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At present, it is difficult and costly to measure directly greenhouse gas (GHG) emissions from the
wastewater treatment system. Application of model will reduce measurement cost and quickly
obtain the forecast data set of GHG emissions. This study developed a mathematical model for
both steady and dynamic states to calculate GHG (CO,, CHy, and N,O) emissions from wastewater
treatment systems for industrial paper processing. These models are constructed based on mass
balance equations of species, including substrate balance equations, biomass balance equations for
reactors of treatment systems, stoichiometric coefficiences of species in biochemical reactions and
biological processes. The obtained equations were solved based on algorithm of Runge-Kutta and
the model was programmed by MATLAB. Results of applying the model to calculate GHG
emissions from the paper industrial wastewater treatment system at Bai Bang and Tan Mai plants
are as follows: total GHG emissions and emission factor are 3,070.3 kgCO,-eq/day, 0.38 kgCO,-
eq/m’, respectively for Bai Bang plant (8,000 m’/day) and 7,413.6 kgCO,-eq/day, 0.74 kgCO,-
eq/m’, respectively for Tan Mai plant (10,000 m’/day). The research evaluated a number of
influencing factors, such as temperature, flow rate of influent, and substrate concentrations, to
GHG emissions at the Tan Mai paper plant.

Hién nay, viéc do dac truc tié’p phat thai khi nha kinh (KNK) tir hé th(fng xu Iy nudc thai con kho
khén va tén kém. Viéc ap dung mo hinh sé giam dwoc chi phi do dac va nhanh chong cé duoc bo
s6 liéu duw bdo mot cach tiwong doi vé phat thai KNK. Nghién cieu dd thiét lap dwoc mé hinh todn ¢
trang thdi 6n dinh va trang thai khéng on dinh d@é tinh toan phdt thai khi nha kinh (CO,, CH,
N>O) tir hé thong xir Iy muede thai san xudt gidy. Cdc mé hinh nay dwa trén cac phwong trinh cin
bang chdt ciia cdc cd’u‘ tir bao gom cdc phwong trinh cdn bang co chdt, cdc phirong trinh cdn bang
sinh khoi trong cdc bé phdn imng va cdc hé s6 ty lwong ciia cdc chdt tham gia cdc phan img sinh
héa. Céac phwong trinh dwoc gidi bang thudt todn Runge-Kutta va mé hinh dwoc lp trinh trén
ngon ngit MATLAB. M6 hinh dwoc dp dung tinh todn phat thdi khi nha kinh tir hé thong xir Iy nuée
thdi tai nha may gidy Bai Bdng va nha may giay Tan Mai, dwoc két qud nhw sau: téng phat thai
khz nha kinh (KNK) va hé so phat thai la 3.070,3 kg CO,.s/ngay, 0,38 kg COs/m’ taz Nha may
gidy Bdi Bang (8.000 m’/ngay) va 7.413,6 kg CO,. ,d/ngay, 0,74 kg CO.. &/m° nha may gidy Tan Mai
(10.000 m’/ngay). Nghten cieu da danh gid dwoc mét sé cdc yéu té anh hwong nhu nhiét do, luu
lwong nuedc thai va nong dg co chat dong vao dén sw phat thai KNK tai nha mdy gidy Tan Mai.
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1. Introduction

Climate change robustly affects the earth environment
and human's life. Climate change causes many problems,
such as: exhausted natural resources, harsh climate,
abnormal weather, gradually increasing warm earth,
gradually destroyed ecosystem. The main cause makes the
earth climate change is that increase greenhouse gases
(GHGQG) emissions.

The pulp and paper industry is one of the industries
demanding great amount of freshwater and generating
consequently huge volume of wastewater [1,8]. The
amount of GHG emissions in wastewater treatment
depends on the amount of waste water and corresponding
chemical oxygen demand (COD) content. Paper and pulp
production generates large amounts of wastewater
containing high organic content with COD up to 2.94
kg/m® [10]. The wastewater treatment systems of the
paper and pulp industry is also one of the significant
sources of GHG emissions in the waste treatment block
including indirect emissions from electricity generation
for use in the treatment process, production and
transportation of fuels and materials, burying of activated
sludge generated during the process and directly
emissions from the treatment process, such as aerobic
treatment tank, anaerobic treatment tank [1,5,10].

