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Abstract —It is not easy to compare the treatment processes and find an optimum operating condition by the experi-
ments due to influent conditions, treatment processes, various operational conditions and complex factors in real waste-
water treatment system and also need a lot of time and costs. In this paper, the activated sludge models are applied to
four principal biological wastewater treatment processes, A,O(anaerobic/anoxic/oxic process), Bardenpho(4 steps),
VIP(Virginia Initiative Plant) and UCT(University of Cape Town), and are used to compare their environmental and eco-
nomic assessment for four key processes. In order to evaluate each processes, a new assessment index which can com-
pare the efficiency of treatment performances in various processes is proposed, which considers both environmental and
economic cost. It shows that the proposed index can be used to select the optimum processes among the candidate treat-
ment processes as well as to find the optimum condition in each process. And it can find the change of economic and
environmental index under the changes of influent flowrate and aerobic reaction size and predict the optimum index
under various operation conditions.

Key words: Activated Sludge Models(ASMs), Modeling Methodology, Process Design, Optimization, Environmental
Performance, Economic Performance
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3] sl A FgolAe] Alo] dEks B71E dele 2
7Rk Al g oS FAE= Zlo] g WHol F 5 Utk IWA
(International Water Association) 2F} Task GroupZ} European COST
action 682} 624v= ¥ A WHES AASIRAL, AlETolAd Wl
X} (Simulation benchmark)2} E-%tH3]. Benchmarki= A E#|0]
A 2d ZWE ook, A 7] Fal A 22 EFEE 4
gl 592 AlEdleld dxatoltt4].

Activated sludge model (ASM) 222> TWA©IA] 1980 At] Zxt
FH AAE o R kA BT FAE Fete] 84 oY
3739 YRR 1L Q1% A RAEE AT ASM
& s E] 34 el doful= m8E Wkl ojgtk 5784
O] ZAQl Hhg- £EAS vl o R sho] of 7 WS
& AIE AAE] T, BEe Y S AXA g
sk F7golA sk ofe] A8l digh AARALE 7S
gt} o]2dk ASM RS o] 83t af A 37<] Bed, Ao,
HA k= F2 1EAEE S5 dAie) 9l AA sl Hol $-&
=31 QATH5-8].

sl X AlzEleA] AESE 1TA e S o]gste] 24
=49 A a&& WUkt HA9] x0E EEs] AT A
TE L ANE TR 71 s AT AlAEAM 2 AT
T AT RS HE8Y olF vEoR o 9dEl EWHE RHE
3K o]FolFlony, o9} 2 AL nl-golut AJTEARI HellA
we FARE doint ol st A ES aldsk] gk ke
2 HEy 7S o] gste] thekst 2ol BARSE A 9 B
Ho] Hqajrt, S 2y 7S AR AlEe)A Y
A3 FARS SEsta AR SR AA 585 B 3l
Shtel 2 dijlelthe). B=gt Sufiell A olefgt AV} 3
I sAlel Ik oZA T §l7] whitel, thad H3EE Al
Alstarzt A5 st

TE a8 WnE A2 X2 R § Sl A )
71 A

o SElUEe] ¥ AES s AAY H7F R AA

o AT S Aol Eehs B8 X

o AlE=2 AP 149 HA T A" T1E Y

o 71EF S ARl A7) AR M3 HA
retrofitting” |5 7

wEba 2 ATrellAE, skrAE] AlARL A Q1 AAE ¢
st Q2 skAEl 3721 A0, Bardenpho(45HA]), VIP(Virginia
Initiative Plant), UCT(University of Cape Town) 332 R E%-S
e, 7t Ras vigo s 7F 3 Ae|as ) 34 9 A
Ad 7 Hln A4S ARSI
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2. QL | SR (Activated sludge models, ASMs)

