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ABSTRACT

A two-culture dynamic model which incorporated tbfects of diurnally cyclic temperature was
developed and used to predict the dynamic respohseaerobic reactors operated on dairy manure
under two diurnally cyclic temperature ranges of400C and 15-25°C which represent the summer
and winter in Nigeria. The digesters were operaaéd/arious hydraulic retention times and solid
concentrations and some useful kinetic parametesse vdetermined. The model predicted biogas
production, volatile solid reduction, methane yialdd treatment efficiency with reasonable accuracy
(R? = 0.70 to 0.90). The model, however, under-preticthe cell mass concentration in the reactor
probably because the Volatile Suspended Solid (Y88)ch was used as the estimator of the actual
cell mass concentration in the reactor, was nat@gndicator of the active cell mass concentration
anaerobic reactors operating on dairy manure.
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1. INTRODUCTION contributed towards the understanding of animaltevas
digestion. These are: The First Order Models (Moris
Diurnally cyclic variation in slurry temperatureas  1976), Monod based Models (Hill and Barth, 1977) an
common phenomenon in anaerobic reactors operateconto is Based Models (Chen and Hashimoto, 1978).
under ambient conditions. Empirical studies have The First Order Models allow the use of simple
shown that under a diurnally cyclic temperature inputs but do not generally result in accurate jotézh
environment, gas production as well as some otherof digester performance. Models based on Monodtikine
operating and performance indices follow a diumpall expressions result in accurate predictions but they
cyclic pattern with some lag relative to the generally require very many input parameters, some
environmental temperature (Ghaly and Echiegu, 1993;which are difficult to determine without the aid of
Ghaly and Alhattab, 2011). Thus, there is a need tocomputer simulations. Conto is based models combine
develop a kinetic model capable of predicting the the advantages of simplified inputs of the Firsd€r
behaviour of reactors operated under this condition =~ Models with the good predictive ability of the Maho
The primary purpose of kinetic modeling of the based Models. These models will, however, not ptedi
anaerobic fermentation processes is to predict theprocess failure due to inhibition of bacterial pizpion.
digester performance under varying operating cait To reduce the number of input parameters while
Based on the kinetic expression used to descrille ce maintaining high predictive ability a simplified Mod
growth, three basic kinetic models have signifiant Kinetic Model was developed (Hill, 1983). This was
Corresponding Author: Echiegu, E.A., Department of Agricultural and Biaesces Engineering,
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achieved by reducing the waste into its organicebas For stoichiometric purposes, glucose will be assime
i.e., Biodegradable Volatile Solids (BVS) which are as the soluble substrate.
independent of waste type. Since many of the
parameters predicted using the so called comprarens
models are hardly monitored on a continuous basis a The BVS will be assumed to be the growth limiting
performance indicators in anaerobic digestersetien  substrate for accidogenic bacteria while the VFA
serious doubt as to whether the advantages gaireed a (notably volatile acetic acid) is assumed to be the
worth all the computational effort. growth limiting substrate for methanogenic bacteria
In this study, a two-culture two-substrate system Other assumptions made in the model include:
together with a modified Monod kinetic expressioasw ~Continuous feeding, continuous mixing, negligibsi c
employed in the study of dynamic response of Mmass concentration in the influent material (raw
continuous mix anaerobic reactors operating onydair Substrate), two culture-two substrate system, itibif

manure under a diurna”y Cyc“c mesophy"c and of both cultures due to VFA and negllglble effedt o
psychrophi"c tempera‘[ure ranges. other |nh|b|t0ry agents such as ammonium.