Reduction of GHG emissions plays an important role in
responding to climate change. A mathematical model for
the estimation of GHG emissions will help to reduce the
cost of measurement and quickly obtain a set of GHG
emission forecast data. It is also a useful tool to estimate
the sustainability of a wastewater treatment system
[1,2,3,5]. Therefore, the establishment of a realiable

model for calculating GHG emissions from wastewater
treatment system is necessary.

This study developed a mathematical model for both
steady and dynamic states to calculate GHG (CO,, CHy,
and N,O) emissions from pulp and paper industrial
wastewater treatment systems. These models are
constructed using mass balance equations of species,
including substrate balance equations, biomass balance
equations  for reactors of treatment systems,
stoichiometric coefficients of species in biochemical
reactions and biological processes [4,7,8]. The obtained
equations were solved by applying algorithm of Runge -
Kutta and coded in MATLAB.

2. Material and methods

2.1. Research subject

Bai Bang paper plant with capacity of 8,000 m’/d uses
anaerobic biological treatment technology and anaerobic
sludge digestion to treat wastewater. Tan Mai paper plant
with capacity of 10,000 m’/d uses anaerobic-aerobic
biological treatment technology and anaerobic sludge
digestion to treat wastewater.

2.2. Establishing model for calculating GHG
emissions from paper and pulp wastewater
treatment systems

The model for calculating GHG emissions established for
waste paper and pulp wastewater treatment systems is
shown in Figure 1.
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Figure 1. Flow diagram of the pulp and paper wastewater treatment systems

The symbols in the calculation formulas of the model are shown in Table 1.

Table 1. Symbols used in the calculation

Symbol Definition Unit
BOD and SS Biochemical oxygen demand and suspendid solid g/d
BODyip1, SSxp The amount of BOD and SS is reduced in the primary clarifier
COy¢q Equivalent carbon dioxide -
f4 Fraction of biomass as a cell debris (kg
VSS/kg
VSS)
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2.2.1. Establishing model for the steady state

a. Calculating in the anaerobic treatment system
The removal of BOD, SS in the primary clarifier can be

Percentage of BOD and SS are removal in primary clarifier

Hydraulic retention time of the anaerobic and aerobic system

Maximum specific substrate consumption factor for anaerobic, aerobic microorganisms
Endogenous decay constant for anaerobic and aerobic microorganisms

Half saturation constant for substrates in anaerobic and aerobic bioreactor

Flow rate of waste sludge from secondary clarifier, anaerobic and aerobic bioreactor
Flow rate of influent into the wastewater treatment system, anaerobic and aerobic
bioreactor

Flow rate of recycle sludge

Flow rate of effluent

Rate of substrate change due to utilization and rate of biomass production rate

Effluent BOD concentration

BOD concentration in the anaerobic and aerobic bioreactor

BOD concentration into the anaerobic and aerobic bioreactor

Solid retention time for the anaerobic and aerobic bioreactor

Suspended solid

Biomass concentration in the anaerobic and aerobic bioreactor

Sludge concentration from primary clarifier

Effluent biomass concentration

Influent biomass concentration, Biomass concentration into the anaerobic and aerobic
bioreactor

Concentration of non-biodegradable solid

Concentration of recycle sludge

Yield coefficient of anaerobic and aerobic heterotrophic micro-organisms

could be calculated:
pan Q?n XYan(Sian_San)
SS, bio™ 1+kansRTan

calculated as follows:

The formula for the anaerobic digestion is as follows:

%
hour
d—l
d—l
mg/1
m’/d
m’/d

m’/d
mgl/l
s
mg/1
mg/1
mg/1
day
mg/1
mg/1
mg/1
mg/1
mg/1

mg/1
mg/1
gVSS/gBOD

The total mass of solid from the anaerobic bioreactor

2.12

The oxygen consumption which represents the oxidized
BODy5=Hgopxi1 X Qin X Sin 2.1 amount of BOD can be calculated by the following
SSxp=Hssxipt X Qine X Xing 2.2 procedure:

Oxygen consumption (BOD) = BOD removed from

andS*™™_ tan can _ (ya ga | an gan y 4 pan yan 5 wastewater — BOD in waste sludge
Vitg T WS QST QS ) sy 2 BODE= QIS — S™) - 1.42 Pl 2.13
V““ = Q"X — (QF.X{ + Qar.xam) + rg.v*® 2.4

an _ _kAxansan The amount of decayed biomass:
W S e 2 s = 0,8.Q", SRTan, [LEYTX(T ST 2.14
I‘%n _ de. rgn_ kanan 26 decay 1+k3n><SRTan :
.. odsan daxan . The amount of CO, and CH4 production by anaerobic

