in vertical gravity fed, packed bed reactor gave
charcoal with volatile contents 3-25Z, and heating value 27860-31350
kJ kg“1 0oil with heating value 21150-24650 kJ ksnl and flue gases’

with heating value 7403 kJ m~3.

Nowak64 has explained the Kiener Pyrolysis Process which is
suitable for processing domestic , commercial and industrial refuse
and sewage sludge. This process consists of refuse volatilization in

an air free atmosphere and cracking of the produced gases.

65 has

Hitachi Plant Engineering and Constructiion Co. Ltd.
deviced a technique to prevent the fouling of pyrolysis equipment by
tar. The tar containing pyrolysis gas is fed to a catalytic reactor
to gasify the tar and contacted with a molybdenum gulfate catalyst

at 800-900°C. The tar was completely converted to CO, H and C02.

66 studied the thermal decomposition of domestic

Zeman et al.
refuse including paper, wood and plant and animal wastes. The decompo~
sition occurred in the same temperature region as tne pyrolysis of
organic components i.e., 160-400°C with the pyrolysis maximum at
327-364°C. For the pyrolysis of mixtures containing large amount of

polyethylene, the temperature range is 400-500°C with pyrolysis

maximum at 475°C.

Rito, et al.67 studied the pyrolysis of waste in a rotating

combustion chamber heated by a furnace unit. The energy rich combus-
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tible gas produced is removed and mixed with air/Oy, in tne gas mixing

unit which was used as fuel source to furnace unit. Byproducts sucn

as cresotars are also produced.

6 ,

A study conducted by Mudge et al. 8 was regarding the conver-
sion of materials consisting of wood waste, cornstalks, straw, and
mixtures of plastics, rubber tyres with cellulosic wastes yielded low

3

calorific value gas with a heating value of average 6292 kJ m .

69 has studied the pyrolysis of cellulosic solid waste

Walter
and biomass to produce the unsaturated hydrocarbons for conversion
to gasoline. The studies revealed that the necessary condition for
polymerization of hydrocarbons to gasoline is similar to that used

in petroleum industry.

70

A system deviced by Asakawa Kiyoshi et al. for tne pyrolysis

of solid waste consisted of five steps, pretreatment process, pyrolysis
process, gas washing process, waste water treatment process, and
pyrolysis of the residue from the treatment .process. The gas that
produced per ton of refuse was 280-350 m3 and its calorific value was
about 17,150 QJ m_3. The composition of the gas was H 45.3, CO 10.3,

Co, 24.8, CH4 14.9 and CZH4 4.,7% by volume.

2

A plant for high temperature and high pressure conversion of
solid waste to fuel gas, fuel oil and carbaneous residue deviced by
Rossi7l consisted of material handling mechanisms, a gasifier-lique-
fier reactor, operating at < 350°C and < 3.5 kg cm"2 pressure, a con-

densing system and a gas holder. A charge of 70:30 domestic-industrial
waste gave 207 gas (heating value 15,060 kJ m_B) and 20% oil (neating

value 42,530 kJ kg—l) and the remainder carbaneous material (neating

value 9,625 kJ kg-1), ' 8208

x ;
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2 studies have revealed that high temperature steam

Graboski's
pyrolysis of municipal solid waste and biomass at short residence
times produces olefin (CZHA’ C3H6’ CbHS) as well as large amounts of
CO and H. He has also discussed the potential options like olefin
recovery by cryogenic separation, hydration of olefins to alcohols
eitner tnrough the catalytic or HZSO4 routes, and polymerization of
C2H4 to gasoline both catalytically and bnomogeneously alongwith
econowics.

Partial oxidation studies of municipal solid waste of average
particle size 0.42 mm in a continuous reactor at 973-1123°K, conducted
by Bnaradwaj et al.73 nave snown tnat a gas is produced consisting

of H, CH,, CO and CO,. In some rumns unreacted oxygen was also present

4° 2

in the off gases. Tne neating value of product gas varied from 14.1
to 20.0 MJ w3 and the energy production efficiency was 34-50%. At a
constant oxygen-feed mass ratio, thermal efficiency increased with

temperature. Tne highest energy production efficiency was obtained

at 1123 K and oxygen to feed ratio of 0.17 kJ kg—l dry feed.

Agency of Industrial Science. and Tecnuology74 conducted a
study of pyrolysis of municipal refuse with a soisture content of 357
in a fluidized bed pyrolysis furnace. The resulting char was pulverized
and fed to tne oxygen ricn zone at the lower part of the furnace as
a fuel aid. Char production was v 10% and its calorific value 23,000
kJ kg"l. Tne resulting gas was condensed to recover a fuel oil at 15%
of refuse weight and of calorific value 28,000 kJ kg”l, The calorific

value of noncondensable gas was 3,350 kJ w3,
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Funk et al.75 studied the gasification of shredded household
and industrial waste. The shredded waste is screened to remove glass,
ceremics and other inerts, and fed tnrough locks to the top of a shaft
furnace with revolving grates where it is gasified by oxygen and steam
at 1300 K. The product fuel gas is discharged overhead from the
reactor and is cooled to ambient temperature, thus condensing tar,
light oils, and steam. The tars and oils are recvcled to the reactor.
The product gas contains H 25-35, Co 13-40, CO2 18-40 and CH, 5-10%
by volume. It has a heating value of 7500-9500 kJ 0~ and yield is

700-1100 m3 t:on—1 of waste.