2.3. Substrate M ass Balance
2.3.1. Biodegradable Volatile Solids:

2.2. Assumptions

2. MODEL DEVELOPMENT

2.1. Growth Limiting Substrate

The two bacterial culture considered in this maitel Rateof | _| Inpu
the acidogens and methanogens. Accordingly, differe | Accumulation | Rat
grqwth Iimi_ting substr_ates_need to be id_entified)_rﬁ the Output Rate of ®3)
point of view of microbiology and biochemistry of —{ }—{ }

anaerobic digestion process, the growth limiting "

substrate for acid formers is assumed to be the ] ]

Biodegradable Volatile Solids (BVS) while that of ~ Mathematically Equation 3 to 5:

acid formers is assumed to be the Volatile Fattydac

(VFA). The biodegradability of a given substrag)( Vd—S:QS _ Qg{"axa} v @)
is the fraction of the raw substrate that is cotilés dt Y,

to a useful utilizable form by microorganisms. In
terms of Volatile Solids (VS) biodegradability cae

Rate Utilizatio

defined as follows Equation 1: or:
_ .| gramVvs destroye dS_ Q.. _ _|:/jaxa:| 5
Fo _ehinm{ gramv's addedjj 1) a v Ya ©
Where: Substituting for® = V/Q yields Equation 6:
Bo = The biodegradability constant,
6 = The retention time (d) and S S-S u
VS = The volatile solids concentration (mg/L) m :T—YLXE‘ (6)
a
For a waste of known influent Total Volatile Solid
(TVS), the influent biodegradable VS is given by Where:
Equation 2: dddt = The rate of BVS accumulation (mg/L.d)
V = The reactor volume (L)
S =8,(TvVS 2 S = The effluent BVS concentration (g/L)
0 = The hydraulic retention timé/Q (d)
Where: Ha = The specific growth rate of acid bacteria (1/d)
S = The influent biodegradable volatile solid X, = The concentration of acid bacteria (g/L)
concentration (g/L) Ya = The growth yield coefficient of acid Bacteria (g
TVS = The Total Volatile Solid (g/L) cell/g BVS)
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2.3.2. Volatile Fatty Acid:
Rate of _| Input | Outpu
Accumulation| | Rat Rat
. Rate of _| Rateof
BVS Conversio Utilizatio
Mathematically Equation 7 to 9:

%_ _ HaXq _ _ HmX m
Ver=0A Q%+V{Y }(1 ¥) {Y }

a m

Or:

%_9 _ :uaxa _ ,ume
PG A@){ " }(1 Ya){ v }

Substituting for = V/Q yields Equation 10:

Or:

dX,

= 2(X, =X, )+ (Ha =K, )X (13)

Substituting for@ = V/IQ and assumingthe influent
acid for cell mass concentratioX,f) = zero:

®) o =(” 2" _%] Xeo (14)

Where:
dX,/dt = The rate of accumulation of cell mass of acid
forming bacteria (mg/L.d)
Ksga = The endogenous decay coefficients of acid
) forming bacteria (1/d)

2.4.2. Methane Formers:

dA _ X X Net Rate of CellMas
—=u+ HaZa 1-Y) HmZm (10) Cell Mass =| Inflow
dt 0 A Y ,
Accumulatio Rate
. (15)
Where: Outflow Blomass.
dA/dt = The rate of VFA accumulation (mg/L.d) | Rateof |+| Generatio
A = The influent VFA concentration (g/L) Biomas Rate
Ac = The effluent VFA concentration (g/L)
Mm = The specific growth rate of methane forming Mathematically Equation 15 to 17:
bacteria (1/d)
Xn = The concentration of methane forming bacteria dx
(g/L) VTtm =QX, — QX+ M =K, ) Xn (16)
Y = The growth vyield coefficient of methane
forming Bacteria (g cell/g BVS) or
2.4. Cell MassBalance . O
2.4.1. Acid Formers: “at Ty Ky T Xm) =K ) X (17)
NetRateof Cell | [ CellMas Substituting forg = V/:
Mass Accumulation | InflowRaf
. (11)
Outflow Rat Biomass dXm _( _  _1 18
- ) + ) = Hm — K, Xm (18)
of Biomass Generation Rale dt m 6
. . Where:
Math tically Equation 11 to 14: .
athematically Equation ° dX,/dt = The rate of accumulation of cell mass of
methane forming bacteria (mg/L.d)
v dXa _ QX — QX+ Mz =k, ) X, (12) Kdn, =The _endogeno_us decay coefficients of methane
dt & a forming bacteria (1/d)
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2.5. Growth Rate Coefficient 0.0186 - 0.325 ( 3LC<Ts< 4K

