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Moving bed biofilm reactor; Among the municipal and industrial wastewater treatment processes, the moving bed biofilm
Activated sludge; reactor (MBBR) technology has attracted much attention due to its ability to remove organic
Municipal wastewater matter, nutrients, and some resistant compounds. In this study, technical performance and
treatment plant; economic evaluation of a municipal wastewater treatment plant in Tehran, Iran, with the extended
Simulation. aeration activated sludge (EAAS) technology and its comparison with the MBBR technology were

evaluated by process simulation using CapdetWorks software. The simulation results showed that
the characteristics of the effluents from the wastewater treatment plant are in accordance with the
FAO and Iranian Environmental Organization standards for green space irrigation. Also, economic
analyses indicated that the total project cost of a wastewater treatment plant utilizing MBBR
technology is approximately 14% less than that of EAAS technology, which could be due to the
significant reduction in the volume of the moving bed biofilm reactor (649.2 m*) compared to the
EAAS reactor (4148.1 m?®). The results also indicated that the operating, maintenance, and
chemical costs required in the MBBR method are 9.2, 16.4, and 18.3% lower, respectively,
compared to the EAAS technology, whereas the amount of energy consumed in both technologies
is almost the same. The effect of the media fill fraction (biofilm carrier) on the total project cost
in the MBBR technology was also investigated. The results revealed that by increasing the media
fill fraction from 30% to 70%, the total project cost decreases from $9.37 to $9.16 million,
highlighting the significant role of the media fill fraction in the economic costs and performance
of biofilm reactors.

Extended Abstract

1. Introduction

worldwide [1]. The activated sludge process is one of the most common biological processes for wastewater treatment
due to the possibility of controlling parameters and designing the process on an industrial scale. Moving bed biofilm
reactor (MBBR) technology effectively improves the performance of wastewater treatment processes based on activated sludge.
In MBBR technology, due to the higher accumulation of microorganisms in the bioreactor, the volume of the reactor tank is

g I Yhe use of microorganisms for the treatment of municipal wastewater and industrial effluents has been widely considered
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smaller compared to the conventional method and it is also more resistant to pollutant and hydraulic shocks. These factors have
led to increased attention towards the use of MBBR technology for the treatment of municipal and industrial wastewater.

In this study, the performance and economic evaluation of a municipal wastewater treatment plant in Tehran, Iran, using
the EAAS method and its comparison with MBBR technology have been investigated. To this end, the wastewater treatment
plant was first simulated using CapdetWorks 4.0 software and its results were validated with the actual effluent data. After
ensuring the created model, replacing the bioreactor with a moving bed biofilm reactor (MBBR) was investigated in the
prepared model. Then, the plant performance and economic parameters including total project cost, operating cost,
maintenance, chemicals and energy consumption were compared with the EAAS process and the optimal technology was
introduced.

2, Methods
2-1 Case Study

A wastewater treatment plant in Tehran, Iran, with EAAS technology was selected as the basis for simulation. The
characteristics of the influent wastewater, including the mean influent flow, mean influent COD, mean influent BOD, total
suspended solid (TSS), and total organic carbon (TOC) values, were extracted from data published in other study and used for
the simulation of the wastewater treatment plant (Table 1) [2]. Other parameters, including soluble BOD, soluble COD, total
Kjeldahl nitrogen (TKN), soluble TKN, ammonia, total phosphorus, oil and grease, pH, and average winter and summer
temperatures were estimated by authors.

Table 1 The characteristics of influent wastewater

Parameter Value Unit
Mean influent flow 2400 (m’/d)
Minimum Flow 2000 (m?/d)
Maximum Flow 2800 (m?/d)
Mean Influent COD 312 (mg/L)
Soluble COD 202 (mg/L)
Mean Influent BOD 285 (mg/L)
Soluble BOD 114 (mg/L)
Total Suspended Solid (TSS) 515 (mg/L)
Total Organic Carbon (TOC) 135 (mg/L)
Total Kjeldahl Nitrogen 38 (mgN/L)
Soluble TKN 30 (mgN/L)
Ammonia 25 (mgN/L)
Total Phosphorous 10 (mgP/L)
pH 7.6 -

Oil and Grease 80 (mg/L)
Average Summer Temperature 25.5 °C
Average Winter Temperature 10 °C

