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Construction of Simulink Simulation Model for BAF-Enhanced

constructed wetland wastewater treatment process
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Chinese Academy of Sciences, Beijing, 100085, China)

Abstract In order to simulate the removal of organic pollutants and nitrogen species in Biological
Aerated Filter (BAF) — Constructed Wetland (CW) system, a numerical model based on Monod
equation was developed and implemented in Simulink. The model was calibrated and verified using
measurements obtained from a lab-scale BAF-CW system. Results show that the model can
successfully simulate the performance of BAF-CW system. The average errors of the effluent COD,
ammonia nitrogen, and total nitrogen of the proposed model are 12.03%, 6.47%, and 1.91%,
respectively, while the errors of a different first-order model are 13.80%, 14.80%, and 0.29%,
respectively. Compared with the first-order kinetic model, the proposed model performs better in
simulating the degradation of COD and NH;-N in the effluent. In terms of total nitrogen simulation,
both the proposed model and the first-order kinetic model can achieve good results. Collectively, the
results of this study indicated that the proposed model can effectively predict the degradation of
organic pollutants, ammonia nitrogen, and total nitrogen, and can offer a basis for studying the
degradation efficiencies, kinetics and pathways of organic pollutants and nitrogen species in BAF-
CW system.
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AR KA — YR etk ARSI A AR W RN L (R, N TN A B R Ay — 2
BRE, EERIAE S AR . Z AR K, S dE A, AR TR K N TR 5 HoA 15
IKACBET 2 G, Re T Af b & 45 H B OR 3, AT K3 & 115 /K AbBHALR, JUHLHR L W55 1 L PR AL
R, Hodr BAF-5i Ak A\ T 10 UK B < A= 49 98 3t (Biological Aerated Filter, BAF) {9 Al fL/E -5 A T i b
() SR AR FHAR S B, 2 B RH e 8000 &2 A RN T 5 7K A B AR

FE ST AT K AL BGIR , Z2 FBE T — G0 8l 1 2B S Monod 7 B T BUF AR A, A
TRk AR s R AT A A B B T S I E A T A L AT S A LB BRI T 12 fE A
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YR NE 3 F12E I 5T 01 9, BAF-5i Ak N T B b 4 3 J7 24 4B R o R DL . IR, 57, BAF-5 Ak A
TRy B RY, S5 KA T 200 % . Bk . R m A w2

MATLAB(Matrix Laboratory) j& i MathWorks /A i & B — 3 2 & = M R BB 5 5 T Ak T g
(AR, LR FH ST oA 25 7 85 e B . SRR B L {5 Ab B A 4 il S XU A L AR RS AT 2O
B~ Simulink 1E % MATLAB 9 —A> G He, =22 T 2 30045 5 DL SIS TR T, 7T P
PEUEEDE AR F P S, P BEAEIE o e R A S 00 A — SO R, S R R A B A R G RL, R
FEA N SUBARAS B T AR 72 g 0 20,

ACLL Monod 5 F2 R JE 4, # 37, BAF-58 4k A\ T 121 simulink 475 B R A5 H0UG AR W7 75 7K b PRt
FEP AT R B B LTS L AR B R AR, S BAF-TR 40 A T8 b 5 7K 2 3 R S5 (A Ak % 3T . s 47/
A2

1 MRLE )7 (Materials and methods)

1.1 SLEedes
BAF 5256255 & A W13 58 ) A, 2% B AL 2.5 m, A2 100 mm, A2 75 mm, JEKZE 1.5 m, K
WS R, R PR B A T L W R S B0 B R 1.3 m, YE 1 m, TR 1 m, PRARHT Ry K
b, J5 TR K, I KA VIR L 2 AR AT B GE T, T RERE S B A R A iE T, AR
SRR FH BAF $3 I TR T 750728, 85 BAF 35 8 8 T A T8 17, 5250 0E /K o £ 26 b 79 b B it
IATETG K, fE R GRREBAT)E, SRAEIN A & B E oK KT, 3 B AR S8 T 25 % 4 Fiis e 4y 1 s B
1.2 15K Ab BRER 2 AR Y
FE 41 T5 KA BRI, H [ BROK P2 (TWA) T & 1 3 T AL B (4 B AR o, i e o T3z,
BALTE — G By T B LR T IR A A K R 5 IR B DG R 1 Monod J7 2.
(1) —G S 8y T A
— R IR TR s e B LIS G . ARG . kARG A Y R
AR — 2l ) 2E R Rk o= (D) ElK (2) 21,
C,=Cyexp(—k,-1) (D
C. = Coexp(—k4/q) (2
K, Co— KIS R Pk B, mol' L™ Co — #E/K 5 Y W B, mol'L™'; &, — A L BR B AR %, h's
ka — THFR BRI AHEL, meh's 1 — AKIEREEFR], by g — K547, m* (m™>h').
AR TG Y ) R A R 5 1 Y vk 3 I B, AR ) o, SR, 35 IS Y ik B A
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WA bR oK 5T h 22 (TAWQ) 15681, 38 (i FH 2648 R iR A= Wik i Ak 2zt e 2 M sl 22 7 72, LRI
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Table 1 Chemometrics of removal process