Several kinetic expressions showing the relatiqreshi ~ #max=| 0.0048 + 0.298 ( 4 <T< 6W) (22)
between growth rate and substrate utilization eXike 0.0200° + 1.770 ( 6 <T< 6X)
one adopted in this model is as follows:
Echiegu (2013) presented the following function chihi
suggested that the diurnal (hourly) dry bulb terapge can

be represented by a sinusoid with an angular freyuef

_ H
H= K e (19) 0.261799 RAtand a phase angle of 1.8 radians:
7S+1+i
S K sin0.261799p+ 13)
T = Tavet T 2 23
Where: hTave” 1AM Lsin 0.26179{“13) (23)
M = The specific growth rate (1/d),
Mmax = The maximum specific growth rate (1/d) _
Ks = The half velocity coefficient (g/L) Wheie. .
S = The concentration of growth limiting substrate 'n = The hourly dry bulb temperature (°C)
(g/L) Tave = The mean daily temperature (°C)
S = The concentration of inhibitory toxic substrate Tamp= The mean daily temperature amplitude which is
(g/L) half the difference between the maximum and
K, = The inhibition coefficient (g/l) minimum daily temperature

h = The hour of the day (1.00 am = hour No 1)

For acidogens, the growth limiting substrate is the
Biodegradable Volatile Solids (BVS) while the
inhibitory substrate is the Volatile Fatty Acid (Xk

By Combining Equation 22 and 23 with the kinetic
growth rate Equation 20 and 21, the growth rate
coefficients for the acidogens and methanogens runde

For the methanogens, the VFA is both the growth di : - .
S S ; ) iurnally cyclic temperature environment was detiand
limiting and inhibitory substrate. Adapting Equatia3 used in the model. Two diurnally cyclic temperature

for the growth rate expressions of acid and _methaneranges (20-40°C and 15-15°C) were used in the model
formers, the following respective Equation result:

Although un-ionized volatile acid is generally
recognized as the inhibitory form of VFA in anaeimb
digestion, total rather than un-ionized volatileidsc
have been used in dynamic modeling with good result

fy = | man (20)  (Hill and Nordstedt, 1980; Hill, 1982; 1983). The
KSa A inhibition coefficient in this case is usually iarins of

?+1+? total volatile acid instead of un-ionized VFA.

a However, at pH between 55 and 8.0, the

concentration of un-ionized VFA is usually negligb

2.6. Gas Production

L= Hma, 1) With glucose (molecular weight = 180 g/mole)
m A assumed as the biodegradable volatile solid for
L stiochiometric purposes, the COD of the glucose lman
S Kum determined from the following oxidation Equatior 24
where, A is the concentration of the growth limiting CsHi,0; +60, — 6CO,+6H,0+AE (24)
substrate for methogens (g VFA/L).
In this study, the maximum specific growth rajg,)( Thus, 192 g (816x2) of oxygen is required for

is a function of temperature only. Chen and Haslomo complete oxidation of one mole (180 g) of glucoBee
(1981) gave the following relationships between theoretical oxygen demand for glucose is therei®2 g
maximum specific growth rate and Temperature (T°C): 0./180 g glucose (or 1.067 g @ glucose). The
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conversion of glucose to methane and carbon dicate 3. DETERMINATION OF MODEL
be represented by the following Equation 25: PARAMETERS
C,H,,0,+ — 3CO,+3CH, (25) 3.1. Yidd Coefficient

) The Yield coefficients were determined from the

Thus, 0.267 [(816)/180] g of methane is produced gtgichiometry of the process. An elemental analpgis
from one gram of glucose. Hence, the amount ofyairy manure indicated that its chemical compositio
methane produced per gram of _COD stabilized is 0.25:5n pe represented IsH,,NO,. Hill (1985) has also
g [0.267 g CH/1.067 g COD]. Since one mole of gas noted that dairy, beef and poultry manure have laimi
occupies a volume of 22.4 L at Standard Temperaige  carpon to nitrogen ratio. They also noted that niga
Pressure (STP), this is equivalent to 0.35 L4#@H \yaste is converted to soluble organics (presumed as
COD [(0.25¢22.4)/16]. glucose) on one to one weight and volume basis. The