In the steady-state condition, —= 0; — = 0 and usin 2 4P y
fn els cady-sia de dt Hsing bioreactor could be obtained as follows:
ormula: h

L ymansn o . CO3"= Y&3,XBODI + Y(o, decayXVSSdecay 215
SRTan Ka“+Sa“ d ' CHE" = Y1, ¥BOD{g + Y&H, decayXVSSdecay ~ 2:16
HRT* = 2.8

an
Q1

The substrate and biomass concentrations inside the

anaerobic bioreactor were obtained as: an
K2 (1+k3"xSRTaM) CHyleak

S an:

The total amount of GHG by anaerobic bioreactor can be

calculated as follows:

2.9

SRTaNx(yankan—kjm)—1

X — (SRTan) [Ya“x(s?“—san)] 210 b. Calculating in the aerobic treatment system:
HRTan 1+k3"xSRTan ’ The substrate and biomass concentration
aerobic bioreactor were obtained as:
S in the above formula was calculated using the BOD _ KsX(1+kgXSRT) _ (m) [Y><(S )]
removal by the primary clarifier: SRTX(Yxk-kg)-1 HRT’ " "1+kgxSRT
an _ BODx,bl
S = Suur Qinf 21 Total suspended solids in the system:

X1ss= X+Xnb
Xop = faxkgxXxSRT +
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_ bpCOD
an,input_ VSS x (1 - pCOD ) 2.21
Total solid is generated during reaction:
Pss bio= gppa XkaX X XV+—C" 2.22

The amount of oxygen is consumed in the aerobic
bioreactor:

BODDX = Q? (S? - S) - I'oxy,dec:aly~(PSS'Q?~)(nb,input) 223
The amount of carbon dioxide due to BOD removal can
be obtained:

COZ,BODOX: YCOZ ><IBODOX 2.24
The amount of decayed biomass:

VSSgecay= 0,85x Vxkgx X 2.25
The amount of CO, emission from biomass decay:
COZ,phVSS: YCOZ_decay>< VSS decay 2.26
BODDx,decay: I'oxy,decay~\fs Sdecay 2.27

The total amount of needed oxygen is equal to the amount
of oxygen consumed for BOD oxidation and endogenous
degradation:

BODDx,total: BODOX + BODox,decay 228
The total amount of CO, by aerobic bioreactor can be
calculated as follow:

COZ, aerobic tank — COZ,BODOX + COZ,phVSS 2.29

c. Calculating in the anaerobic digester:

The total sludge that enters the anaerobic digester is
estimated from the sources identified in Figure 1 as
follows:

h
Psps = Sle,bl-i- PSS + PSaSr}biO 230
Total mass production in the anaerobic digester can be
calculated as follows:

ph  _ pph ph
Pssbio~ Pss,gop + Pss e 231
h h
Y -
SS,BOD 1+kBPxSRTPD '
ph h qPh h
h h h xYPR(ST " —SP
PR = (PP SRTPhx B2 O 2570 33

14kPPxSRTPD

Therefore, total CO, and CHy4 production by anaerobic
digester could be obtained as follows:

ph_ ,ph ph ph

Co, = Yc02><BODX1,p}l + YCOZ,decayXVSSdecay 2.34
ph_ y,;ph ph ph

CH, —YCH4><BODX1,p}l + YCH4,decayXVSSdecay 2.35

2.2.2 Establishing model for the dynamic condition

In the dynamic condition, the amount of accumulation
ds dx dsan dxan. |
o 3 and ——,—5— is not equa
to zero. With the assuming that X{"= 0, X{' and X, = 0, we

changes over time, that is

dsan gan sa kanyangan
have: e 2.36
dt  HRT HRT K3n4s
anl‘l _ Q%anevn [Yankansan an] X'dl'l 2 37
dt yan Kanygan ~ d :
ds _ s? S kXS 238
dt HRT HRT Kg+S ’
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dX _ QuwXw YKS

. + (
dt \'% Ks+S

~ka)X 2.39

The present study used the Runge-Kutta fourth order
method to solve Equations 2.36 to 2.37 using MATLAB.
Applying the RungeKutta method solves the mass balance
equations in the state condition, which could determine
the values of S™, X™, S, and X at each point in the survey
range, using the equations of the emission computation in
the stable steady model to calculate the amount of the
GHG emission at that time.