2-2 Wastewater treatment process with EAAS method

Wastewater treatment using the EAAS method is one of the most efficient methods for removing organic pollutants. In this
method, wastewater with a low organic loading rate and a high hydraulic retention time (HRT~12-36 h) enters the wastewater
treatment plant, which leads to high pollutant removal and high process efficiency. In order to evaluate the performance and
estimate the costs of the industrial unit, the equipment used in the EAAS process was first modeled in CapdetWorks 4.0
software. The process flow diagram along with the equipment layout is shown in Figure 1. The design specifications of each
equipment are given in Table 2.
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Figure 1 Process flow diagram of the EAAS wastewater treatment plant
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Table 2 The characteristics of each equipment in EAAS process

Unit Process Design Criteria Value Unit
Manually Cleaned Screening Average Velocity 0.762 m/s
Mechanically Cleaned Screening Average Velocity 0.762 m/s
Oxygen Requirement 360.01 g/m3/d
Basin Type Concrete
Equalization Alpha Factor for Oxygen Transfer in 0.9
Wastewater
Beta Factor for Oxygen Transfer in
0.95
Wastewater
Surface Over Flow 40.74 m?/(m?.d)
Side Water Depth 2.74 m
Primary Clarifier Specific Gravity 1.05
Underflow Conc. 4.0 %
Weir Overflow Rate 186.3 m?/(m.d)
Design SRT 25 d
Max. Heterotrophic Specific Growth rate 1/d
. Heterotrophic Decay Rate 1/d
Extended Acration Tank Max. Autotrophic Specific Growth rate 1/d
Autotrophic Decay Rate 1/d
Biomass Yield 0.5
Surface Overflow Rate 20 m?/(m?.d)
Max. Solid Loading Rate 117.18 kg/(m2.d)
. Sidewater depth 2.74 m
Secondary Clarifier Specific Gravity 1.03
Underflow Conc. 1 %
Weir Overflow Rate 186.3 m?/(m?.d)
Detention Time 18 d
L. . Mixed Liquor Solid 12000 mg/L
Aerobic Digestion Digested Sludge Conc. 2.5 %
Temperature 23 °C
Cake Solid Content 19 %
Density of Cake 1200 kg/m?
Belt Filter Press Hydraulic Loading per Meter of Belt Press 38158 m/d
Width
Polymer Dose 1 %
Filtrate Solid Conc. 100 mg/L
Contact Time at Peak Flow 30 min
Chlorination Chlorine Dose 10 mg/L
Influent Coliform Count 107 /100mL

2-3 Wwastewater treatment process with MBBR technology

In order to investigate the possibility of replacing the bioreactor of wastewater plant with a moving bed film reactor
(MBBR), the layout of all equipment was kept as before and only the replacement of the bioreactor was applied in the process.
Figure 2 shows the process flow diagram in the proposed model of the treatment plant. The technical specifications of the
moving bed film bioreactor are given in Table 3.

[Influent Wastewater | [Preliminary Treatment(1)

[Intermediate Process Pumping|  Preliminary Treatment |

—{Aerobic Digestion { Bek-Fiter Press | -{Hauling and Land Fillng | { Chlorination |- ! [Effluent

Equalization

Figure 2 Process flow diagram of the MBBR wastewater treatment plant
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Table 3 Characteristics of moving bed biofilm reactor

Parameter Value Unit
Surface area of media 300 m?%/m?
Biofilm thickness 0.25 mm
Media fill fraction 0.3-0.7

Use media 500 m?/m?
Maximum heterotrophic Specific growth rate 6.0 1/d
Heterotrophic decay rate 0.24 1/d
Maximum Autotrophic Specific growth rate 0.5 1/d
Autotrophic decay rate 0.04 1/d
Alpha factor for oxygen transfer in wastewater 0.5

Beta factor for oxygen transfer in wastewater 0.95

Coarse bubble minimum air flow 0.33 L/s/m3

3. Results and discussion

The total project cost of the wastewater treatment plant using the EAAS and MBBR technologies is shown in Figure 3. As
can be seen, the total project cost of MBBR technology (carrier filling fraction 0.5) is about $9,210,000 which is almost 14%
less than EAAS technology (total project cost $10,700,000). This can be due to the significant reduction in the volume of the
moving bed biofilm reactor (21,649 m3) compared to the extended aeration activated sludge reactor with volume of 1,4148
m3. Also, according to the t-test statistical analysis, the observed difference in total project costs is statistically significant
(Pvalue <0.05).