If the ratio of biodegradable COD to BVS of conversion of glucose (assumed as the soluble @rgan

substrate isR, the volume of gas that would be for stoichiometric purposes) to VFA may be desafibe
produced from the conversion of 1.0 g of BVS would a5 follows (Jeyanayagam, 1986).

be 0.35R. The volumetric methane production,)( ) )
and methane yieldy) can then be computed as 3.1.1. Acidogenesis:

follows Equation 26 and 27: Glucoser Ammonia- Cells Acetate

30
(5 _ %) +Propionate + Butyrate + Carbon Dioxid (30)
K =038 ~——* (26) . .
CyH,,+ O, +0.1115N} + 1.054" + 1.1p
- 0.111%, H,NO, + 0.74€H, COOH (31)
- +0.5CH,CH, COOH+ 0.5CH; CH, CH, COOF
Yy =0.3R (S %) (27) T s O Chy
S +0.45420, + 1.384,0
Where: 3.1.2. Propionate Hydrogenesis Equation 32:
v = The volumetric_methane production (L/L.d) Propionic Acid+ Ammonia- Cells (32)
Yg = The mgthane_ yield (L/g VS added) +Acetic Acid+ Hydroger Carbon Dioxi
R = The ratio of biodegradable COD to BVS of substrat
2.7. Solid Reduction and Treatment Efficiency CH, CH, COOH+0.0458NH; + 0.0458
Volatile Solids Reduction (VSR) and treatment +1.786H,0 ~ 0.0458, H, NG, (33)
efficiency () were computed as follows Equation 28 +0.924CH,COOH+ 0.9242Q + 2.8'H,
and 29:
3.1.3. Butyrate Hydrogenesis Equation 34:
VSR= (Sﬁ - Sre) (28) Butric Acid+ Ammonia- Cell (34)
: +Acetic Acid+ Hydrogen
CH,CH,CH, COOH+0.0545N, + 1.84H, O-
2 7% 00 29 SN N Lo (35)
n=—-— (29) 0.054%, H,NO, + 1.86CH, COOH+ 2.04,
i
In Equation 31, 33 and 35, the chemical composition
Where: of bacteria is assumed to kgH;NO, with a molecular
Sro = The influent TVS concentration (mg/L) weight of 113 g/mole. The nitrogen source for the
Sy = The effluent TVS, concentration (mg/L) reactions represented in the equations as ammoisum
n = The treatment efficiency (%) the hydrolysis of raw substrate which is catalytsd
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extracellular enzymes. In the case of dairy mantire, v =0 209gcell / g BCODx (RgBCOD g BV} (39)
reaction is represented by the following Equation:

C,HNO, + H,0+ H" - C,H,,0,+ NH, (36) For this model, the ratio of BCOD to BVS of dairy
manure R) was 1.51.
Equation 30 to 36 show that the conversion of onkem )

glucose to volatile acids results in the productén.1115  3.1.4. Methanogenesis

moles of cells and 0.5 moles each of propionate and
butyrate. The conversion of one mole of propioreatd
butyrate in turn results in the production of 084&nd
0.0545 moles of cells, respectively. The total nembf
moles of bacterial cells formed as a result ofattreakdown

of one mole of glucose is 0.312 moles [0.1115+
(0.0458+0.0545)/0.5]. Hence, the yield coefficitont acid CH; COOH+0.0227NH, - 0.022G H, NQ

In order to compute the vyield coefficient of
methane bacteriaYf), acetic acid (mol wt. = 60
g/mole) was assumed as the substrate. The chemical
reaction is as follows Equation 40:

formers {f,) is calculated from Equation 37: +0.94TH, + 0.9480, + 0.0681,0 (40)
: 4t 0. .0681,
v, = (0.312mol cellx 113g cell per mol cell)
a” mole glucose180 g mol (37) The conversion of one mole of acetic acid resuits i

the formation of 0.0227 moles of cells. Thus, theldy
coefficient of methane bacteria is equal to 0.04%i4g

This is equivalent to Equation 38: VFA [i.e., {(0.0227 mole cel}(113 g/mole cell)}/{1
mole acetic acid(60 g/mole acetic acid)}].

