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MATHEMATICAL MODEL/ PARAMETER/ SHRIMP POND SEDIMENT

The biogas is one type of energy and sustainable development which is
important to the energy and environmental planning of Thailand. The study and
analysis of the mathematical model of the biogas process can be explained the
variables that affect the process of biogas production. A treatment of shrimp culture
pond sediment by anaerobic digestion process could also reduce the amount of waste
and produce biogas, which account for methane gas that can be used as renewable
energy. The thesis has proposed a mathematical model to estimate parameters of
anaerobic digestion of shrimp pond sediments in the production of biogas by batch
fermentation. The principles of mass balance equations are defined the mathematical
models. And reactions of organic compounds are decomposed to biogas. The
mathematical models are compared to the experimental data, including temperature,
PH, biogas flow rate and biochemical properties of shrimp culture sediment. The
results obtained can be used to estimate biogas flow rate and factors affecting the rate

of biogas.
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4\ Optimization Tool =@ = |
File Help
Problem Setup and Results Options
Solver: | ga - Genetic Algorithm v | mBpuistion E
Prablem Population type: | Double Vector -
. Population size: @) Use default: 20
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P— Creation function: | Use constraint dependent defautt -
Linear inequalities: A b:
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Bounds: Lower: Upper: ©) Specify:
Nonlinear constraint function: Initial scores: @ Use default: ] i
Run solver and view results E ©) Specify:
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Current iteration: Clear Results [ 5 Fitness scaling |
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File Help

Problem Setup and Results
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Problem
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Constraints:

Linear inequalities: A
Linear equalities: Aeg:
Bounds: Lower:

MNenlinear constraint function:

Run solver and view results
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Population type: Ddble Vector v:

Population size: ult: 20
@ Specify: |100]
Creation function: Use constraint dependent default A

@ Use default: []

319 7.3 unuIMuEaInN13 laa Population Size



95

o an v A o J . A . .
7. ﬂ'liﬂ'lﬂuﬂ'lﬁﬂ'lﬁﬂﬂla'E]ﬂﬁ'lﬂ‘W‘L!ﬁ‘ (Selection) Iﬂﬂhlﬂ‘ﬂ Option => Selection

Aan = = ad 1 aa g . ax o 1w
Nﬁ‘ﬁﬂ'lilﬂ'ﬂﬂﬂﬁzclﬂﬂiqﬂﬂa'lullﬂﬂ'lfl'l‘ﬁle]fu')‘ﬁlﬂugﬂllﬁﬂ (Uniform), 593N 15UUIUU
an Y < an ' 9 v .
(Tournament), 15VY99390031aN (Roulette)  LAE 'Jﬁﬂﬁqmvlumammam (Stochastic

universal) Llﬁﬂiﬁﬂgﬂﬁ .4

= Selection ]

Selection function: | Stochastic uniform b

Remainder

Unifarm

Roulette
Reproduction | Tournament

MMutation Custorn

JUN 9.4 UM WIAAINITIABN Selection

8. MImMuASILINIPUVEIMIAUTaL Tnuamauaaanaoui1 14 Tae 114
Option =>Stopping criteria => Generations Wornuasiuiuseu, fvuasianaluns iy
Tna Option =>Stopping criteria => Time limit, fi’muﬂfﬁmauﬁauﬁﬁﬁmamﬁuamgﬁwq@
maulae Option =>Stopping criteria => Stall Generations, ﬁmuﬂﬂ'mmmmmﬂﬁ DUUDN

