
-:--.: 

13.AUG.2001 16=24 NAT BOT INST MARKET N0.812 P.25 

/tVIGfLE;'S T<tV t; 

{rv f .::; ~Jtft -r. / f 

f (l..A c:lt cfr L
;4-".r-1 {-(~ 7t c - ~(~{ (,.<... ' ( ,_.._( ' ' 

Anaerobic Digestion and Use of Its Residues 'i~ Agriculture· 
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ABSrRACT 

.A~rnc,-obic riigr:.trfmt · (,, n namrnl proceu in wlticfl 
o/1 rtrmerl(l/.r of orgnnlt: ori8lon are dig~sted ro t•or·ilm.t ldndf 
(If na.rf!s tvnter· soluble rmd insof11blt: org(ln/c compo11nd.~. 
'l1u: n·.tidtrt or ,fllld~e qf (1nnr.rohi(. digc.vtion i.v lt.tcd n,, fer·· 
tilfrcr and can havt: many mlwr uses. Tl1e pmc;es.t consi~t.r 
<if formntion of enzymes, which pmdiiCt!,t orgnnir. acid (IT1d 
tire IT1f1Mrial rdrlmately i.s converted In to ncetic ocid. 7111s 
ncr.tl~ acfd partially brenkv dmwr ro merlume CHt, C02 t1nd 

. sl,,rJgl!, Of rite ga.~e.r /tmned CU-t i.v about 60%, eo, 40%, 
and lire other [:Q.St!.f abo11t I%. Solid residlll!, or 3/1/(lge, hm1nt: 
the f'roteifltJQII.$ part. is ·about 12 U) 20%, is used os fertilizer. 
In tlm paper the adl'antagt!3 of resfducs t2J fertilizt!r are 
nl,vo rliscus.red. 

lNTRO!ltiC'rtON 

Jn CtllliCrO\'IiC processes djffcr~J11 types Of bOICicrlil 
utt<Jc.l<~ substrate and produce.'l comple1e compound11, C01 
:~nd m~.:thnnc ga$ t I J, The gm; production I~ f1 ferment~ lion 
pr11t'cs~ ill which !lc~raduhl!l mgank rnntt1'r ;~ ;~nm·robknlly 
<llgc~u:t! producing ga<;C~'I rich fn rnethnne. The hio-tlc~rndinhle 
mnrw;o. ri:~l~ 1\Ullable for dl~estin" 11re given in Tnhlc (t) . lhe 
nnacrohtc . reliction or rcrmcnt;Hion l~tkc:~, plncc in t~hllcocc 
of n"ygcn lln(l nelcd~ suhstr:llc, which in tnrn ~·ormtin; ahmll 
60% m more ~v~ttct. The sub~:tmtc h'l to have h~.tmiccllulo!lc, 

n~lluhiSC, lipid~, protein~ MCI mtcrnnulricrli!!Whlch ilrr:~nhlhlc 
And insoluble compout~ds. The liUbstrntc ha~ tn be: mnil'lfnfncll 

nt 11 lctnpcti11ure of 30-42°C, M at lower lcmpcrnturc..~. the 
g<1!i production reiluces considerably Calling to less than Sll% 
111 l511C. The process of gns production cnn be incrc11scd 

luwe all other ingrcdlcnt.s like N.P.K., and mlcronlltrienl'l 
increASe~ by 33-!\CJ% per unit Weight Of residue, IUI COTT\pllred 
10 untt weigh I 0( rnw mnterinls fed Ul lhc digc,;tcr. The rc~idue 

can bCSl be usctl I'IS plant nutrient. Residue or :1lut1ge when 
iiJ'IJlllcd to SOil has the lillme Cffecl ll.'l 11pplyJng nny nfgtmic 
ml\Ht:r. The humu~ m;l!erlal ('(lr01cd improve~ the phy~knl 
propeHie~ ot· soil by increasing moisture, !ICnuion, water in
tillrlllion, nvnil11hilily of mlcronurrientli, nilrogcn, potnsh. 
pho.~phatcs etc. Thus ns :1 fertilizer the n~sidue h11s more 
11Utrlent.s And the micronutrient:~ arc in chelnted rurm, mndily 
ab5on.blc by soil and pl11n1s. 

