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ABSTRACT

The process of anaerobic digestion employs specialized bacteria to break down organic waste, converting it into
astable semi-solid digestate. In the present study, kitchen refuse were collected and digested anaerobically in lab-
scalefor theanalysis of various physico-chemical parametersand biokinetic coefficients. Initial pH and temperature
valueswere 2.3 and 32°C respectively and the final values were 7.2 and 55°C respectively. There were significant
percentage reduction in BOD, COD, total solids and volatile solids. In case of kinetic constants, values of the
growthyield coefficient Y (mg/mg), the micororganisms decay coefficient k, (d*), the substrate removal coefficient
k(d*) and the Half velocity constant i.e., substrate concentration at half of the maximum growthrate k, (mg/l) were

0.06, 0.03, 0.004 and 29 respectively.

INTRODUCTION

Anaerobic digestion is a natural process,
spontaneoudy taking placein naturd surroundings, such
as marshes, bogs, and paddies or in cesspits and
dedicated digesters, used for the conversion of organic
wasteinto useful products. Themost promising solution
for the treatment of kitchen wastes appears to be
anaerobic digestion of the source-segregated fraction.
Mixture of water and waste products is called
wastewater™, Domestic sewageiscomposed of toilet
wastewater (black water) and sullage (grey water) from
the kitchen and bathroom?. Collection of domestic
sewage and kitchen wastewater for thetreatment began
inlate 1800’s and in India in mid 1900°s®. Anaerobic
treatment is a biological process in which
microorganisms convert organic compounds to
methane, carbon dioxide, cellular material sand other
organic compounds. The process can overcome
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disadvantages of aerobic and chemical treatment
methods, because ahigh degree of waste stabilization
can be accomplished with arelatively low production
of biologica solids, to ausablebyproduct, methanegas
isproduced in the process. Treatment of domestic
wastes with appropriate methods produces useful
products. For example, treatment with carbon
monoxideand water producesfue oil; treatment with
hydrogen gives substituted natural gas. Thedigested
dudge/digestate (removed at regular intervals) isused
asasubgtitutefor chemicd fertilizer. An alternativefor
rel easing these kitchen garbage and wastewater into
any water sourcesisto usethem asasoil amendment
substance on agricultura lands. In the present study,
vegetablewastessuch aspedss, shdlls, leavesand unused
seedswere collected, segregated and grinded well for
anaerobic degradationinlab-scale, using an aspirator
jar. Variousparameterssuch aspH, COD, temperature,
total dissolved solids, volatile solidsand the biokinetic
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constantsweredetermined.
MATERIALSAND METHODS

Activation of digester and preparation of grey
water

The digester used was activated using cowdung
durry and jaggery mixture beforetheaddition of actua
kitchen refuse to be analyzed. Kitchen refuse was
collected from the canteen of College of Engineering,
Gunidy, Chennai-25. It was shredded, grinded well by
adding ample amount of water and filtered well. An
aspirator jar of 5-L capacity wasused for thedigestion
process.

TABLE 1: Physico-chemical parameters

Analysis Methodology

APHA-AWWA WEF, 1998

pH, temperature,

Total solids APHA-AWWA WEF, 1998
Volatile solids APHA-AWWA WEF, 1998
cob Reflux and titration against ferrous

ammonium sulphate, APHA-AWWA WEF, 1998

Kineticstobiological treatment

Laboratory studieswere undertaken to determine
the biokinetic coefficients such as Substrate removal
coefficient (k), Growth Yield Coefficient (Y), Decay
Coefficient (k ) and the Substrate Concentration at half
of the Maximum Growth Rate (k) for anagrobic
treatment.

To determine the biokinetic coefficients of
wastewater / grey water used, the digester unit was
operated at different MLSS concentrations and the
temperaturewaskept congant. Thevauesof theinfluent
BOD,(S,), ffluent BOD, (S), MLSSin thereactor
(X,) and MLV SSinthereactor (X) wereplotted against
Oc. Thekinetic coefficientsY, k , k.andk wereobtained
from the same parameters for different MLSS
concentrations.