Mnoulay Option => Stopping criteria => Function tolerance Ltﬁﬂﬁﬁﬂgﬂﬁ .5



[ = Stopping criteria I —

Generations: (") Use default: 100
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Stall tirme limit: @ Use default: Inf
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i1 Tsunsuildlumsnadeuves Ga

function f=Model monod (x)

clc

load PH

load T

load Q

y(D=x(1);

s(1)=73.5;

sum_error13=0;

for i=1:1:35
ul()=(x2)/(x(2)+Q(1))-x(14);

ud(i)=(x(6)*s(@)/(x(7)+s(1)))-x(6)*x(8);

u(i)=ul(i)*u2(i)*u3(i)*ud(i);
k1(D)=(u(@)*y();
k2()=(u(D)*(y()+0.5*k1(1));
y(i+D=y()+k2(1);
K1()=-x(12)*u(i)*y(1);
K2(i)=-x(12)*u(i)*y(i)+0.5*K1(1);
s(i+1)=s(i)+K2(i);
Qes(i)=x(13)*u(i)*y();
Qes13()=x(13)*u(i)*y(i);

end
f=sum_errorl3

return

u2(i)=-1*x(3)*(pH(i))"2+14*x(4)*pH(1)-48*x(5);

34500/(1.98702411342312*(T(1)+273)))-x(11)*0.037;

sum_error]13=sum_error13-+(Q(i)-Qes13(i))"2;

u3(i)=x(9)*2.4*10"1 1 *exp(-16000/(1.98702411342312*(T(1)+273)))-x(10)*1.02* 10" 24*exp(-
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function f=Model_contois (x)

N=35;

load PH

load T

load Q

y(D=x1(1);

5(1)=73.5;

sum_error=0;

k1(1)=0;

k2(1)=0;

K 1(1)=0;

K2(1)=0;

for i=1:1:35
ul()=(x12)/(x1(2)+Q()))-x1(14);
u2(i)=-1*x1(3)*(pH(i))"2+14*x1(4)*pH(i)-48*x1(5);
ud(i)=(x1(6)*s()/(x 1(7)+s(1)))-x 1(6)*x1(8);
u3(i)=x1(9)*2.4%¥10"1 1*exp(-16000/(1.987024 113423 12*(T(i)+273)))-

u(i)=ul()*u2(i)*u3(i)*ud();
k1(@)=(u(@)*y();
k2()=(u()*(y()+0.5*k1(0);
y(i+D=y(D)+k2();
K1()=-x1(12)*u(d)*y();
K2(i)=-x1(12)*u(i)*y(i)+0.5*K1(i);
s(i+1)=s(i)+K2(i);
Qes()=x1(13)*u(@)*y(i);
sum_error=sum_error+(Q1(i)-Qes(i))"2;

end

f=sum_error

return

x1(10)*1.02*10"24*exp(-34500/(1.98702411342312*(T(i)+273)))-x1(11)*0.037,
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Function T=function_Haldane(x)

load PH

load T

load Q

y(D=x(1);

5(1)=73.5;

sum_error=0;

Qes(1)=0;

for i=1:1:35

u()=(x(2)/(x(2)+Q(1)))-x(4);
u(i)=x(2)*(pH(i))"2+x(3)*pH(i)-x(4);
u(@)=(x(2)*s(D/(x(3)+s(i)+s(D)"2/x(4))-x(5));
u(i)=x(2)*exp(-x(5)/((T(1)+273)))-x(3) *exp(-x(6)/(T(1)+273))-x(4);
u(i)=ul()*u2(i)*u3(i)*ud();
k1(D=(u(@))*y();
k2()=(u(D)*(y(D)+0.5*k1(1));
y(i+D=y(D)+k2();
K1()=-x(6)*u(i)*y(i);
K2(i)=-x(6)*u(i)*y(i)+0.5*K1(i);
s(i+1)=s(i)+K2(i);
Qes(D)=x(7)*u(i)*y(i);
sum_error=sum_error+(Q(i)-Qes())*2:
end

f=sum_error;

return
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0.l Tsunsuilflumsnadeuves ATS