Hoy
LRt R feas it Component
Chemical stoichiometry of removal process BIERY wRE &2A THAS SFE EEN]
COD DO NH;-N NO-N Heterotroph Prototroph
o 1 Yu—-1 .
SRR ELT AR e = ~ixp 1
Yy Yy
1 Yu-1
=4 e = 1. P g
IR B K Yy iXB 2.86Y) 1
;. . Ya—457 | 1 1
FIFR R R A kg o 1
Ya Ya Ya
IR TS 1-fp ixp— fpixp -1
HIRHE T 1-fp ixp— fpixp -1
x2 EBRFERY ) S AE R
Table 2 Kinetic equation of removal process
uRL AR
Process Kinetic equation

B A K uH( Ss )( So )XH

Ks+Ss/\Kou+So
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Process Kinetic equation
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T i AL
dsSo Yu—1 Ss So Y, —4.57 SNH So
—r, = Xy + X (13)
“ dZ ro YH HH(K5+S3)(KOH+SO) " YA ﬂA(KNH+SNH)(KOA+SO) A
H
dX, S Nu So
A = X, —buX as
" dz = MA(KNH"'SNH)(KOA"'SO) AT
AA:
udSNH - Ss So X Ss Kon Svo X
dZ HN XB“H Ks+S KOH+SO H XB#H K5+S KOH+SO) KN0+SNO 77!,’ H
. 1 S So . . . .
- (IXB + Y—A),UA (KNH ‘tljgNH)(KOA +50 )XA + (ixg = fpixp)buXu + (ixg — frix,)DaXa (15>
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dSxo  Yy—1 [ S, Kon So 1 Sw So

iz _rNO_2.86YH’uH(KS+SS)(KOH+SO))(KNO+SNO)ngXH+YA#A(KNH+SNH)(KOA+SO)XA (16)
1.3.3 FRAEGHE

AR FELL 6 DN msFIE TR, ¥ M 15 DS80 Hodh s MR k28 25 10 N e v sh
SRR ARG AR

OF B 6 4 spia R, 7 R sh S 4

Qi A T R 8l 124 R BUMAL 2438 R AL

28 [ ARG, i e AR Btk 2e e R BRI Bl T2 280, 0 WL 3 AR 4P,

£3 (CFIRRN

Table 3 Stoichiometric coefficient

25 5 Hf RAMA
Category Symbol Unit Value
SIRH R R Yy g(E4iiCoD) g (% 4kCOD) ™ 0.3
TIURLAL 08 =1 (COD) (1 Hu 3] fp Tt 0.08
AW ikCcoDmy & A L Y g(ZERAIHCOD) - g (SAfbN) 0.28
AW F=HICODRY & A LB ixp g(N)-g(4ijfiCOD) ™" 0.086
H 325 (COD) =R A% ixp g(N)-g(COD)"! 0.06

R4 SR

Table 4 Kinetic coefficient

2 i i FJME
Category Symbol Unit Value
IR R LR Ay d! 0.862
COD2EAfFIH 4L Ks g(COD)'m™ 160
537 P A AR Kon g(0y)'m” 0.2
HAECE IR AR L Kno g(NO;-N) -m™ 0.2
A HEL Knu g(NH3-N)-m™ 3.6
F R R IR AR Koa g(0y)'m” 0.5
37 B R LI % ay d? 0.345
FFEEE KB IEET g Toit 4 0.8
AR A IR R AL by d! 0.3
H IR T B I R R ba d’ 0.05