2.3 Input parameters for the model

Numerical model in steady state was tested by using
measured data of pulp and paper wastewater treatment
plant in Montreal, Quebec, Canada. Results of numerical
simulation of model were compared with data from the
published research [1] as shown in figure 2.

2413
25526

Total CH, disolve,leak (kgCH,/d) ) 20.98

Total GHG emissions (kgCO;../d)

Total CHyrecover (kgCH,,/d)

CO; from sludge degister (kgCO,/d)

CH,from sludge degister (kgCH4,/d) B Reseached value

CO; from aerotank (kgCO,/d) _ 68.3 B Model value
!
2

CH, from anaerotank (kgCH4/d) - 270.96

CO; from anaerotank (kgCO,/d)

) 500 1000 1500 2000 2500 3000

Figure 2. Result of testing the model

The model has a margin of error of less than 11%
compared to researched value [1] showing that the
implementation of mathematical operations along with
numerical codes programmed can yield results relatively
close to the researched values. Therefore, the model can
be used to assess relative GHG emissions from paper and
pulp wastewater treatment plants.

Table 2. Process parameters of wastewater treatment
systems at Bai Bang and Tan Mai paper plants

Category Parameter Unit Bai Tan Mai
Bang paper
paper plant
plant

Flow rate m’/d 8.000 10.000

BOD g/m’ 650 1.837

TSS g/m’ 400 3.022
Primary BOD % 30 65
clarifier removal

efficiency

SS  removal % 65 75

efficiency

Anaerobic HRT hour 8 7.24

bioreactor SRT day 20 30

Aerobic HRT hour - 5

bioreactor SRT day - 10

Anaerobic Temperature °C 30 30

digester HRT day 5 5

SRT day 30 30
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Table 3. Kinetic parameters

Parameter Bai Bang paper Tan Mai paper
plant plant

fy 0.1 -

k 2 -

kq 0.2 -

K, 60 -

Y 0.6 -

k™ 3.15 3.5

kg™ 0.029 0.03

K™ 460 379.473

Y*" 0.08 0.08

The wastewater treatment system of Bai Bang paper plant
uses anaerobic biological treatment technology including
some tanks: primary sedimentation, UASB, secondary
sedimentation, and anaerobic digestion. The wastewater
treatment system of Tan Mai paper plant uses anaerobic
biodegradation technology combined with activated
sludge technology including some tanks: agglutina,
primary sedimentation, UASB, aerotank, secondary
sedimentationand anaerobic digestion. Data on influent
and Kinetic parameters of two plants for the model are
shown in Table 2 and 3.

The kinetic parameters were selected from calculations in
research of aerobic aeration tank and UASB reactor, and
then these parameters were calibrated according to the
BOD effluent of model and BOD effluent of measurement
of Bai Bang and Tan Mai wastewater treatment systems
with absolutely error of 4.68% and 11.11%, respectively.

3. Results and discussion

3.1 Results in steady state

Results of calculating GHG emissions from Bai Bang and
Tan Mai pulp and paper wastewater treatment plants are
shown in Figure 3 and Table 4.

2500

2000 -

1500 -

M Tan Mai Plant
1000 -

M Bai Bang Plant

GHG (kgCO2-td/d)

500

GHG anerobic
tank

GHG anerobic
tank

GHG aerobic
tank

Figure 3. The GHG emissions at Bai Bang and Tan
Mai paper plants

Table 4. GHG emissions rate at Bai Bang and Tan Mai

paper plants
WWTP Total GHG Emission rate
(kgCOy/d) (kgC O,y /m*)
Tan Mai 7,413.6 0.74
Bai Bang 3,070.3 0.38
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The GHG emissions depend not only on the capacity of
the treatment plant, but also on the applied treatment
technology, and the concentration of organic inputs. With
the combined technology of aerobic and aerobic
treatment, the GHG emission from Tan Mai paper is 0.74
kgCO2eq/m’ influent, nearly two times higher than that
from Bai Bang plant.

8000

7000

6000

5000

M CO2 degister

=
= 4000
a

- B
3000 CH4 degister

2000

1000 -

Tan Mai Plant Bai Bang Plant

Figure 4. The GHG emissions from degisters in Bai
Bang and Tan Mai paper plant

The amount of GHG emission from the sludge degister at
Tan Mai paper plant is nearly 10 times higher than the
GHG emission from the Bai Bang paper plant. The solid
content in the input wastewater of the Tan Mai paper
plant is much higher than that of the Bai Bang paper plant
(3,022mg/1 compared to 400mg/1).