At~aerobic tllgcstion system fs an ccrmomiCIII method 
tcl (fisposc otr organic: wnstcs, human 11nd nnimnl fcctnl m11ttcr 
12}. The 11tl11i'1nl11geg Md disadvantages of llnllcrolllc digc!ltion 
and I he use~ or digc~tcd residue in agriculture is lll!!o dtscu~cd 
In the pn per. 

IIIOI.<JGICAt UACTERIAL ACTIVITY 

Riologil:nl httclcriltl 1\Ctivily takes pli!C"!l in .1 Slt~gcs, 
:1n1! t•n\'lronmcnt~ rn IIW llfgclitcr hAve In l'tc nrthnum in 
all these swgc~ {~). 

Stu~e No. I 

Tltc ~uh~1r111e Clltllllln:-; rr l11rgc l'mcll<lll of nr!(ank 
m;~ucr in form ol' cellulose, which mny nccoun1 !'or 
4-411% in most 1\~ricuttuml wftl;tes. The r11ngc c1r 
vilrtou!l ingredients in Olltnurcs, ~cwagc !lludgc 1111d 
llgrlcultuml wa~tcs is given in T~hlc below: 

TAIHAi; COMPOSh10N {>F SUDTRATI<: 

, by hrA1ing the digester ~tt 55 to (l01'C at which tcmpcr111um~ 
,, di((crcnt type of bacteria Ollmcd ;~.,~ thermophilic, bccomcll 
ilCiiVC rmd rat~: or gas prod\lCiion Is enhanced. 'l"lle II!'IRerohlc 
dl~estlon reactions ~~ given in Fig. (1-2). 

Ingrodicnl 

Hemicellulose 

O:llulosc 

Lipid~ 

Pcrec!nt Dry . Weight 

4.$% 

:1{) • 40% 

12. • 20% 

· The orgnnlc matter u.~u~t!ly contnin vnriou~ kin<l or 
di~c:ISCS ot organif."m as clillcu,;sed in Tnblc (2). These or· 
gnnh:,ms are destroyed in the nnacrobic digestion process. 
The raw matcri11l c.on8ists of human and callle was1cs nod 
cxt:rcta and ~tlw decaying organic m.aterial, usually is ntu\ckcd 
hy hactcrfa and virus org11nisms. Their b<tndling need careful 
11111nngcment to 11voitl risk to humnn, cnui~:-Hnd environment!:. 

Abolll 2.5·33% of the liolld m;:~,tcrial ill dig~ted in 
the nn~croblc proces$. The undigcslcd m:ucrinls or residue 

' 1\~l"';iftll! Pf'(l(e~~CII, Dep;~rlm~lll or l'<"lmleum ~n<J o~~ lloli_:SI. Mchr:'" l)niv~r$ily (\( nnai.,~etilll: a11d Tc~llnllillYS• Jam~h{>H'I, 

(lcnet;~l MAnngqr, Soil Tc~tlng L1h<1r3l"tilll:. :;?.(:, Unlr No. ~. 
l<~rifnlo~d, l!y~mtml. 

M~nngln!l !Jirc~l{>r, ltme~rrh •nd f)ev~foprncnr Fnslnr.cr~ . ~4 -D. 
C'lill••n, K:nm·hi, 

Proteins 

Ash: 

l.'i • 2...'i% 

30 " '10% 

tn the fir!! I 5li!gC Ill lealll 3 lypc:; or hllCICrill dccom· 
pose S\rbstratt. These l'luctcriR nl'tl: 

* Flit decomposing hn~·1criu. 

.. 
Cellulose llecomp·~~ing hnc::tcrin 

Protein cleCQmpml.ns ,...!'lc:terin 

13y En:~:ymic hy1lroly!;r~. hjtclcrin convllrl~ these lhrtlC 
ingrcdicn~ 10 ~Qiubh: compounds nr monomc~ 

• 
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1;11(! I r\nn~ml>ir Fer!ll~111 ;11\t•1• >~I Ort;~nic Sl11i,~. 

In this stage ncid flmnlng b;'lctcrin nllnck ~ol\lhlc 
~·omJX>llntls or monumcrs HJitl proc.Jucc. Hectic ncitl. 
The.~e bllch:rifl cM be two types; mesllphilic, which 
!lpcnue in th~: rnngc oC 30 • t12°C ;~nd thermophilic 
which oper11te between 50 - &:Pc. Both have pH 
n:quiromell\ of &.bout 7.9 ~ 0.~ .l.e 6.5 to 7 .5. Al 
pH 7.0 thoy are most errlcicnl These ~~naerobic 
digestion porceases are given in Figures (1,2). 