040bj

function f = obj(x1,x2,x3,x4,x5,x6,x7,x8,x9,x10,x11,x12)

load PH

load T

load Q

y(D=x1;

s(1)=73.5;

sum_error=0;

for i=1:1:35
ul(i)=(x12/(x12)+Q());
u2(i)=x5*(pH())"2+14*x6*pH(i)+48*x7;
ud()=(x4*s(1)/(x11+s(1)));
u3(1)=x8%2.4*10"11*exp(-16000/(1.98702411342312*(T(1)+273)))+x9*1.02*10"24*exp(-

34500/(1.98702411342312*(T(1)+273)))+x10*0.037;
u(i)=ul(@)*u2(i)*u3(i)*ud(i);
y(+D=y()+(u@)*y();
s(i+ D=s(i)-(x2*u(@)*y(i);
Qes(i)=x3*u(i)*y(i);
sum_error=sum_error+(Q(i)-Qes(i))"2;

end

f=sum_error

return
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0%60bj

function f = obj(x1,x2,x3,x4,x5,x6,x7,x8,x9,x10,x11,x12,x13,x14)

load PH

load T

load Q

y(1)=x1;

5(1)=73.5;

sum_error=0;

for i=1:1:35
ul(i)=(x14/(x14+Q(1)))+x5;
u2(1)=x7*(pH(i))"2+14*x8*pH(i)+48*x9;
ud(D)=(x6*s(1)/(x13+s(i))+x2);
u3(1)=x10*2.4*10"1 1*exp(-16000/(1.98702411342312*(T(1)+273)))+x11*1.02*10"24*exp(-

34500/(1.98702411342312*(T(i)+273)))+x12*0.037;
u(i)=ul()*u2(i)*u3(i)*ud(i);
y(+D=y()+(u@)*y();
s(i+ D=s(i)-(x3*u()*y(i);
Qes(i)=x4*u(i)*y(i);
sum_error=sum_error+(Q(i)-Qes(i))"2;

end

f=sum_error;

return

* *
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Analysis of Biogas Production Process from Shrimp Culture Pond Sediment by Batch Method
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ABSTRACT

This research was to study the analysis of biogas production process from shrimp culture pond sediment
by batch method. This reaction is anaerobic digestion processes. Batch method was achieved by adding shrimp
sediments in a reactor at one time to start reactions until finished reactions. The experiment was to study pH in the
reactor, the temperature of sediment (T1) in the reactor, the temperature of the water (T2} in the reactor, the
temperature of the biogas (T3) in the reactor, the temperature of the air (T4) outside the reactor and birth biogas
rate. Study the analysis physical and chemical characteristics of sediments, biogas production yield and to
analyze components of biogas were produced from shrimp culture pond sediment. From the experiment total
biogas vyield of 13,255 cm’ and the ability of biogas production was 424.355 cms/day with methane (CH,)
producing was 44.34%, carbon dioxide (CO,) was 4.91%, and nitrogen gas (N,) was 17.23%. At get from the
education can induce design biogas from shrimp culture pond sediment system has the efficiency, in the lead
goes to apply true work.

Keywords: Biogas production process, Anaerobic Digestion and Biochemistry analysis
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Estimation Dynamical Model of an Anaerobic Digestion of Shrimp
Culture Pond Sediment in a Biogas Process using Genetic Algorithm

JIRAPHON SRISERTPOL', PRASIT SRINAKORN', ADTAVIROD KHEAWNAK!
KONTORN CHAMNIPRASART' AND ARTHIT SRIKAEW’
'School of Mechanical Engineering, Institute of Engineering
2School of Electrical Engineering, Institute of Engineering
Suranaree University of Technology
111 University Avenue, Muang District, Nakhon Ratchasima, 30000
THAILAND
jiraphon@sut.ac.th

Absiract: - Biogas is one type of renewable energy which is important to the energy and environmental
planning of Thailand. The study and analysis of the dynamical model of the biogas process can be explained
the variables that affect biogas process and optimization. The indirect advantage of biogas production process
for shrimp culture sediment was waste treatment. This paper presents a method of system identification and
applies an artificial intelligence to estimate the mathematical model of anacrobic digestion with shrimp pond
sediments in the biogas process which is a batch reaction. The principles of mass balance equations were
defined the mathematical models. The equations is one stage nonlinear caused by the reaction of organic
substances that are decomposed into biogas. This mathematical model was compared to the experimental data,
including temperature, pH, biogas flow rate and biochemical properties of shrimp culture sediment.