3.2. Biodegradability Constant

=0.196g cell per g glucose

Y, =(0.196gcell / g glucos¢
x(1.067g glucose/ g BCOD (38)
=0.209gramcell per gramCOL Biodegradability was determined in this study, ggire
method of (Echiegu and Ghaly, 1993) by plottingatite
The vyield in terms of BVS is computed as follows solid destruction versus the reciprocal of hydcargiention

Equation 39: time and extrapolating to the Y-axisFig. 1).

0.6

e & Blanchard and Gill (1984)

R*2=10.6

osd * ® Converse er al. (1977)

»” : .

sa ® Jevanavagan and Collins (1984)
044 om®

® Ghaly and Ben-Hassan (1989)

V'S reduction (%)

B3 1 4 Ghaly and Echiegu (1991)
- - .
0.2 " © Ghaly and Echiegu (1993)
2 4 o
-
0.14
0.0 0.1 0.2 0.3 0.4 0."5 0.6

1/HRT (1/d)
Fig. 1. Determination of biodegradability (VS basis)

///// Science Publications 135 AJBB



Echiegu, E.A. and A.E. Ghaly / American JournaBafchemistry and Biotechnology 10 (2): 130-142,201

The interception on this axis is, by definition,eth HRT while Fig. 3 shows the result for 10 days HRT. For
biodegradability of the waste. The data used fa th the 20-40°C temperature cycle and 20 d HRT, the

study were the dairy manure data of (Conversal,

predicted effluent Volatile Solids (VS) concentoati

1977, Blanchard and Gill, 1984; Jeyanayagam anddeclined rapidly down to about 200 mg'lwithin the

Collins, 1984; Ghaly and Ben-Hassan, 1989; Ghaly an
Echiegu, 1992; 1993). The estimated biodegradabilit
constant on the basis of volatile acid was 0.4.

3.3. Endogenous Decay Coeficient

A value ofK equal to 10% of the maximum specific
growth rate was assumed in the model.

3.4. Half Velocity and I nhibition Constants

first 18 days and then remained fairly constafig(
2a). The biogas production rate and the concentration
of acid bacteria were predicted to rise rapidlgttbf
methane formers was predicted to decline slighthjlev
that of VFA rose slightly over the prediction petiof
60 days. Overall, after some initial instabilityeady
state was achieved after about 18 days.

At the operating temperature cycle of 15-25°C, HRT
of 20 days and influent TVS of 6.4%, initial insily

These were determined by computer iteration usingyas predicted within the first ten days with theA/Bnd

the best fit for actual daily biogas production adat
obtained from experiment.

4. MODEL IMPLEMENTATION

The set of non-linear Equation [Equation 6, 10,181,
20 and 21] were solved using Forth Order Runge&utt

method (Gupta, 1995). Input parameters included the

influent and total volatile solids and VFA concetions
as well as the reactor volume and hydraulic retenti
time. The initial cell mass concentration was cdestd
to be the Volatile Suspended Solids (VSS) concéatra
of the seed material. Since this comprises the anil

acid bacterial cell mass concentration as welliagds
production rising to varying degrees while the f&la
methane bacteria cell mass concentrations fell iwith
the same periodFig. 2b). After about the tenth day,
the VS and VFA concentrations were predicted to
increase gradually while biogas production and the
cell mass concentrations of acid and methane hacter
were predicted to decrease.

At 10 days HRT, both the predicted VS and methane
bacterial cell mass concentration declined withim first
20 days after which the effluent VS increased while
continued to decreaseFif. 3a). The predicted
concentration of acid bacteria and VFA as well s t

methane formers, a value equal to half of the tOtaIbiogas production increased initially up to abdg 20th

influent VSS was used as the initial concentratodn
each of acid and methane formers.

5.MODEL VALIDATION

day after which these parameters declined steadily.