Stage NQ. 3 

Jn this st:~gc meth<~ne forming or methnnogenic: bac
teria, convert acetic: acids Into biologically stahlc 
lCSfdues CH4. CO;z nnd undlgestiblc residue$. The 
producllon of biog~s from different llgricultural 
wmne is given In Thhlo (3). 

TemJl~rntures 

Two type$ of bacterin mCl!ophilic 11nd tbBrmophilic 
work nt 3(1 - 42°C and 50 • 6Cl1C rel!pectlvcly. However, 
hnctcrla arc most :'lctlvc between \he temperature ranges or 
?..i • JS°C and 55 - 58(1C. Thermophilic bacteria produce 
30 • SO% more methane than mesophilic with in the S!lme 
Lirrtc. Tu 111kc the besllltlvantagc thcnnopllilic reilclions retain· 
iug time is reduced from 30 days for mesophilic, to 15 d11ys 
for lhcrlllophillc, eluting which lime snme amount of g:t$ 
Ill p!Od\lcc~t, <1.'1 in 30 tlays, in mc!;ophll ic .rtllc1ion. 

Cmupusilion of ltesi<luo 

11 i~ the ccnult·~C which i~ digC!i!Cd in fcrmcnlnliOll 

which comas out or out-lot pipe. Ahnut 25-~3% of m~lcri~tl 
~n be digested :rnd thcrcfoni residue will hl\vc i!ll other 
lnttrcdicn\.~ like N.P. <~nll K am1 micronutrient~ increased flY 
33~50% per unit wcigbtof residue, as compnred to _uni I ":'~ight 
of raw material~ red to the digester. Thus ;u; ~ fcrllhi'Cr. 
ror the same weight o[ organic m11Jerial applied 10 crops, 
residue Ms more nutritnl$, . 

.... .. ·- ..... . . ................ .. . 
Usll nf R~iducs as Fcrti!b;er 

•• 

• 

* .. 

The re..'lldues as fert.!li'~et, h:ls following uses ; 

11 hM higher N,P,K 11nd micronutricnts lly 33 !() 

SO%. 

Mi~ronutricnrs like iron, copper, ~inc;, mang11nese 
and · rnolybedenum in residue, tum into chclatcd 
forms 11nd therefore :~re readily aVflil!'blc to the 
plants, without being Oxed in to soil. 

Jn the mw miliaria Is N,Y, ·and K nre ilVailablc to 
crops, slowly over 3 years and only 50% of thcrn 
become ullimlltely available, whereas Ins! udge, they 
are available immediately. 

Rcsiduell hnvc no offensive smell, se eels, insects and 
MClCtin Mrmful to plantll and huma~. 

Rcsidues do not alln~ct l1ics, rodents,: insects etc. 

Res! dues ns dry m~llcr coo:HiJl nbou\ 80~. of..nlttogc n 
of origin;~! organic milttcr. About18% mpre is ~vail· 
nblo in residue liquids as ammonia aryd this can 
get lost, unless liquid in slurry is i111mcd!~tely 

'·---.. 
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Fungi In the raw matcri~ls carry <llsellsc$to the plant,;, 
when i!ppti!!!d to the fiel<l, but aner an<tcrobic <ligcs· 
tion ~tll rungi are tQiltlly destroyed. 

~e!!idue impr()vcs the ph)'$lcal propert:cs or soil, 
by increasing moisture holding c11pacity, 11ernlion 
an<l infillralion. 

Avoll11bili~y or micronutrienls (copper, zinc man· 
gunt.~c. iron, horon and molyhedonum) contained 
in llludge is available to the plant e11sily nnd readily 
ll$ these e;ompounds arc in chelated form, as 1t con
sequen<:e or llnllcroblc digestion. 

1\vnll;~bilily 'Of !'1\trogen nnd rotn!lh to !he plont!l 
is immediate, unlike lllanurc which rclct~se them 
11lowly. Manure relensc only upto 50% of totnl 
nitrogen, thntalso Over ;'I period of 3 ye:-trs WhCTCil~ 
In sludge HJO% Is made !lvl'lilllbfc rca<lily and utilized 
in 3·4 months. 

Really nvnilabilily o( ph<lsphatcs to plants rnUtcr 
than Oxing them to soil. 

