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Anaerobic Digestion and Use of Its Residues m Agrlculture

Sikundnr Ali Arbani*, Farzana Hussain Panhawar** and Mohammnd Hussain Panhawart+s

ABSTRACT

Anacrobic digestion is a natural process in which
all marertaly of organic origion are digesied to varions kinds
of gases water solyble and insoluble organic componnds.
The: residue or slidge of anacrobic digestion is used as fer-
tilizer and can have many other uses, The process consists
of Jormation of enzymes, which produces organic acid and
the material uliimately is converted In 1o acetle acid, This
nacetle acid partially breaks down to methane CH.,, CO2 and

-sindge, Of the gases formed CHy is abowt 60%, CO2 40%,

and the other gases abont 1%, Solid residue, or sludge, having
the proteineous part Is abowt 12 10 20%, is used as fertilizer,
In the paper the advamages of residues as fertilizer are
also discussed,

INTRODUCTION

In anaerobic processes different types of bacleria
attacks substrate and produces complex compounds. COa2
and methane gas (1], The gas production fs a fermentation
process i which degradable organic matter is anecrobleally
digesied producing gases rich fnmethane. The bjo-tegradiable
materials suitable for digestion are given in Table (1), The
anaerobie. reaction or fermentatfon takes, place in absence
ol oxygen and needs substrate, which in turn containg about
0% or more water. The subsirate iz 1o have hemicellvlose,
cellulose, lipids, proteing and migronutrients which are soluble
and insoluble compounds. The substrate has 1o be maintained
at o jemperature of 30-42°C, as at lower temperatures, the
s pmducuon reduces wnSxdcmny falling to less than 50%
at 15°C. The process of gas production can be increased
by heating the digester at 55 10 60C at which lemperaures
a different fype of bacleria named as thermophilie, becomes
aclive And rate of gas production is enhanced, The anacrohic
digestion reaclions are given in Fig. (1-2).

The organic maller usually contain various kind of
diseages or organiem &s discussed in Table (2). These or-
ganisms are destroyed in the anacrobie digestion process.
The raw material consists ol human and catle wasles and
excrela and also decaying organic material, usually is attacked
by bacieria and virus organisms. Their handling need eareful
nanngement to avoid tisk to human, cattle and environments,

About 25-33% of the solid malerial is digested in
fhe anacrobic process. The undigesied materials or residue
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have all other ingredients like N.P.K., and micronuirients
fncrensed by 33-50% per unit weipght of residue, as compared
to unit weight of raw materinls fed o the digester. The residue
can hest be used as plant nutrient. Residuc or sludge when
applied lo soil has the same ¢fTect as applying any otganic
matter, The humus material {ormed improves the physical
propesties of sofl by increasing moislure, acration, water in-
fillration, availability of micronutrients, nitrogen, potash,
phosphales eic. Thus as  fertilizer the residue has more
nutrients and the micronutrients are in chelated form, readily
absorable by soil and planis,

Anaerobic digestion system is an cconomical method
10 dlisposc otf organic wasies, human and apimal feclal matier
|2]. The advanfages and disadvantages of anacrobic digestion
and (he uses of digcsted residue in agriculture is al8o discussed

in the paper.
BIOLOGICAL BACTERIAL ACTIVITY

BRiolngical hacterial activity lakes place in 3 slages,
ana envirapmente in the digester have 1o be optimum in
all these stages {3].

Stage No. |

The subsirate contalns o large fraction of orgapiv
matjer in form of celtulose, which may aceount For
4-400% in most agricultural wastes. The range of
varfous ingtedients in manures, sewage shudge and
agriculiual wastes is given in Table below:

TABLE ~ COMPOSITION OF SUBTRATE
Ingrodient Percent Dry, Weight
Hemicetlulose 4 . 8%
Cellulase 30 - 40%
Lipids 12 - 20
Proteins 15 - 25%
“Ash 30 - 40%

In the first stage at least 3 1ypes of bacicria decom-
pose substrate. These buocteria are:

*  Fat dccomposing bacteria, .
*  Collulose decomposing bacteria
.+ * Prokein decomposing hacteria

By Enzymic hydrolysis, bucteria converis these throe
ingredients 10 soluble compounds or manomers
(]
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Fig: 1. Anavabie Fermentition ol Oiganie Solics,

Stage No, 2

In Ihis stage acid forming bacteria allack solubie
vompounds or monomers and produce acelic acid,
These bacterin can bo wo types; mesophilic, which
operate in the range of 30 - 4?."C and thermophilic
which operate between 50 - 60"C. Bolh have pH
requirememt of about 7.0 = 0.5 l.e 6.5 to 7.5. Al
pH 7.0 they are most efficient. These anaerobic
digeslion porcesses are given in Figures (1,2).