1.3x107

1.0x 107

7.5x10°

5.0x10°

Total Project costs ($)

2.5x10°

EAAS MBBR

Figure 3 Total project costs for wastewater treatment plant with EAAS and MBBR technologies, * indicates Pvalue
<0.05

4. Conclusion

In this study, the economic and technical performance of a wastewater treatment plant using the EAAS technology and its
replacement with the moving bed biofilm reactor (MBBR) technology has been evaluated. The simulation results showed that
the characteristics of the effluents from both technologies are in accordance with the FAO standard for green space irrigation.
Economic evaluations revealed that the total project cost of the MBBR technology is about 14% less than the EAAS technology.
The results also showed that the operating, maintenance, and the chemicals costs required in the MBBR technology are 9.2,
16.4 and 18.3% lower compared to the EAAS method, respectively, but the amount of energy consumed in both technologies
is almost the same. The results obtained from this study can help the engineers for decision-making to select the optimal
technology for urban wastewater treatment.

Journal of Industrial Innovation 2(3) (2024) 212 — 224



YYF G YIY Oloiio AFoF Jlo ¥ 0los ¥ 098 o sixive sbocs 91 o5

N o s y9lg
FoAY-YAN L
1ra-

Jld oy gy 4 ML Al wiulyd golaiBl (b3l 9 0 Shos o
S o it oolad g 59551y (65999 b ] A lilo g 00y 23192 b

(MBBR)

260 ¥y dezme ¢ Slendes i

Ol «STEAYFAATANDF iy oS STl o821 ¢ cwidign 5 (23 00SENS ¢ souds  swrckideo 03,5~
Ol STATFAAYANOF iy oS oS olils ¢ pwiigo 3 55 00SElS e(555llie 5 Slgn csiiig 03,5 =

RV

CehlB b (MBBR) S sy colidsm 55551, (6305555 ( Sxio 5 st slocoly i sloasl b (s 50
il g3 el 03,5 Ll 093 4 ]) g3k 4z g5 B polie LS ) (B g e Slge (Tl Slge S50 i
b Jbs o g, & YE o md oo b olhtd o DLl albaias j Sy golamil 5 i o Slos asllins
Sdle s 5l eolaul b ald g5ludcds lawss MBBR (5550685 b o] awslie 5 (EAAS) o028 aolse
e ol Slasin a5 ol ol gilead mls el a8 3 18 JLj)l 5 50 CapdetWorks
o 618 Tl 5 ol 45 53l g ol g me lasls 5 FAO oslid ; obate alaias
MBBR (¢55)5:S5 5 ooliiasl i ilapins cilo aigze JS a5 ols oLt gobazdl closlbe eizan ol g
ookidsns 9551w alamMe b5 2als s 4 ilgs el sl 45 sl oo BAAS (555555 5| 2aS 1V sga
2l eizmen w3l (FYFAN M) 03, aolsn b Jlad o) 45T, b aylin o (FFATY M) S ot iy
Sy b alie ;o MBBR (b9, ;0 53 990 (aleard Slge 9 5l g yeond o Sllos loasyze wls ola
56 eizman il o il Lyl b e (65,0 e 45 I, j2aS 0o s VAIY  VEIE Y (o 5 4 EAAS
@l 285 )13 (owy» 0590 MBBR (639985 ;0 o9 clo JS 432 (59, 2 (eldgnr Jul>) oS o8
Gl N gkes ANVE 4 ANV jlosep anse JS AV 4 U¥e jleansS S e G2l b ol oles

s ok gla,gST, 0 Shae 5 cobadl glodiyjo 45 00iiS yy o 6V Copanl 51 i 4 el oo

Gols B3l
i (oS g 335
£ yxio

Jled o

Ml il ansmiay
eI

- 3wy

VP FNYNY redl o & ,b
VEoF (0¥ /eY 16,5550 )6

VFoF [o¥ 1oV b pdy Gl

PRI

sy ) oK iaie oleie 3wl (b 5 laially S8 SISl s ) JUsb ol walp V] el i 15
‘Sﬂ Slge yo g Se ol (Jlad = Lng&iT)_é dod Coly (0 el ol alil oo olag atal 6l Sojelen sl
sob A 05 ol 20lse il o ail o Yoaj.'; FSid g (Gl by 40 04290 oasY1 SlaS 5) euisS opdeilie
=554 STy 5l (2o Dbz 4 e S oo ol 8 ) LaeelS )15 e 5L5 0590 ST So5glgm 98T, j0 atug
g lax oadiabal Cluy 51 Jbd o (sloosss B 0gd so ools ol piids ojlat ccwl Jad od g ool asal Ol