At the operating temperature of 15-25°C, HRT of 10
days and influent VS of 6.4%, slight decreases 8 V
VFA and methane bacteria cell mass concentratiars w

The results of the simulation were compared to anPredicted for the first five daysFig. 3b). A slight

experimental of a continuous-mix anaerobic reactor ) - i
two diurnal S@me period. For the remaining period, the VS aRé V

operated on dairy manure under

increase in biogas production was also predictedhie

temperature ranges of 20-40°C and 15-25°C. Twoconcentrations were predicted to increase whilethier

samples of manure of total solids contents of d a
3.5% respectively and four levels of HRT (10 days,
days, 20 days and 25 days) were used in the stud
The ratio of BCOD to BVS of dairy manur®)(was

determined to be 1.51 on the average for the two

manure samples and this was used in the simulation.
6. RESULTSAND DISCUSSIONS

Typical results of the kinetic model are showrFig.
2 and 3. Figure 2 shows the result obtained using a

parameters were predicted to decrease.
The predicted initial fluctuation in parametersais

yi_ndication of the instability which accompanies

changes in reactor operating conditions. Following
this unstable period, was predicted an asymptotic
decrease in effluent VS concentration and an irsea
in biogas production for the 20 day HRT. The
predicted and experimental results indicated that t
digester was healthy at 20 day HRT. For the 10 day
HRT, the prediction indicated that the unstableiquer
was followed by an initial increase in biogas

manure of 6.4% TS for a reactor operated at 20 daygproduction and the concentration of acid formers as
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well as decrease in the predicted effluent TVS andpredicted to decline sharply within the first tways.
VFA concentration. After predicted methane bacleria After this period, the methane bacteria population
cells mass concentration this period, a reversahen  continued to decrease gradually until the end @f th
predicted trends of the parameters was observed. Thprediction period while the VS concentration rose
predicted and experimental results for the 10 d&fH after the 27th day. The predicted acid bacteria
indicated sick digester. population and the biogas production rate also rose
Typical results for the manure of 3.5% TS content sharply within the first two days and then gradyaip
are shown inFig. 4. At 20 days HRT and operating tO the 27th day after which there was a steadyidecl
diurnal temperature cycle of 20-40°€ig. 4a), both  in the two parameters. The VFA was predicted to
the VS and methane bacteria concentrations weredecline slightly and then rose gradually.

60 30
= 30 25 w
f 5 HRT =20 d B
52 40 Temp = 20-40°C 20 =
5 @ ot , h=]
7 TS = 6.4% z
2-E 30 15 &
5 £20 10 3
= < —_
i ™
10 5 B
0 = 0
1 11 21 31 41 51 61
Days
(a)
60 30
- HRT=20d
§ = 0 Temp=15-25°C 3 g
2= TS=6.4% o
£z 40 20 B
]
£ E =
z 2 30 15 &
ol o c
p=g G
L =20 10 5
) =
=10 C: 5 B
0 0
1 11 21 31 41 51 61
Days
wen Effluent BVS (g/L) w— A cid bacteria (x0.1 g/L)

o \{ethane bacteria (x0.1 g/L) es—mVFA (x0.1 g/'L)

s (as prod. (L/d)
(b)

Fig. 2. Predicted effluent volatile solids, VFA, acid batseand methane bacteria cell mass concentrationt kaogas
production at 20 day HRT using manure of 6.4% T8 tavo diurnal temperature cycles
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At the 15-25°C cycles, there was a slight steadyeva methane yield, treatment efficiency and cell mass
for all the parameters up to the 15th day aftercivtihe concentration showed a fairly accurate predictiBf (
VS and VFA increased while all other parameters varying from 0.7 to 0.9) as shown imable 1 except
decreased steadily indicating reactor failure. for cell mass concentration where the predictediesl

Typical comparison between the predicted and actuawere very much lower that actual values. This resul
biogas production rates is shownhkig. 5 and 6. The showed that Volatile Suspended Solids (VSS), which
results showed that a fairly accurate predictiobiogas was used as the actual (experimental) cell mass
production (R = 0.8) under the indicated diurnally cyclic concentration, was not a good indicator of actied ¢
operating temperature condition. A comparison & th mass bacterial cell mass concentration in an
actual and predicted effluent VS concentration, aerobically digested dairy manure.