Stage No. 3

In this stage methane forming or methanogenic bac-
teria, convert acelic acids into biologically stable
residues CHa. COp and undigestible residues. The
produclion of biogas [rom different agricultural
waste is given in Table (3).

Temperatures

Two types of bacteria mesophilic and thermophilic
work at 30 - 42°C and 50 - 60°C respeciively. However,
bacteria are most active botween (he temperature ranges of

33 . 38°C and 55 - 58°C. Thermophilic bacieria produce

20 - 50% more methane than mesophilic with in the same
lime, T lnke the best advantage thermophilie reaclions retain-
ing time is roduced from 30 days for mesophilic, to 15 days
for (hermophilic, during which lime same amount of pas
Is produced, as in 30 days, in mesophilic reaction.

Composition of Residue
It is the celTulese which is digested in fermentation

which comes out of oul-let pipe. About 25-33% of maictial

can be digested and therefore residue will have all other

ingredients like N,P. and K and micronutrients increased by
33.50% per unit weight of residue, as compared to unit weight
of raw matenials fed to the digester. Thus as a fertiliver.
for 1he same weight of organic matetial applicd to crops,
residue has rare nutrienls.

R S B T T L

Use of Rns:dues as Fertnhzer
The residues as feriilizer, has Following usecs ;

* . It has higher N,P,K and micronutricnts by 33 to
50%.
¥ Micronutrients ke iron, copper, zinc, manganese

and molybedenum in residue, mm into chelated
forms and therefore are readily available 1o the
plants, without bejng fixed in to soil.

* In the raw malerjals N,P,’and K are available to
crops, slowly over 3 years and only 50% of them
become ullimalely available, whereas insludge, they
are available immediately.

* Residues have no offensive smell, seeds, insecis and
pactetin Marmful to plants and humans.

» . Residues do not atiracl [Tics, rodcms,;inSccts ele.

* Residues as dry malter contain about 80%, oL nitrogen

of original organic maticr, About 18% more {8 gvail-
able in residue lquids as ammonia and this can
get lost, unless liquid in slurry is immediately
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nitrogen, (hat also over a perind of 3 years whereas
Insludge 100% is made available readily and utilized
in 3-4 months.

¥ Ready availabilily of phosphates o plants rathcr
than lixing them to soil.

' Residuo or dipested =lurry is not toxic to plants,
unjess these arc applied in heavy dozes, when (hey
can hecome 10oxie.

UAZARDS 'TO TIUMAN 1TEALTI
Tazards of Iandling Raw Materials

Handling of wastes of diseased animals can cntail
some danger, but human feces and exeremen| may impart
viral, haclerial, protozoan and helminthic origin diseases {4).

Table below gives the details of such diseases and
organisys involved;

Survival of Disease Producing Orgonism in the Digester

Anaerobie digestion can kill mostly 99.9% of ail
pathogens, dangerous to human health, within 15 days of
digestion, -

Riogus as Hazard

Biogas when mixed wilh 15-25% air forms a highly
explosive mixture and it can blow up the plant as well as
damage adjoining property and kiil persons and anjmals pass-
ing by or set adjoining property to fire.

Residne or Shurry as Hazard

Almost 99.9% of micro-organism of public health
sipnificance are killed by digestion process, and thosc which
survive, gei killed within a lew days of storage of slurry
du o in-hospitable environments.

Advaninges and Dis-Advantages of Digestion System
The advantages of the system aro:

ne happens with manure,

b Animal and human let.lnl matler ean be disposed
of hygienically,

* It produces encrgy and there by saves on cost of
wood, gas and oil as [uel, for kitchen or engines.

Disudvantages of the system are:

' Hazard of explosion.

* High eapilal cost per wnit ol fuel or energy produectl,

1 Liquid sludge hnndhngsmcl dryi ng neesls more labour
than manure. .

¥ Needs maintenance ancl scrvice.

* Needs periodic cleaning and painting of drum,

* ' Handling manure sludge is messy,’

. Needs, training 1o oporsie the syslem.

¢ Necds facilitics for removal of hydrogen sulphide

and carbondioxide for use in modern internal com-
bustion tngines.

CONCLUSION

In the paper the biological reaclions in anaerobic
tligesiion are discussed. It is the most economical method
of disposal of organic waste, animal and human feclal matter
by anaerobie digestion. It produces methane which can be
uscd s 8 fuel and can be stored at nominal costs, thus produc-
ing encrgy and gaving he cost of wood, gas and ofl as 3
fuel for kilchens and engines. The residues or sludge can
be used as fertilizer. It has micronutrients in chelated form
and can increase the production, il applied 1o crops.