Rc!!iduc or cli~tc~llcd :o:lurry is M\ toxic lo plants, 
unless lhcse urc ~pplic<l in heavy dozes, when they 
C'-110 hccum~ tnxic. 

tiAZAIWS 'l'O lHJJ\<JAN JJJ•:Al.'J'H 

1I:.7.nnl~ or Haorlling Rnw 1\fntr.rinlq 

Handling of wastes or disen:;cd 11nim111~ can ent11il 
tmrno d«ngcr, but hurnl!n fecet; :.ntl cxcremenl may imp11rt 
viral. hnclcrinl. pmtn2('1fiTI Rn<.l helminthic origin dlsc~~:c~ 141. 

Table: below gives the dctnilR of such dilseasc5 nnd 
orgonis01s involved: 

Snrvivnl ot Disease Pnxlucilll! Orguulsrn in thn Digester 

Anaerobic digestion can kill mostly 99.9% or nil 
plllhQ~c~. dangerous to human health, willlln 15 dnys or 
digealioo. · 

lliog:IS ~s Un~ard 

lliogns when mi~cd with lS<ZS% ~ir forms a highly 
cxplo!ilvc mi:durc 11nd it CRn blow up the pl11nt M well ru; 
<lnn1age adjoining property and kill pcr&o'lls and animal!! pllss
ing hy or set ndjoining property to fire. 

Rt!!i<llle ()1" ~hrrry !!!; llnznrrl 

AlmO!'lt 99.9% of micro-org~nlsm of public he11lth 
'<i!'-nirlcllnce are killed by digestion procc!ls, nntl !hQSc which 
$urvivc, gci killed within a lcw days of stor11gc of slurry 
ou~ tc1 in-hospi111blc enVironments. 

,<\(hnutnges ;uuJ Dis-1\dv.nutugc.!l nr Digestion Syste111 

The 11dvnotage~ of the !!iystcm nro: _ 

• 

• 

* 

Production of mcthnnc, which can be u:;cd C'lr stored 
nominal c:ost. 

I 

Proouction o[ slud~c which i& odourless and nol 
dlaagrcm1ble to handle ~~ ·rnnn1.1rc. · 

Residue hi'\!1 goud rcrlili:lcr value llnd il'l ~ome ~St/1 
can b~: mixed with Mimnl fccc.l. 

Sludge has micro-nutrients in chcl:lled l'rom ancl Clln 
increase production ir applied re.) crops, 

Reduceorgllflic mllllervnlume o1'm11nurc lly 30~50?f, 
and could be kept for long time !')crore applying 
10 the crop. 

An:lcrobic digestion <.lc'itroys weed sccd!l. 

11 does not allmct mo!;quilos, Oics, rodents, hlrds 
ns happens with manure. 

N1im111 11nd human l'ectnl matter cnn m: disp~ed 
of hygfen!clllly, · 

lt produces energy ancl 1hcre by silvc:; on cost or 
wood, gns and oil ns fuel, for kl1chcn or cngineli. 

Dl!ittrhnntage.~ or !he Ryslcrn arc: 

t 

' 
• 
• 

• 

Hmo;nrd or cxplosirJrl. 

High cnpillll I.."()~IJll!r llrll\ ur rul!l ur cm:rgy pro<.lucctl. 

Liq ui<l sludge hnndli ng 1111<1 dry I og need~ more I;~ hour 
than manure. · 

Needs mnlnrenancc ll!ld service. 

Needs periodic cleaning nnd paintlns or drum • 

tiiindling m11nure !lludgc: is messy. · 

Needs, !mining to opoi.<uc the 1:ystem. 

Needs (:~~cililics for removal of hydrogen sulphide 
nod c11rbondioxidc for use In modern inrcmnl com· 
bustion engines. 

CONCJ.USION 

ln the paper the biological reactions in Maerobie 
digestion arc discussed; Jr Is the most economical method 
or dlsposnl of orgnnic waste, anirnlll and hul11M feCiill muller 
by nnaerobic digestion. It produces methane w(Jich ~JI be 
I.IScd as a Cue! and ean be storr:d 111 nominal cosu;, thus produc-
Ing energy and $aving lhc cost ol' wwd, g11s: llnd oil ~~ ll 

fuel For kitchens 11nd engine~. The resillucs or sludge can 
be u.~cd as fertilb;cr. ll has micronutricr1tlli ln chclllled Corm 
and can Increase the production, if npplied I~ cro~!l. . 