Key-Words: - Mass Balance Equation, Anaerobic Digestion, Biogas Process, System Identification and
Artificial Intelligence.

1 Introduction coastal areas [1-3]. Many mathematical models that
The biogas is obtained from digesting crumble are available in literatures were studied and situated
organic substances of the living things which are model of anacrobic digestion in biogas production
both plants and animals. This process is an  from wastes and feces [4-8]. The parameters
anaerobic digestion caused by various kinds of  cstimation and the specification of the identity of
microorganisms. The biogas is mostly mixed with mathematu_:al models for anaerobic digestion were
methane (CIL,) and carbon dioxide (CO,). Biogas also studied [9-10]. The control system of
which is produced from fermentative procedures has ~ Production was  designed [11-12]. This paper
different quantitics, depend on the raw materials and ~ Presents a me.tho.d O_f system identiﬁc:ation and
the condition of the formentative procedurcs, The ~ APplies an artificial intelligence to estimate the
Biogas has propertics like fucl. It is the rencwal ~ Mmathematical model of anacrobic digestion with
energy that is used to replace firewood, charcoal, oil, .shnmp pond se.d1ments mn t_he .b“’gas process which
liquid petroleum gas, efc. It is also able to apply to isa b.atch reaction. The principles of mass balance
cooking gas directly as same as liquid petroleum equations were defined the ma.thcmatlcal models.
gas. This is more convenience for usability than The equations is one stage nonlinear caused by the
using firewood or charcoal without smoke and ash. reaction of organic substances that are decomposed
The biogas can be applied to use in lamps orelectric ~ 10t0 biogas. .Thjs matheme.ltica.l r.nodel was compared
generators for light generation. It is also used to  [© the experimental data, 1.nclud1n.g femperature, pH,
generate heat and applied to use with all kind of blogas flow nate and Dbiochemical properties of
engine instead of oil. The biogas that is used for fuel ~ shrimp culture sediment.

energy must contain more than 50% of methane.

The biochemical properties of shrimp culture pond

sediment are waste of the sea shrimp farming and 2 Dynamical Model of the Process

have high BOD and COD. Shrimp farming plays an The anacrobic digestion could be modeled as the
important but controversial role in the economy equation with one stage nonlinear reaction scheme.
development of many countries in South-East Asia The reaction of digested organic substances became
because of the high economic returns and biogas by using mass balance equation is obtained
catastrophic environmental impact of production in as follows:
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a 1
I*(/‘*D)X M
dSi_ _ o)
o kX +D(s, - ) @
Q= ku )]

where X is concentration of the biomass in the
reactor (g/1). S is substrate concentration (g/1). S, is
the substrate concentration in the fluent. g is the
specific growth rate (d'). @ is biogas flow rate
(I/day) and k,,k, are anaerobic digestion constants in
the biogas process, D=0, S,,=0. Then, we will have
new algebraic equations as

ax 4
7dt7ﬂX *
as 5
R &)

We can be seen from equations (3), (4) and (5)
that the specific growth rate is key parameter for the
description  of  biomass  growth, substrate
consumption and production formation. The specific
growth rate of bacteria depends on the temperature,
pH, biogas flow rate and concentration of organic
substances then expressed by the multiplication of
individual terms, each of them refer to one of the
influencing factors:

w(t) = u(S JualQ Ju(T Ju(pi ) (©)

Meanwhile, the specific growth rate of bacteria
was related to concentration of organic substances
which are studied [8-9] as the following 3 equations