O ABEK P AR BE | ROV A S 4G
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2 28R 5308 (Results and discussion)

SR A 5% 2 37 A B TR R — 2R 3l ) 2B, 435I %) BAF £ 7K ST 18 3t 108 b A 3 1507 D i b 30 d
(975 G ) 2 BRASCR A TR, 15 2 LY B R L Rl 2R, I ak 52 5020 o S B e R A 7 S0k, AR5
VBB IR 2240 T 20% LAPY B A BEAE AR
2.1 AN EBR BRI IS, R 5B

HK H COD FEBLE AT S I X DL 26 5 AR 1. £E 4T H 7K COD AR L s A4 AR R A 401 #4715
2578 12.03%, BERME T K IR 2R 36.01%, fFe/MRZEHR 1.18%, BAMEA 65% ik B FALBI; Wi —3h )
SRR T B R 25 0 13.80%, FE4DME i KR 250 38.20%, Fe/MRZEN 0.14%, BHMEA 60% ik
FHARBLRL. o] UL, AR RO AR 3 T — sl 1 A AR o SR BRARL, X 7K i Y b R B
T BRI HL. 255k F , AR AR A oy FEAR . N2 A AL 5 1 0 360 S, X &N
BEAYTEAR I A 25 TR AL T 20 A HLY R AL 88 4 SO, An DR 48 g 56

&5 COD HiKBMEFI SIS HE
Table 5 Comparison of simulated and measured COD values in effluent

RRME TR [R5 280 FRl ) B 204

SEYME/ YNl e/ IME/ Percentage of simulated values within different error ranges
(mgL") (mgL") (mgL") K-  ELI BHABAEAL]
AVG MAX MIN Horizontal flow Vertical flow Ideal simulation
<5% 5%—20% >20% <5% 5%—20% >20% <20%
. KT 59.97 63.37 56.32
EeE7] S
I H 49.50 54.18 4535
AHFRBERBEAR 61.32 64.48 58.90
e 60% 40% 0% 0% 30% 70% 65%
ARUFFAEAELIRE  12.03% 36.01% 1.18%
—RWASIFERER 6229 66.36 58.55

- 50% 50% 0% 0% 10% 90% 60%
— RN SIFRERRZE 13.80% 38.20% 0.14%

el
(%3
1

—O— A L Simulink simulation model

—— — 4 7 11 B4 The first-order kinetics model
—a— Kt Horizontal flow wetland

—a— E B ifi Vertical flow wetland

~ ~ [
=3 w =3
T T T

Concentration/(mg-L
P w wn (=) [
W [=} w = wn
I 1 T T T

IS
=)

(=
(%3

10 15 20 25 30 35
/d

Bl 1 COD Hi/KHHUES SIHE X H
Fig.1 Comparison of simulated and measured COD values in effluent
2.2 REFRBIBL AR IESS R B
H K rb S U ADLE AN S (X B L2 6 R 2. FE X K SR AL e AR AR A (i 1R 22
N 6.47%, B fe KR 22K 33.37%, Fe/NRZEN 0.47%, BAUEA 80% 5k HIFAEALLL; LW — K 3h 71
FAEAL, B BB 22 14.80%, 54U (B fie KR 22 B2 T 2 51.85%, fe/Dim 220 0.11%, BAUE AT
65% 5B AR ] WARIRITE R @ ARARCR E U R AL T — a3 Sy AR, B K- i i
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RRADL R B . e T 0 .
R 6 R A KBE AN S ELRT L

Table 6 Comparison of simulated and measured values of ammonia nitrogen in effluent

RAUEAE AN [R] 15222 0 B A 1 34K

SEHE/ B/ B/ ME/ Percentage of simulated values within different error ranges
(mgL") (mgLl") (mgL") KR EEER FRARASA
AVG MAX MIN Horizontal flow Vertical flow Ideal simulation
<5% 5%—20% >20% <5% 5%—20% >20% <20%
- AR 24.64 29.29 21.67
SEGAE R
EE 21.23 25.29 18.78
AR 2442 25.54 23.32
e 40% 60% 0% 10% 50% 40% 65%
AWPFRARIRYEE  6.47% 33.37% 0.47%
— R ISR 2633 29.08 2391
30% 6% 10% 0% 40% 60% 60%