3.3. Some factors affecting the greenhouse
gas emissions

The assessment some of factors affecting GHG emissions
was made at the Tan Mai plant. Results are as follows:

a. According to solid retention time (SRT) in the
anaerobic bioreactor:

Considering the change in GHG emissions by SRT varies
from 20 to 35 days in anaerobic bioreactor, the results are
shown in Figure 5.

20 25 30 35

The solid retention time in the anaerobic bioreactor (day)

6600 80
g —_ 78.81
2 6400 7591 65018
S 63934 75
g _ b0 11
=) ..
© \g 6000 GHG emission from 70
g é‘ anaerobic tank
E Q5800 5857.3 (kgCO2q/d)
_S < _._Removal efficiency - 65
7] 5600 in anaerobic tank
= (%)
et 5400 60
2
G}

in wastewater
efficiency in

Figure 5. Total GHG emissions
treatment system and treatment
anaerobic tank

Increasing SRT results in a gradual increasing efficiency
of the process, but also increasing GHG emissions.
Initially, SRT increased from 20 to 23 days, GHG
emissions from anaerobic tanks increased by 317,1 kg
CO,eq/d; SRT increased from 29 to 32 days, GHG
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emissions from anaerobic tanks slowly increased by 134,9
kg COseq/d. Therefore, to ensure both treatment
efficiency and reduction of GHG emission, the optimal
SRT of 30 days was chosen.

b. According to solid retention time (SRT) in the aerobic
bioreactor:

Considering the change in GHG emissions by SRT varies
from 4 to 14 days in aerobic bioreactor, the results are
shown Figure 6.

1400 1236 | 99

1179.1

® B ~
g 8 8

g

—¢—  GHG emission from
aerobic tank (kgCO2eq/d)
—@— Removal efficiency in 79
aerobic tank (%)

(keCO2q/d)
g &

o

74
4 6 8 10 12 14

The solid retention time in the aerobic tank (day)

GHG emission from aerobic tank

Figure 6. Total GHG emissions in wastewater
treatment system and treatment efficiency in aerobic
tank

The amount of GHG emissions in the aerobic treatment
tank increases as the solid retention time in the aerobic
tank increases and vice versa. As SRT changed from 4 to
14 days, the GHG emissions from aerobic tanks increased
from 675.28 to 1,236 kgCO,eq/d, and the processing
efficiency increased by 12.21%. As the SRT is higher, the
GHG emissions increase more slowly, the efficiency
increases slowly, combined with the chart shows that the
value of SRT = 10 days is the optimal value to ensure the
efficiency of wastewater treatment and reduction GHG
emissions.

c. According to the temperature in the anaerobic
bioreactor:

Considering the change in GHG emissions by temperature
varies from 28 to 40°C in anaerobic bioreactor, the results
are shown Figure 7.

— CO; production o
steady T 24m
Temperaturs

=
'gmo

35000 300
29386 29814 30020 30121 30170
30000 : : ; 250
w2 25306 [ 00 GHG emission from
25000 i — anaerobic tank
7909 200 (kegCOseq/d)
20000 ’ Total GHG emission
150 from the whole system
15000 kgCOzeq/d
8478 9252 9.3 98.16 100 (kgCO2q _)
10000 =¥= Removal efficiency (%)

687 765081 7968 8128
5654’8 7002,
5000

ol . b

28 31 34 37 40
Temperature (°C)

X The amount of
* generated slude from
anaerobic tank (kg/d)

Figure 7. Effect of temperature on GHG emissions

As temperatures increased from 28°C to 40 °C, GHG
emissions of the whole system increased negligibly from
29,386 to 30,107 kgCO,eq /d, but the treatment efficiency
increased robustly from 68.7 to 98.16%. As the
temperature of the anaerobic treatment tank increased,
processing efficiency increased with more sludge
generated resulting in increased GHG emissions of the
whole system.

At temperatures higher than 34°C, the amount of biogas
and the treatment efficiency increase negligibly, so the
temperature range of 31-34°C is the best for both
anaerobic wastewater treatment and biogas recovery
process.

3.4. Investigating the greenhouse gas
emissions in dynamic condition

Firstly, the model will be run with the stable input
parameters for the system until it reaches the equilibrium
state. Initial conditions of the system are given in Tables 2
and 3. The BOD contents of the anaerobic and aerobic
tank at the time of initiation were assumed to be S,, = 160
mg/l and S=30 mg/I.