Monod model: H(S): M S ik (7
k.+8
Contois model: u(S)= M+ i (8)
k,X+8
Haldane model: ,(g)_ _ HewS JA )]
As) k +S+8%k, v

Whete fy, is maximum specific growth rate (d")
and K,k kk are constants, The influence of
temperature is often modeled by an Arrhenius type
law:

/L‘(T): a4y eXp(—El/RT )’ a, eXp(—E2/RT )’ a; (10)
Where T is the temperature (“c), ELE; are gas

energy (J/g.mole), R is the gas constant (J/g) and a,,
a,,a; are constants.

ISSN: 1792-507X

For biogas process, Rozzi proposes treating the
influence of pH by a parabolic law:

wlpH )=apH *+ bpH + ¢ (11

where g, b, ¢ are constants.

The relationship between the specific growth rate
of bacteria and the temperature could be presented
as

uo)teo ok 1)

whete &, k; are constant.

In these equations the only modeling assumption
is that the biomass growth term (1Y) and the
substrate consumption term (k,4X) are proportional
to the biomass concentration (X). This paper is add
Ik in equation (7), (8), (9) and (12) for dynamic
compensation of useful system identification.

3 Problem Solution
3.1 Experimental setup

Experimental setup is designs for data collection
of anacrobic digestion with shrimp culture pond
sediment in the batch process, as shown in Fig.1.
Where 1- Computer is to create a program
LabVIEW for the measurement and collected data of
temperature, pH and biogas flow rate. 2 — A digester
tank 1s 80 liter with shrimp culture pond sediment. 3
— Measuring system for biogas flow rate. The
experimental data were occurred in analog signal
and convert to digital signal via conversion unit with
model NI- USB6008.

Converter
Unit

Fig.1 Experimental setup

3.2 Parameter Identification via Artificial
Intelligence

The application of an appropriate identification

methodology via artificial intelligence technique can

be estimated the mathematical model of anaerobic
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digestion with shrimp culture pond sediment in the
biogas process, as shown Fig.2.

The investigation of the coefficients in the
mathematical models (3), (4), (5), (7), (10), (11) and
(12)1s a very complex problem because of restricted
information input temperature, pH, initial substrate
concentration (s,) and biogas flow rate (Q¢7)) can be
measured. Where J(¢) is the biogas flow rate from

the mathematical model of anaerobic digestion with
shrimp culture pond sediment in the biogas process.
Q(t) was compared to the biogas flow rate result
from the experiment setup. Their deviation value
could be obtained with sum square error (e)

(13)

The identical technique by Genetic Algorithm
(GA) is the one method to seek answers by natural
selection and GA. It will have the continually
improve to find answers from one generation to the
next generation like the evolution of living things
[13-14]. The components of the GA cycle are
populations, original species and new species. GA
will have continually improved from narrow local
solution to global solution. GA will finish when
ending condition is consistent. Generally, the
condition is amount of generations required or
acceptable deviation value is required to accept the
best chromosome in the group of populations.

8 l
Process

Model
GA Block ]4—

Fig.2 Identification method

3.3 Experimental and Identification Results

3.3.1 Experimental results

From the experiment setup, 80 liter shrimp culture
pond sediment was put into a tank and fermented the

ISSN: 1792-507X
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sediment by anaerobic digestion in batch reactor.
The transient response of biogas flow rate in biogas
process is shown in Fig.3. The collecting data of
accumulative sum of biogas production in 30 days is
13,255 ¢m® and average biogas production is 424.35
cm’/day. The reaction temperature varied with room
temperature which is shown in Fig.4. and pH profile
within 5.8-7.8 cach day as shown in Fig.5.
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Fig.3 The transient response of biogas flow rate
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There are three models that are available for
finding variables in identity specification of
anacrobic digestion with shrimp culture pond
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sediment in the biogas process. The mathematical
models depend on the change of bacteria which
affected by organic substances and could find that
Monod model has minimum error by initial
substance concentration (organic matter) which 73.5
¢/l. The biochemical properties of shrimp culture
pond sediment and chemical compositions of biogas
are shown in Table.1, 2.