1. Cdl yied

Therateof cell productionisproportional tothe
rate of soluble substrate consumption!®.
dX/dt =Y dF/dt (2.1)
Where X= Concentration of microorganismsin the
reactor, mg/l; t="Time of contact in the reactor, days,
F=Solublesubstrate, mg/l; Y = Growthyield coefficient,
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Inmost of biologica reactor designs, concentration

of volatile suspended solidsin thereactor istaken as
theconcentration of microbia mass. Thisassumptionis
true only when thewaste under treatment issolublein
nature. The carbon and energy source(F) aremeasured
intermsof TOC or COD or ultimate BOD (BODu) or
5day BOD (BOD5). In each case, different numerica
vaueof Y’ is obtained.

2. Specificgrowth rate

The microorganisms’ growth rate per unit of
microorganismiscalled specific growth rate.

Itisgiven by,
p= dX/dt

- (2.2)

Where u= Specific growth rate; X= concentration of
microorganismsinthereactor, mg/l

From experimentd studies, Monod® obserbed that
the growth rate, dx/dt was a function not only of
organism concentration but a so of somelimiting nutrient
concentration. Monod’s empirical function gives the
relationshipbetweenpandp
M= Hmax (S)

k, +S

Wherek_ = Substrate concentration at the utilization
rateof p__ /2, mass/unit volume (also called saturation
concentration); S=Concentration of ratelimiting nutrient
or substrate, mg/l; p = Maximum rate of specific
substrate utilization per day (t7)

3. Net solidsproduction
Combining Egn.2.2and Egn. 2.3,
dx/dt = pas (S) (X)

2.3)

(2.4)
k, +S

Expressionfor rate of growth must be corrected to
account for theenergy required for cell maintenance. It
is assumed that the decrease in cell mass caused by
them is proportional to the concentration of
microorganisms present. So, the net growth rate is
expressed as,
dx/dt = px — kgX
Ax/dt =pax (S)(X)

k, +S
Wherek = Céll decay rate (time™) dueto endogenous

(25)

e 26)
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respiration.
For afinitecondition, subgtitutingfrom Egn.2.5and
Eqgn.2.6,
Net solids produced / time = Ax/At
=So-S
t

4. Mean cdl residencetime

Itistheratio of solidsin any system to the solids
leaving it per day. Ratio will be same for MLSS or

- kX (2.7)

MLV SSor activeMLV SS. Hence 0, tendsitself better
to processdesign and control.

1= dydt = Y(dF/dt) =  ppa(S)

5. X < kK +S (28)

5. Food/Microorganismratio

Another termrel ated to specific utilizationrate ‘U’
isFood-Microorganismratio (F/M).
FIM =S/0, (2.9)
Where S, = Influent substrate concentration; X =
Microorganismmass X; 0 = Hydraulic detentiontime,
d
Relation between U and F/M:

T=
Ll o0
Where E= processefficiency
E=5-S x 100

= — (2.12)

Where S= effluent substrate concentration
6. Minimum mean cell residencetime

The critical value of 6_ below which waste
stabilization does not occur is minimum mean cell
residencetime (6_M). Itisthetimeat whichthecells
arewashed out or wasted from the system faster than

they can reproduce.
1 = Y KS; - ks
oM k. +Sp (212)

For this condition, influent waste concentration S,
isequa to effluent waste concentration ‘S’.

Since S, >Ks,
1  =Yk-kq
BCT (2.13)

To ensure adequate waste treatment, instead of
designing with 6_ vaues equal to 6 M, they can be
designed and operated with 6 d valuesfrom 2 to 20
timesO M. Theratioof 6 dto 6 M iscalled as Process
Safety Factor.
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SF =06.d
oM

7.Approximation of Substrate Removal

From Eqgn. 2.1, substrate removal rateisdirectly
proportiond to ratea which thenew cellsare produced.
Subgtituting Egn. 2.1 and Egn. 2.4,

(2.14)

Y(dF/dt) = SX
(dF/dg W”{““‘ (2.15)
Or
dF/dt = HmaxS X
- (2.16)
Y (ks + S)

CONDITIONSOFAPPROXIMATION

CASE-1:
When S>>K
dF/dt = ppax X
v (2.17)
ordF/dt = Kx (2.18)

WhereK=p,__/Y =Maximum substrate utilizationrate
per unit time per unit massof microorganism (time?)