* The results of the model prediction of the effects of
temperature, flow rate and loading of influent organic
matter on the GHG emissions from wastewater treatment
systems are shown in Figures § to 13.

* The effect of temperature changes on GHG emissions

vv_rCO:zm” g
o S — 4 =

Temperature (°C)

i

CO2 production from anaerobic t:

i i i

GHG production (kg/d)

T T T T R T
Time (day)

Figure 8. CO; variability in aerobic tanks

according to temperature

i i H
L 85 %0 9% 100

£

0 8 ] 9%

CO; production from aerobic tank (kgCO2/d)

according to time

The predicted results showed that the temperature has a
significant effect on GHG emissions from wastewater
treatment in aerobic bioreactors. When the temperature
increases, GHG emissions also increase and vice versa. At
the same time as the temperature rises, the BOD treatment

Time (day) N
Figure 9. CO, variability in anaerobic tanks

i i i j
100 105 110 115 120

T‘:me (d:v) - b ; 1
Figure 10. CO, and CH, variability in
anaerobic digester according to time

efficiency in the aerobic system increases, CO, emissions
increase. Within the surveyed temperature range, the
model also showed a large difference between the highest
and the lowest GHG emission yield of 1,317.2 kgCO,/d at
27.9°C and of 1,021.7 kgCO,/d at 18.1°C.
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The amount of GHG generated by the sludge treatment is
relatively balanced at 3,600 kgCH,/d and 6,600 kg CO,/d
when the temperature is 18.1°C and 27.9°C, respectively.

* The effect of influent BOD concentration ¢
|- 7 - o x ]

hanges on greenhouse gas emissions
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Figure 11. CO; variability in anaerobic tanks
according to influent flow rate

GHG emissions in the treatment tanks tend to increase as
the input flow of the treatment system increases and vice
versa. Flow rate fluctuated from 9,300 m*d to 10,600
m’/d, the amount of GHG increased from 986,6 kgCO,/d
to 1,245.6 kgCO,/d in aerobic tanks and from 1,881.5
kgCOy/d to 2,222.7 kg CO,/d in anaerobic tank.
Increasing the flow will be detrimental to controlling the
GHG emissions. The large flow output discharge will
increase the GHG output generated during the day and
reduce efficiency of the waste treatment.

The influent BOD concentration is a factor influencing on
microbial growth. Therefore, BOD affect treatment
efficicency. When the influent substrate concentrations
varied from 1,600 mg/1 to 2,000 mg/l, the amount of GHG
increased from 984.4 kgCO,/d to 1,213.2 kgCO,/d in
aerobic tank, and 882.5 to 1,292 kgCH,/d in the anaerobic
tank, respectively.

4. Conclusion

This study established a model based on mass balance
equations of species including substrate balance
equations, biomass balance equations for reactors of
treatment systems, stoichiometric coefficiences of species
in biochemical reactions and biological processes. The
model is programmed by MATLAB.

The steady-state model using the data set from Tan Mai
pulp and paper wastewater treatment plant with flow rate
of 10,000 m3/day showed that the calculated total on-site
GHG emissions from the wastewater treatment process is
significantly high (0.74 kgCO,eq/m®). This value was
twice as much as the value in Bai Bang plant (0.38
kgCO,eq/m’) due to different flow rates and wastewater
components between these two plants.

Based on the evaluation of operational factors in the Tan
Mai wastewater treatment system, it showed that the
optimum SRT in the anaerobic and aerobic treatment
tanks is 30 and 10 days, respectively; the optimum
temperature in the range of 31 - 34°C will help to reduce
GHG emission while still ensuring the efficiency of
treatment. Recovering and utilization of biogas will
reduce GHG emissions by about 4.5 times according to
CO, equivalent.

% w0 05

Time (day)
Figure 12. CO; variability in aerobic tanks
according to influent flow rate

10 115 120 126

100 105 110 115 120 125
Time (day)

Figure 13. GHG variability in anaerobic
digester according to influent flow rate

The dynamic model showed that the temperature of the
aerobic bioreactor, the flow rate of waste sludge, and the
influent concentration of organic matter are directly
proportional to the GHG emissions during the wastewater
treatment process. Therefore, it is necessary to check and
control these parameters in order to minimize GHG
emissions. Using the model in calculating GHG emissions
is recommended to reduce measurement cost and quickly
obtain the forecast data set of GHG emissions.
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