Table 1
Biochemical Properties of Shrimp
Culture Pond Sediment

No Biochemical properties Before After
1 pH 77 75
2 Total Solids ,mg/1 139,859 15,978
3 Total Dissolved Solids, mg/l 24,500 9,700
4 Total Suspended Solids, mg/l 112,200 5,750
5 Total Volatile Solids, mg/1 22,653 2,450
6 Total Fixed Solids, mg/l 139,603 10,922
7 Biological Oxygen Demand 2,334 324
(BOD),mg/l
8 Chemical Oxygen Demand 7,840 1,197
(COD),mg/l
9 Total Nitrogen, mg/l 4,300 5,000
10 Total Phosphorus, mg/l 6.24 136.95
11 Total Potassium, mg/l 816.5 662.5
12 Organic Carbon, g/l 2.7 473
13 Organic Matter, g/l 735 81.3

Table 2
Chemical Compositions of Biogas
Biogas compositions | Analyzer %
Methane ,CH, 4434
Carbon dioxide, CO, 491
Nitrogen, N2 17.23
Hydrogen, H, Non detected
Hydrogen sulfide, H;S | Non detected

3.3.2 Identification results

The identical specification of the variable via
equation (7) to estimate variables, we use specific
growth rate of bacteria depend on the temperature,
pH, biogas flow rate data, E,=16000 J/g.mole,
E5=34500 J/g.mole and R=1.987 l/g [2].

The GA program is estimated variables with 100
population numbers and 100,000 GA cycles. The
estimation-1 is model with dynamic compensation
(kks) and estimation -2 is model without dynamic
compensation (k,ks). The error of estimation-1 is
0.7239 and estimation-2 is 1.8596. The comparison
between the responses of the mathematical model
and the experimental data of biogas flow rate are
shown in figure 6 and Table 3.
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The identity specification of anaerobic digestion
with shrimp culture pond sediment, the variables can
be used to estimate mathematical models.
models should be tested with many cycles in
to gain the accurate variable. The variable that
biogas flow rate should be controlled as well.

The
order
affect

©-- Expefment
132 - £~ Estimation-1
N !
of o Estimation-2
il J
°pg
< 08t08 g
g i [}
EEN -
G 061¢ 09g! E 4
o
{ b B0 2o, 0o 2
nap oen”_nofe 2 ]
; O BT negd o con @ FeUBER
i o Egﬁgwo g e
02 3/ b %o
06 i} % )
I L o L L
5 10 15 0 2 30 35
time, (day)

Fig. 6 The responses of biogas flow rate of
experimental and estimation data

Table 3
Parameter Identification for Biogas Process

Parameters | Estimated | Estimated
Value-T Value-IT
0.119 2714
Ky
3.614 0477
kl
1.69 0.1
/llmZX
1.1087 20
kS
2 -1.6654
a 24x10" | 192x10"
1
a -1.02%107 | 8.16x107
2
a 0111 +0.0555
3
a -5.601 -0.8257
b 76.108 11.347
c -254.03 -38.4
9.99 1
g
17.084
ky

4 Conclusion

The biochemical properties of shrimp culture

pond sediment after biogas process were reducing
BOD and COD which effected to soil pollution. This
research presents the structure of the mathematical
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model and parameter identification technique that is
used to estimate dynamical model of anaerobic
digestion with shrimp culture pond sediment in the
biogas production process. The dynamical response
of the mathematical model compared to the
experimental data by Genetic Algorithm method. As
the results of the study, the variable from identity
specification can be used to estimate biogas flow
rate and applied to design experimental equipments
for batch reaction of biogas production from shrimp
culture pond which is appropriate to requirement
and usability.
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