60 35
HRT=10d

Temp = 20-40°C
TS =6.4%

-
84 2
S840 Z
£ E 2 B
Z 2 30 =
g £ 15 2
= B 20 z
10 s &
0 — 0
1 11 21 3 41 51
Days
(a)
60 30
2 v
=~ & = =
SE= 50 25 o
@] ag
gE s HRT-10d 5
z 2z 40 Temp=15-25°C 120 '3
F- A TS=6.4% _ &
zg Pg
e I z
2E 2 10 =
au R 2 !
- 10 g &
0 0
1 11 21 31 41 51
Days
we Effluent BVS (/L) w—Acid bacteria (x0.1 g/L)

o \fethane bacteria (x(.1 g/L)mm—VEA (x0.1 g/L)

s (Gas prod. (L/d)
(b)

Fig. 3. Predicted effluent volatile soilds, VFA, acid batée and methane bacteria cell mass concentrations ogas
production at 10 day HRT using manure of 6.4% T8 tavo diurnal temperature cycles
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60 35
HRT=20d
50 Temp = 20-40°C 30
TS=3.5% w
o =
5 < 40 25 Z
s = w
22 20 '8
_é g 30 é‘
@ 15 2
] R E
=B I &
5
. - - 0
1 11 21 31 41 51
Days
@)
60 35
HRT=20d 30
'% ~ 50 ?;11_11)3:“13-25”(: w
%::: _% 40 20 25 U;;:i
z £ 20 2
B .2 30 g
= Z 15 §
o @ =
5 £ 20 5
é S \ e 10 3
= O -
=7 10 l%e_ 5 =
0 0

1 11 21 31 41 51
Days

s E ffluent BV'S (g/L) w— A cid bacteria (x0.1 g/L)
e Methane bacteria (x0.1 g/L) wm—~fA (40 1g/L)

e (Gas prod. (L/d)
(b)

Fig. 4. Predicted effluent volatile soilds, VFA, acid batdéeand methane bacteria cell mass concentrations aogas
production at 20 day HRT using manure of 3.5% T8 @vo diurnal temperature cycles
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Fig. 6. Comparison of the predicted and actual biogasyctdn (TS basis)

Tablel. R?values from the comparison of actual and
predicted performance parameters

Parameter R?value
Effluent volatile solids 0.8
Methane yield 0.9
Treatment efficiency 0.7
Cell mass concentration 0.3

The average maximum specific growth rate was
estimated to be 0.251/d. This was lower than value
estimated by other researchers (Siegrisal, 2002) and
the inhibition coefficients for the acid and metban

diurnally cyclic temperature ranges of 202€0and 15-
25°C which represent the summer and winter in
Nigeria. The digesters were operated at various
hydraulic retention times and solid concentratiams
some useful kinetic parameters were determined. The
model predicted biogas production, volatile solid
reduction, methane yield and treatment efficiendthw
reasonable accuracy {R 0.70 to 0.90). The model,
however, under-predicted the cell mass concentratio

Sthe reactor probably because the Volatile Suspended

Solid (VSS), which was used as the estimator of the
actual cell mass concentration in the reactor watsan

(Chen, 2010) for digesters operating at a constanty,nq indicator of the active cell mass concentratio

mesophilic temperature which may be attributedh® t
effect of diurnally cyclic temperature. Formers w&er
predicted to be fairly constant at about 11.0 arl
L™, respectively. Again this is higher than the vadie
0.05 to 1.0 g COD/L given by (Chen, 2010) for amino
acid fermentation and long chain fatty acid degtiada
respectively indicating inhibition problem under
diurnally cyclic temperature environment.

The half velocity coefficient for methane bactesias
predicted to be constant at 2.0 @ lwhile that of acid
bacteria was predicted to vary from 22.0 to 4407
thus, reflecting the effect of cyclic temperature.

7. CONCLUSION

A two-culture dynamic model which incorporated
the effects of diurnally cyclic temperature was
developed and used to predict the dynamic respohse
anaerobic reactors operated on dairy manure umeer t
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anaerobic reactors operating on dairy manure.
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