Diebold et al.76 have studied and shown that gasoline is pro-
duced from the olefin containing gases formed wnhen solid wastes are
pyrolyzed with steam at ~» 750°C with a short residence time. Cnar,
steam and tars are removed from the pyrolysis gases and the gases are
compressed to 450 Psia for purification and tnen compressed to 750 Psia
and fed to a conventional polymerization reactor to give the hydro-
carbon product with 907 of mols boiling in the gasoline range. The
preliminary economic analysis indicated that the process is compe-—

tative with petroleum derived gasoline.

A study conducted by Zielinski et al.77 have revealed that
the ash obtained from incineration of municipal wastes in an electric
furnace at 1173°K was having absolute woisture content of 1.1, H 3.5,
C 40.3, O+N+S 5.3 and wmineral substances 49.8%7. The ash has a high
content of volatile substances and weak sorption capacity.

78

Feldmann et al. have discussed a two stage process for

conversion of biomass type of materials or municipal solid wastes into

EB KHAKDEKAR LiBRAKY
“ﬂvﬁﬁ?&ﬁ?v&asm. KOLHAPUS
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3. The first stage

fuel gas with a calorific value 12955-14806 kJ m
was a hydrogasification or CH& production stage where the volatile
products are converted in the presence of a H rich gasifier gas into
a CHA ricn product gas and a char containing residual C. The residual

C was completely converted in a separate stage to CO/H rich gas by

steam-oxygen gasification.

Tne manufacture of storable ligquic fuels from biowmass have
been explained by Kuester James.79 The meti:od involves charging of
feed stock to a therual gasification system at 500-1000° and < 5 Psig
where it is decomposed to a gas rich in CO, H, and czHa. This gas is
then reacted in a catalytic step to produce a primary aliphatic hydro—
carbons phase and a secondary alcohol waLe} phase.

80

Yukitaka nas explained the convertion of municipal refuse

to electrical energy by ; gasifying tne material, mixing the gas
formed with H and O, burning the mixed gas, spraying water on the
flame ( 1000°C) to generate steam and feeding the steam to a turbine
to generate €lectricity. Thus, from 10 kg municipal refuse, 20 kW can

be continuously generated for 5 h.

Pyrolysis at 450-500°C of solid waste performed by Furue

-1

et a1.81 has yielded plastic oil of heating value 30,540 kJ kg = and

cellulosic o0il with heating value 5860 kJ kg-l.

obtained was char of 12550-20900 kJ kg—l.

The other byproduct

A similar pyrolysis conducted by AgraB2 produced charcoal and
flamable gas. The yield was 27 % cnarcoal and 3% tar, based on dry

waste.
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Makeikina et 31.83 have studied tne composition of the pyro-
lysis tar obtained from pyrolysis of household waste. The phenols
extracted from solid waste pyrolysis tar have low molecular mass and
high oxygen concentration indicating that they contain dihydroxy deri
vatives of benzene and do not contain alkyl substituted phenols, with
long chains. The pyrolytic fraction between 180-240 and 240-280 cont-
ained methoxyphenois. The 180-240 fraction also contained o-cresol,

m-cresol, np-cresol, xylenols and pnenol.

Pyrolysis process deviced by Ebara Mfg. Co. Ltd., Japan,84

consisted of a heat carrier (sand) circulated between combustion tow:zr
and a pyrolyzer. The pyrolysis gas is passed through two cyclones,’
a heat exchanger and a cooling tower. The drainage collected at the
bottom of cooling tower is separated into water and oil and the oil
is used as fuel to heat the carrier and to control the pyrolysis

temperature. ' .

85 has snown that the pyrolysis of household waste,

Collin
plastic scrap; discarded tyres at 700°C gave hydrocarbons containing
mainly aromatic components such as C6H6 and C6H9 homologs, PnMe,
condensed ring aromatic hydrocarboas including napthalene, methyl
napthlene, acenpthene, phenanthrene and anthracene, thermoplastic

resins and highly aromatized oils.

86

Saito et al. condensed the acidic water from pyrolysis of
municipal cellulose containing refuse and neutralized to extract oils
economically. The condensed water contained 5.8%7 o0il, which was

extracted at pH 7 at 457 yield.
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Studies conducted by Ishii ét al.87 have shown that the coupo-
sition of waste was paper 56.9 , garbage 1.7 , non combustible 4.2,
plastic 21.9, textiles 9.9, wood etc. 2.5, grass etc. 2.2 and other
0.7Z.The pyrolysis of this waste at 650°C in a two bed pyrolysis
system yielded the gas containing H 22.9, N2 3.2, CO 17.1, CO2 24 .8,
16.3Z and remaining unsaturated hydrocarbons witn a calorific

4
value 22,100 kJ m-B.

CH

Molle et al.88 have device a carbonizer to pyrolysis the

solid waste, in which the pyrolysis gas is recirculated into carbo-
nizer unit so that no tar or carboneous char is produced and all tne

combustible matter is effectively used.
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