CASE-2:

When S<<K,
dF/dt = pyas X

YK, (2.19)
OdF/dt = KSX (2.20)

Where, K=p__/Yks

Advantagein using thisapproximationisthat only
one parameter K is required for design purposes,
whereasin Monod case, 3 congtantsk , k and i, are
required to be known.

RESULTSAND DISCUSSION

Parameters such aspH, temperature, COD, BOD,
TDS, Volatile solids during anaerobi c degradation of
kitchen refuse were analyzed from O™ day to 60" day
of digestion. Initial pH of thedurry was2.3 and after
55 daysof digestionitwasat 7.2. Initial temperature
was 32°C and at the end of digestion, it was 55°C.

Biokinetic coefficients
Thestudy included determination of BOD,, volatile
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TABLE 2: Initial and final valuesof Physico-chemical pa-
rameters
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TABLE 3: Determination of BOD reaction rate constant for
grey water

Parameters Initial Final Percentage of removal S. No. Dayst BOD (mg/L) Y A
BOD 2780 445 84 1 1 911 0.1055
COD 2650 408 85 2. 2 1808 0.1059
TS 1500 375 71 3. 3 1921 0.1185
TDS 550 175 74

suspended solids, dkdinity and volaileacidsof influent
and effluent samples and gas production for various
MLSS concentrations maintained in thereactor.

pH

Initially the pH values of influent sampleswere
measured for variousM L SS concentrationsmaintained.
The optimum pH maintained was 6.8to 7.4. The pH
valuesfor different ML SS concentrationswereat 3700
(7.0-7.6) and at 1280 (6.9-7.5).

Deter minationsof BOD reaction r ate constant

Procedurefor finding the BOD reectionratecongtant
isgivenincdculations. Figure1 showsthereactionrate
congtantsfor wasteswerefound. Determination of BOD
reaction rate constant is presented in calculations.

Thevalues of reaction constantsfor wastes: (K)
(day®) for influent isaround 0.4336 to 0.4655. From
the above K values, the detention time required to
achieve a desired degree of BOD removal was
determined.

125
12
115
11
105
10
9.5
9
8.5
8

0 1 2 3 4 5

t (in days)
Figurel: (t/Y),, vst for waste (influent)

(HY)1/3 x 10-4

BOD removal efficiency

BOD isthemost important parameter in ng
thedigester performance.
Reaction rate constant for thewaste (influent) = 0.4336
day

BOD of effluent after digestion varied from 640to
650 mg/L. Average removal efficiency % = 84.3.

TABLE 4: Removal of BOD_ under different mlissconcen-
trationsof grey water

s MLSS BOD,
No maintained (mg/L) removal
" inreactor(mg/L) (Effluent) S
1. 3700 445 89.4
2. 2620 610 85.1
3. 1470 698 824
4. 1350 809 80.3

Her e e=0.8948 F=0.000955

Rel ati onship between % BOD removal efficiency and
MLSS concentration is presented in Figure 2. From
this, it wasobserved that BOD, remova increased with
increasng ML SS concentration.