The anacrobie digestion being highly gmnomlcal
i5 not without hazards, it docs need proper design, and han-
dling of raw malterial, without workers, cdichipg diseases.
Properly handled system woul! bc most economncal for
developing eountrics.
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e Fungi inthe raw materials carry disenscs lothe plants,  * Produclion of methanc, which can be used or stored
when applied to the field, but alter anacrobic diges- nominal cosl. : :
tion all fungi are tofally deatroyed. . . Produclion of sludge which is odourlcss and not
2 Residue improves the physical properties of soil, disagreeable to handle as ‘manure,
br}"du}cge:sfgg meisiure folding capacily, semtion Residue has good Fertilizer value and in some cases
e . can be mixed with animal feed.
* Availability of micronutrients (copper, zine man-
: . Sludge has micro-nutrients in chelaled [rom and ean
ganese. iron, bern Axl Molybedpnmn) éontained mcre%mc production il applied to craps,
ingludge is available to the planl easily and readily
as these compounds are in chelated form, ag a con-  * Reduce organic matler volume of manure by 30-50%
sequence ol anacrobic digostion, and could be kept for long time belore applying
* Avatlability '0f nitrogen and potash 1o the plants ¥ s
is immediale, unlikc manure which release them ¥ Anacrobic digestion destroys weed seeds.
slowly. Manure releasc only uplo 50% of total It does nol altract mosquitos, flies, rodents, birds
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TABLE 1. BIO-DEGRABLE ORGANIC MATERIALS

Crop wasles,
Wastes of animal origin

Wastcs of human origin

By-producis and wastes
of Agro-Indusiries,

Porest [itter
Wastes lrom aquatic growth

Sugarcane lops, sugarcanc lrash, weeds, corn and crop siubble, siraw, spoiled fodder.

Catule-shed wastes (dung, urine, ltter), poultry litter, sheep and goat droppings slaughlerhouse
wastes (blood, bonc, meal), [ishery: wasles, leather, wool and cotton waste.

Faces, vrine refuse.

Oil cakes, bagasse, fice and wheat bran, tobrcco wasies and sceds, wastes from fruit and
vegetable processing, press-mud from sugar (actories, collon dusi from fextile industries.

Twigs, bark, branches, leaves.
Marine algae, seawecds, waler hyacinths,

TABLE 2. 80OME DISEASES AND CAUSATIVE ORGANISMS OF CONCERN IN II.J\NDLING OF TTUMAN

EXCREMENT '
Calegory Discase Organisms
Viral . Infectious hclpatitis
Gastroenteritis Co Adenovirys
Respiratory illness Reovirus
Paiomyelitis Enterovirus 1])61iovii‘m)
Raclerial Typhoid fever Salmonellosis typhosa
Salmonellosis Satmonella spp.
Bacillary dysenlery )
(Shigcllosis) Vibrio chlovrae
Cholera Tuberculosis Mycobhactenum Luberculosis
rolozoun Amcobissis (Amehic dysentery) Bntamueba histolytica |
:ehininthic (Roundworm) Ascaris Luinbricoides
(Prinworm) . Oxyaris vemicularis
(Whipworm) Trihurus trichiurs
(Tapeworm) ! _ Taenia saginaie
(Hookworm) . Ancylostoma duodenable

Necator americanus
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TABLE 3. BIOGAS PRODUCTION FROM VARIOUS AGRICULTURAL WASTE MATERJIAL

' Bingas Production Per Unit ) .
. : CH4 Conlent in Fermentation
Raw Malerial ¥ Weight of Dry 35;)::5 Tampz::tum Gas (%) Time (Days)
. : m
‘Cattic manure’ 3.5-80 '0.23-0.50 1.1 « 13.1 56 75
Chiken manure 3.0 0.31 373 © 60 .30
Poultry manure 73 .86 0.46 - 0.54 .+ 32.6 58 10-15
Goat & sheep manur¢  5.9-9.7 0.37-061 - 64 20
Sugar bect leaves 8 0.5 - 35 i4
Algac 5.1 0.32 45-50 . 62 11-20
Night soil G 0.38 20-26.2 64 21
‘ - INPUT - APPROPRIATE PROCESS- - - ' OUTPUTS. | .
. ‘ ACID METHANE
¢ORMERS — vORMERS BIOGAS
—— Qﬁgfbhgc
MATTER AT WORK AT WoRt*
ENVIRONMENT RESIDUES
Fig: 2. Schematic Dingram Showing An:‘\uroblc Digestion .
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