! Activated Sludge Process (ASP)
2 Biomass

¢ Jgbs 00 b

m-soleymani-chem@araku.ac.ir, m-velashjerdi@araku.ac.ir :sg xS Cong (yw,0]



mailto:m-soleymani-chem@araku.ac.ir,

Y\ &Y g dozo ( Flowdw o

ol o Sugler HiST) (il (350 s Jolaite OB ol Lo o o 4 Dlga (5 m0 S ol Jlab 2wl S
Syt ol e (CASY) e Jlab ol il 53 IY] il e ) sl i 3 s Y 0l i L
(39 i 9351, )0 Clay Gl o8Il i ol (gob; Dol ogd oo (B (b b )9S5 G 3l dig
slosalp aler 51 ool 00 ol 93515 penye Jlab ) 2,8 5 Shae i) pgliiass 555 35 5 (Slokae Ll
wargsl 5351, (BAAS) T3 1S molyn b Jlad cyod o LolS LS Uy Jlab oy scmas 45 olsi oo eabdlol Jleb oy

Lo-¥T 5 o Lal S e s ok HS1) 5 olad ;58T ,5m « Jlsie

e o (b9, @ oy aial Glagies 3,8kes (5350 sk (MBBR) TS e iy colidons 1251, (556055
Py Gy 4 o (Slabas Bl 5l (5 52e8 Sz o) (185 5 0l Bd> o 4 (g, ol o [P] i e ol
boavalio )0 o551, (3l o )95 Ty5m 5o Lol )l e VL (SSLST Jdo @y (yeizron IV] s ls a5y Jlud o=
el Jolse cnl IVT sl ipglio 00ty VT (glacS's i 5 (Sl paem (sloSod ol 58 (prizmed 5 0392 JiaS pguyo s,
olid Oldlas [A] g8 jis cmio g ladl ool aias gy MBBR (65405555 31 oolitnl Coom 45 dg5 45 o
izan (8] 310 1) oo o Jlxd ) gy b dumaliio 50 IS (59,505 Bd> 58 5,5V (Ul MBBR (3505555 45" ol 0l
Ol Sl lugyls mbio Gluy adal Gl gelaeS] a5 9 MBBR Glgjoce slaanl 8 5l (oS 5 eolinul
pomre JUd o2 al 8 50 wilbarhal G sl Cu din $I85SS e jskaieay o) Ses g Havala cuul oads (3155
MBBR b3, 45 ol L (g 3lodends s asbl sloosls b Jos ¢yl ysallS 51 us L)+ ] 05,5 (5ludens |, MBBR
Sl Az s e Glis b glales ) IS sy B 0 (e 0,8les pamye Jld 2 sy b analie o
Vel as 3 me ailbaiias wiws sl cg> MBBR

lalaims soladl sy50 5 ojluaigs o Shee bl sl «Senlins (55l Joe 5 (s 3lodnd 51 osliiul o) yal

DLl )0 soten Hlons a5 ogs p (golazil o 5T ¢ cwiige elio S 0 Y] codl a3 515 a5 958 90 Jlows Sl
Shbes gloan s ol anjo Jold abal a3 SO S an i 0l (asie Cluy G adal gl caslin 5559555 S
Ao (50l IS Jl> )0 g oadaisle wlice lailaial 4 by ye slaools &,k 5l leas s ol o5l ail oo )l
5 AQUASIM (GPS-X SIMPA jged 4ic (sbapins jlodcd cands sloyldley aib o pole; sl Js

Sileee Sl YU ey 5 CB0 L1y o b g 5008 loailBaiiar solaidl o415 5 5 ,Slee b5, CapdetWorks

amlie s EAAS () a2 ol et OMSL slaaileasias 5 (o golatdl bl 5 0 Shoe (o) a2 i Gighy (nl )0
Caod| Pl s Albatai o ,Sloe Sgugo g o ;o (ialS Coonl 4 axg b a5 ol salbaisls y MBBR (6549555 b ]
Slay et S L o mls g 5 5lwans CapdetWorks 4.0 15810 5 5l ool b abogs po ails-auias lanl jglaie oy 0bb o
Pt ok )5Sl o b e lse susSilr eadolaml Jue Sl pliebl 5l e ad (i Como (T 1 (255 28l
ladinze Jold (galaidl gla ol )b g pians 3 Shos (s 28,5 )13 (o) 2 990 (55lodercd Lazs ;0 (MBBR) 5 ot
G599 g duslas EAAS ol 3 L avnlin ;o Bras 65,50 5 (oleewd dlge (6,105 § Ol prond  Sllos sloasy o (sl
35 (B Aty

b is, =Y

&9y90 axdllao - -¥

EAAS 556655 L o)l 50 Mol aildaaai S woabolpiinn (6599550 (golaidl anslin g 0,8les o) jelaieas

! Conventional Activated Sludge (CAS)
2 Extended aeration activated sludge (EAAS)
* Moving Bed Biofilm Reactor (MBBR)