Gasproduction

Thedaily gasproduction, at steady satefor different
MLSS concentrations, room temperature, pressure
under which gaswas rel eased, volume of methanefor
that particular pressure and temperature, volume of
methane at standard temperature and pressure are
presented in thetable. Theincreasein the number of

-1 00 0o o0 O o0 D
S N e N 0 O

BOD removal efficiency (%)

[#22]

1000 1500 2000 2500
MLSS (mg/L)

Figure2: MLSSvsBOD removal efficiency
TABLES5: Gasproduction VsMLVSSof wastes

3000 3500 4000

S MLVSS Absolute pressure Volume of
Nc.). maintained mg/L mm Hg methane
X Py C
1 2760 770 0.1671
2. 2275 773 0.1561
3. 1940 772 0.1451
4. 1520 770 0.1281
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TABLE 6: F/M ratioand mean cell residencetimefor different MLV SSconcentrations

S. mai nll/lall'_n\tladssmg n Vrr?:eLteraigf Rate of substrate Net growth of M ean cell residence F/M_lratio
No X C utilization kg/d dF/dT  dludge kg/d dX/dT time (days) 0. da-u
1. 2760 0.1671 0.000855 0.000266 41.5 0.077
2. 2275 0.1561 0.000790 0.000242 37.6 0.086
3. 1940 0.1451 0.000739 0.000228 34 0.095
4. 1520 0.1281 0.000749 0.000269 22.6 0.123

microorganisms’ leads to the destruction of large amount
of solids, resultingin gas production.

Gasproduction from wastes

Methane (61-63%), Carbon dioxide (33-34%)
and Hydrogen disulfide (4%).

Effect of mean cell residencetime 6, and food to
microorganismratio ‘U’

Valuesof F/M ratio ‘U’ —mean cell residence time
0, valuesof 1/U, 1/0_ rate of substrate utilization AF/
AT, growth of microorganism AX/AT, for the wastes
areshowninthetable.

BOD removd efficiency increased with increasein
mean cell residencetime. % BOD removal efficiency
for waste varied from 65 to 89% with a mean cell
residence time ranging from 12-44 days. From the
results, maintainingamean cell residencetimearound
45 days, upto 90% BOD removal efficiency was
achieved.

Asthevaueof mean cel resdencetimeincreased,
effluent soluble BOD, decreased. Minimum effluent
BOD, valuesfor the wastes were 250-350 mg/l.

Kinetic Coefficientsof Sludge Growth

To determine kinetic coefficients of grey water
growth, namely growthyied coefficient Y, and thedecay
coefficientk , aplot of (AX/AT) / (AF/AT) was made
fromtheTABLE 7. A straight linewasobtained for the

0.5 1 1.5 2 25 3
S4-5/X, d-!
Figure3: PlottodetermineY and K

wastesasinFigure 3. Intercept of straight linegave Y’
andthe Slopegave k.

The growth yield coefficient for the waste was
around 0.06 gV SS/mg BOD...

Themicroorganism decay coefficient for thewaste
was 0.03day .

All theresultswere plotted for theline of best fit.

TABLE 7: Valuesof dF/dT and dX/dT

Rate of
MLVSS Substrate Vet growth
) maintained utilization of
No. Wastewater
mg/L X Kg/d Kg/d dX/dT
dF/dT
1 2780 0.000855 0.000266
2. 1940 0.000790 0.000242
3 1060 0.000739 0.000228
4, 980 0.000749 0.000269

Substratelevel coefficients

Thesubstrateremoval coefficientsnamely k andk
for thewasteswere determined by plotting /U Vs 1/
SeasinFigure4 andalineof fit wasobtained. From
the line the intercept 1/k and its slope k /k were
determined. Thevaduesof /U and /Sewerecdculated
fromthevaluesobtained from TABLE 4 and TABLE
6. Substrate removal coefficient for the wastes was
found to be 0.004day™.

Thehdf velocitiescongtant for thewastewasfound

tobe29 mg/L BOD,. Thevaluesof Y, k , kandk are
0.12
0.1
- 0.08
20.06
><‘C0.04
0.02
0

0 0.5 1 1.5 2

1/8 (mg/L)!
Figure4: Plot todetermineK _and k
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TABLE 8: Valuesof biokinetic coefficients

S. No. Biokinetic coefficients Values
1 Y mgVSS/mg BODs 0.06
2. kq day™ 0.03
3. k day™ 0.004
4, ks mg/l BODs 29

shownin TABLES.
Calculation of coefficients

Calculation of BOD reaction rateconstant for the
waste- influent (grey water)(influent):

TABLE4.3.