— NI IFAERNRE 14.80% 51.85% 0.11%

40
—O— AR Simulink simulation model
—— — 2k 5hJ7 2 The first-order kinetics model
BT —a— K FEE i Horizontal flow wetland
’E‘D —aA— F i Vertical flow wetland
E30p
2
bS]
g 25
3
=1
o
O 9
15 1 1 1 1 1 1 J
0 5 10 15 20 25 30 35
t/d

B2 UKL 5 ST
Fig.2 Comparison of simulated and measured values of ammonia nitrogen in effluent

LE R, ABIEIN R GE R BHUBCR BN A AN i AR AL (855 S5 50 S DU ELAH Lo i =1, 33X J2: Hh
TAB A FE L B b, ARBE FR G0 BRI B DL K AR W o AU K BRVE TN A & Kadlee 5550
{E BRI R R AR, XK TR N BRI R AL R IT IR, 45 2R R, BRTEAK P A
TR R G A AL b, 7 22 U RA-5 A T P ad e,

HE 7 A RS AU R SRR L DL 3R 7 R 3. ZEXT H K BVR BB s AR RSO (1 154 22
N 1.91%, B R KR 2R 18.63%, fe/MREE N 0.10%, FLHUE 100% ik 5 BRI — 8h 2 A
BEDP- Y E AR 22 0.29%, FEIUME i AR 22K 19.54%, e/ MR2EN 0.15%, BUME 100% ik 1 B A AL
HTH AT W, AR — 28 8l ) A A /K R USRI Ay AR [] P, A AR o 2 7 37 34 b F)
BRALL 25 S B T KO- 1 M. 5 R K S R SR 2 A L, AR X K R R AL AR B, e
R TR [ B A7 AR AR .

F7 SRR RO
Table 7 Comparison of simulated and measured values of total nitrogen in effluent

BB EA 7] BR 22V B 1 34

FEIME,  BKME RIMA/ Percentage of simulated values within different error ranges
(mgLl") (mgL") (mgL") IR EEER FRAHASA
AVG MAX MIN Horizontal flow Vertical flow Ideal simulation
<5% 5%—20% >20% <5% 5%—20% >20% <20%
- IR 42.40 50.10 35.28
ZE 7T S
EHR 40.28 48.20 31.21
RIFFEAERIZER 40,55 4578 35.73
20% 80% 0% 40% 60% 0% 100%

AMRBRIBRIRZE  1.91% 18.63% 0.10%
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LM EAN R 1R 26 305 Rl 9 75 434K
SEYME/ YNl e/ IME/ Percentage of simulated values within different error ranges
(mgL") (mgL") (mgL") K TEE FRARRH
AVG MAX MIN Horizontal flow Vertical flow Ideal simulation
<5% 5%—20% >20% <5% 5%—20% >20% <20%
—RITIFEIEER 4146 44.95 37.00
b b i 40% 60% 0% 50% 50% 0% 100%
—REIIERIURE  0.29% 19.54% 0.15%
60 - —O— AR Simulink simulation model
—y— — B )] 2R The first-order kinetics model
55 —a— 7K FiE i Horizontal flow wetland
s —aA— E i Vertical flow wetland
T, S0
20
£ 45t
£
E 40f
=
8
g 35
o}
30 |
25 ] ] ] ] 1 1 )
0 5 10 15 20 25 30 35

i
3 BRI KB S SR [

Fig.3 Comparison of simulated and measured values of total nitrogen in effluent

Zed M AR R A | 7 L L R R — Bl ) A A R AL CR B0 AT R AR R T A BAF-i
PN TR 75 K A BT 20095 e ) 25 Bk bR RLAF. A i, AR R A7 A — 2 Ja FRE, AR5 JH Y
e J5 AT AT et 25 ), HAARRBAE LT LA

OBERIARPS KoK AR xEE TR E ARG 72

ORFERY R 75 L X5 4 ) A I B 1

AU A A W i N 3l A 2 5 72

3 %518 (Conclusion)

ARICAKYE Monod A= 2B, A T & A IR XA HILTS Se ) LK 37 #6715 YW L BR B9 simulink {5
FUAGRY A o A R AR ADL 48 SR N S5 45 R0k b, SR T Al RN E RS R Gt KA HLTS e . AL
LSR5 T A R BT A SR, AR T T B — Gy 2 A, AR BEAUL A AL TS Y Al
AR5 AR A, TR H K RS T, A5 — 2 Bl S RO RIS BRAE A RICR
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