¥ oylous [Y 0,90 NF¥ Jlu | sixiuo slos 9T



e 335515 5995 b (o sl 9 00y o2319m b JUed (2 g 41 MBS aniuai iyl 8 golaBl 3l 5 0 Shos iy | TIA

(99,9 Dbz (2 bwgie Jolds cilsasial (ol 4 (5395 ML ()l 2 Slaseie .y 5 SLl g 5luands luw (lsieas
albabal gijlvans Gly g gzl gzl o 50 ouldiin saesls 51 TOC 5 TSS BOD LOD polie lawgio
J5 o395 ¢ xS S 439,55 ¢ Jgloee COD g BOD pslie Jolts b el b ol [VF1 () Jgam) 8,5 )15 soliiuls g

ol 00 03}

Al arhai 4 639,9 Ol > Glasin ) Jgur

Parameter Value Unit

Mean influent flow 2400 (m’/d)
Minimum Flow 2000 (m’/d)
Maximum Flow 2800 (m’/d)
Mean Influent COD 312 (mg/L)
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Mean Influent BOD 285 (mg/L)
Soluble BOD 114 (mg/L)

Total Suspended Solid (TSS) 515 (mg/L)
Total Organic Carbon (TOC) 135 (mg/L)

Total Kjeldahl Nitrogen 38 (mgN/L)
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Ammonia 25 (mgN/L)
Total Phosphorous 10 (mgP/L)
pH 7.6 -
Oil and Grease 80 (mg/L)
Average Summer Temperature  25.5 °C
Average Winter Temperature 10 °C
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Unit Process Design Criteria Value Unit
Manually Cleaned Average Velocity 0.762 m/s
Screening
Mechanically Cleaned Average Velocity 0.762 m/s
Screening
Oxygen Requirement 360.01 g/m3/d
o Basin Type Concrete
Equalization i
Alpha Factor for Oxygen Transfer in Wastewater 0.9
Beta Factor for Oxygen Transfer in Wastewater 0.95
Surface Over Flow 40.74 m?/(m%.d)
Side Water Depth 2.74 m
Primary Clarifier Specific Gravity 1.05
Underflow Conc. 4.0 %
Weir Overflow Rate 186.3 m?*/(m.d)
Design SRT 25 d
Max. Heterotrophic Specific Growth rate 1/d
. Heterotrophic Decay Rate 1/d
Extended Aeration Tank Max. Autotrophic Specific Growth rate 1/d
Autotrophic Decay Rate 1/d
Biomass Yield 0.5
Surface Overflow Rate 20 m?/(m2.d)
Max. Solid Loading Rate 117.18 kg/(m2.d)
. Sidewater depth 2.74 m
Secondary Clarifier Specific Gravity 103
Underflow Conc. 1 %
Weir Overflow Rate 186.3 m?/(m>.d)
Detention Time 18 d
Lo Mixed Liquor Solid 12000 mg/L
Aerobic Digestion Digested Sludge Conc. 2.5 %
Temperature 23 °C
Cake Solid Content 19 %
Density of Cake 1200 kg/m®
Belt Filter Press Hydraulic Loading per Meter of Belt Press Width 381.58 m’/d
Polymer Dose 1 %
Filtrate Solid Conc. 100 mg/L
Contact Time at Peak Flow 30 min
Chlorination Chlorine Dose 10 mg/L
Influent Coliform Count 107 /100mL
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Parameter Value Unit
Surface area of media 300 m?/m3
Biofilm thickness 0.25 mm
Media fill fraction 0.3-0.7

Use media 500 m?/m?
Maximum heterotrophic Specific growth rate 6.0 1/d
Heterotrophic decay rate 0.24 1/d
Maximum Autotrophic Specific growth rate 0.5 1/d
Autotrophic decay rate 0.04 1/d
Alpha factor for oxygen transfer in wastewater 0.5

Beta factor for oxygen transfer in wastewater 0.95

Coarse bubble minimum air flow 0.33 L/s/m?
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Parameter Unit MBBR EAAS \ifg:r[tle :11] FAO [itsa]ndard \: '):‘ u:‘) e
COD mg/L 11.0 9.8 12.8 200 200
Soluble COD mg/L 2.98 2.15 - - -
BOD mg/L 2.83 1.89 4.5 100 100
Soluble BOD mg/L 1.98 1.44 - - -
TSS mg/L 8.0 8.0 8.0 - 100
Ammonia N mg-N/L 1.27 0.263 - 5 -
Nitrate mg-N/L 21.6 25.0 - 10 -
Total TKN mg-N/L 8.09 7.01 - 30 30
Phosphate mg-P/L 8.21 0.102 - 2 -
pH - 7.6 7.6 - 6.5-8.5 6.0-8.5
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