BOD reactionrate constant

k (base 10) =2.61 X b/a

k (basee) + 2.3 X k (base 10)

Fromthefig 1, a=9.8 X 10, b=0.76 X 102

k (base 10) =2.61 X (0.76 X 102/ 9.8 X 10?)
=0.2024 day !

k(base €) = 2.3 X 0.2024 = 0.4655day !

Calculation for deter mination of fir st sageultimate
BOD of thewaste:

TABLE4.4

(BODs X Quantity of waste added daily)

First stage Ultimate BOD = -
(1%

Fromthe TABLE 4.7 thevalue of BOD, istaken.
Thevaueof tisknownas5 days.

Reaction rate constant for waste (k) = 0.4336 day™*
BOD, = 4231 mg/l, k=0.4336day ', t = 5 days,
Quantity of wasteadded =0.2 |/day

4231X0.200X 10°

First stage Ultimate BOD =
= 04336 X5
(1-e )

=9.55 X 10“Kg/d

Calculation for determination of methane at
standard temper atureand pressure:

TABLEDS.

Volume of methane at standard temperature and
pressure (at 0°C and 760 mm of mercury)
C=[0.37X (P,—P ) Cl/[273.1+T]

FromtheTABLE 4.9thevauesof P, P , T, and
C, corresponding to MLV SS concentration of 3670
mg/L aretaken.

P, =773 mm Hg, P, = 31.01mm Hg. At 30°C, C =
0.1853L
C=[0.37 (773-31.01)]/[273.1 +30] =0.1671L
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Calculation of dF/dT, dX/dT, .and U.

C=350[eF-1.42 (dX/dT)]
From TABLE 6 eF and C values aretaken.
eF=8.27 X 10“* kg/d, C=0.1671 L.

dX/dT =[0.1671 — (350 X 8.55X 107)]

(350X 1.42)
=2.66 X 10*kg/d
C=MLVSS/ (dX/dT)
Thevaluesof MLV SSand dX/dT aretaken fromthe
TABLES®G.
MLV SS= 2760 mg/l dX/dT =2.66 X 10*Kg/d

C=[4X2760 X 10°]

2.66 X 107
~ 42days.
U =(dF/dT)/ (MLVSS)
Vauesof dF/dT and MLV SSarefrom TABLE.6.
dF/dT =8.55 X 10*kg/d
U = 855X10"

2760 X 4 X 10° - 0077 day*

Though the anaerobi c treatment of wasteisaslow
process, different investigators™, used several
anaerobic digesters produced to establishing the process
as an effective method of pollution control and by
product recovery intheform of biogaswhich could be
used as an energy source. A decrease in COD and
BOD removd efficiency wasobserved with decreasing
temperature as found in studies by Bodik et al.,'%,
Varadhargjan and Viraraghavan™. Bal ashanmugam(*?
studied ontheeva uation of biokinetic coefficientsfor
tannery wastes under anaerobic conditionsand found
itstreatability. Also the studiesincluded theeva uation
of growth yield coefficient Y (mg/mg), the
micororganismsdecay coefficientk  (d™), thesubstrate
remova coefficient k(d™) and the Half vel ocity constant
i.e., substrate concentration at half of the maximum
growthratek,, (mg/l). Likewise, inthe present study,
theva uesobta ned for the af orementioned kineticswere
0.06, 0.03, 0.004 and 29 respectively. Kitchen waste
can beused asasource of energy for the production of
biogasin anaerobic reactors. The optimum temperature
and pH for the maximum biogas production was
between 29°C -33°C and the pH was between 7.2-
7.5. Theeffluent of thereactor wasclear and odourless;
the present study indicatesthat kitchen waste can be

=41.5 days.
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digested anaerobically with advantages|ike odourless
effluent, utilization of thedigestateashumus, protection
of environment and production of biogasetc.
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