The anaerobic cligeslion bcirig highly .~conomlcal 
ill not withm11 hR7.ilrds. lt does need proper dcsig.-n, and han· 
dlirlg or raw material, ·wlltloul work~rs. c4tchif.!g disciLSCS. 
Pronerly haildh:d 11ystem woultl be most eco~omical Cor 
developing eounlric:;. ··~ " 
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Crop wnstc.~:. 

Wnstes of anim11l origin 

Wn$tcs of human origin 

By-products and wastes 
of Agro-lnduslries. 

fl'crcst Utter 

Wastes rrom aquntic gtOwth 

NAT BOT INST MARKET N0.812 P.28 

1'1\ULE 1. UIO-UEGHAUJ,..E: OIWANIC MATT~lUALS 

Sug!lr<;nnc lops, sugnrcanc tra5h, weeds, corn ;~n<l crop stubble, straw, spoiled fodder. 

Cattle-she(! Wl'l..~lcs (dung, llrine,litter), poultry litter. sheep and go111 droppings slaughlcrh()ll'le 
wastes (blood, bone, meal), Clshcry ·. wastes, lea,ther, wool and eolton waste. 

FacC!S, urine refuse. 

Oil cakes. bllg::~ssc, rice and wheat brnn, tob'llcco Wlllitcs and liccds, wutes from t'ruil 11n<l 
vegetable proccssin~, press-mud from sugar factories. couon dust from tcxlilo industries. 

Twigs, bark, branches, leaves. 

Marine algae, licawccds, water hyftclnll1s, 

'1'1\UUt l. SOME lli~FASES AND CAUSATIVE O.RGANISMS OF CONCERN JN HM~DLING OF HUMAN 

Virnl 

rolo~nun 

; ~:lmlnthic 

~~W~T . 

Category Disease 

lnrcetiu,,R hc:lplllirill 

Oas,trPCntcritis 

Respiratory illness 

Pniomyeli tis 

Typhoi<l fever 

Salmoncllosi:~ 

Bllcillary dysentery 

(Shigcllos i$) 

Cholern Tuberculosis 

Amcobi~~~;is (Atnchic dysentery) 

(Roundworm) 

{Ptil\worm) 

(Wldpwoml) 

(fapewotm) 

(Hookworm) 

Orgnnhm1s 

Adenoviruli 

Rc(Jvirus 

Enterovirus 11Jblioviru.~) 
Salmonr;:lln!'lls lyphosa 

S:•lmontlln spp. 

Viorlo chlu~rac 

Mycohactcnum LuberculDSis 

Entamucb;1 histoly!ica , 

A~CMis Lulnbrfc:oides 

oxy.,rl.s vcnnlc~laris· 

Trillurus trichiurs 

Taenia s11glmua 

Ancylostomll <luodenablo 

Necator aml.lricanus 
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' ' 
TARl.-E 3. lnOGAS l'IH>J>UC'I10N FH.OM VARIOUS AGIUCULl'UML WAS'm MA'f'l'l:RJAJ, 

Biog\1.'1 Production Per Uni! 
CH4 Conlcnl in Fcrmenlall<m Rnw Material Wclglll or Dry Solid~ Temperature 

Gas(%) Time (Days) n ~/lb m3/t'Jt "C 

·Cattle manure · 3.5-8.0 0.23-0.50 11.1 • 13.1 56 75 
Cbiken manure s.o 0.31 37.3 60 . 30 

Po11lll'Y manure 7.3 • 8.6 0.46. 0.54 . 32.6 58 10·15 
Oo;,t &. sheep man~r · 5.9-9.7 0.37-061 . · 64 20 
Sugar beet leaves 8 o.s . 55 14 

Alg~c 5.1 0.32 45-50 : 62 ll-20 
Night soil t5 0.38 20·26.2 64 21 

.. INPUT ·APPROPRIATE PROCESS·· .. .. '. . '' OUTPUTS .. 

~010 \loe,THAIVE 
~of\ME:R.s fOF\McAs BIOI) AS 

-!"~TAGE 1 
SIMPLE ... ... 

ORGANIC ~ORGANIC ~ STAG!; 2 

~ MA1TER A"r wof'-'f.. 
ACIDS Ar wo~~ 

EN VI RON M ENT RES I DUES 
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