=8 sleA ] el theh 7eka] Rele] - 1980t o] %
W2 ARl 23l A=E T sl 3 dlellA] dofvk=
ugE Whgoll gl ek B o] 22 NhEHIEAE nike.
2 3] ofe] 4 W) digk Wk AXE AASTH, B3 4
H S 7IRA @Al SR ] Tl LAshE ol el
st AARANE 7FsshAl sttt whEbA IAWQ(International
Association in Water Quality) AF5} Task Groupell4] 19831 o]5- &

AR SR 30l st k7] RS Aelsle] @&
ZX] B dl(Activated sludge model, ASM) No. 1, 2, 2d, 35 73]
STH6]. ©1F- ASM RES o]-8-3h e sheAle]ag e A
o} el st A7t Eids] 2T ik BEeH] BE
71, A, 1 AAL] mElge] ayo|n REd=] 7|gk A7t
HA k= sl A 3gelA] daxs) Q1 AA sl #H2 d =
A& Z=) AR Fo] $rH5.9].

2-1. Activated sludge model no.1 (ASM1)

1987 TAWQ 4k} Task GroupelM 712 AA, Axts}, 4
Soll #oshs gEeR ] RAES HESIL, ekl AMLA
07 kS-S 5T 4 gl BEl ASMIS HaEsiSict ASMI>
ol VBT R AMGE R R Bl il Bl
Hgo] 7kt Aoz deix|n Yom AT Lelnl ofe]
ke ARl 39 wARRel QlolA b Festn $-84d0] 2
Ao kelA QT ASMIL S|P E7} Sagoh] P20
gt A, KR 5 o9 B3 4R 718 A
3 B T 1302 R0 ofFold Qor, andow na)
Fda7] S1eiA Petersen BHE ARSSISIAL ZF HES2 24 (1)
o 85440 71 1FHHs].

o
O]

Accumulation = Input + Output * Reaction )

Petersen Y A-S 53l HA A& 5 3L, Table 18] 7} AdiE-2
ARG, 382 & AR(GCE FAEAL, 24 wkgof A vk
5212 Monod ]9 FEZ A= L U 5382 54
Az} AlAgle] B4 B/l daast ol uke-

oA AASE 7RG SEA T} 7 AR AT T #st A (2)

o} Zo] vpepdich.

L= Zvi/'pj )
J

ZF Al A Al tist 245 A A2 Table 1= UERH
&y
(e}

o2 Sol, g4k Sooll Tk WHSAE 4] (B owd, Q1%
HRE7leIAl o] BAGAAE 4] @ ViR 5 gk,

_1-Y pSy
oY Kg+Sg

X,-bX,z 3)

V22 = 08,1 QS VR, @

2-2. Activated sludge model no.3 (ASM3)

TIAWQeIM = 19991 d ASMI12] WS Hekslaal ASM3E 7l
SISt ASMIF} ASM39] 7Hg 2 Aol AsMBellM = &
7] 37 W S5 Wghellx] A= FEH F242 o8
Q12lskar itk otk ASM3eM ] 714 F2] g2 wE)
AalEE B89 AlE U 928 Xep)E A, w4
55 A9 1A R ARgse] At 9). B3 ASM3olM = AP
AR e WS N o® tiAskich WS Eoll st
STEATE SRR ] i 5 Qi mix|Ele E ASM3
ol e 7] A3 FAke A0 9] vAE APEN-S-S 23}
I, ASMICAM = mAES] AR, A wkgo] A= Axte|o] gl
b, ASM3OME F UAEX, XpQ Akgo] Falw o]
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Table 1. Petersen Matrix of ASM1 [5]

(f’)mponem @ 1 2 3 4 56 7 8 9 0 1112 13 Process rate(pi)
IProcess D S; Sy Xp Xy XpuXps X, Sp Svo  Sxw S Xwp Stk
| Acrobig growth of e 1 1Yy 4 g S, So
heterotrophic biomass Yy Yy B 14 Hmaxt K, +S.K,,+S, 22
. K
Ml TSR TS,
5 Anoxic growth of ns | 4 1-Yy, iy s T8R0T S0
heterotrophic biomass Y, B 14.2.86Y, 14 Sy, <
T e NBH
KyotSyo
3 Aerobic growth of 1 1 4 1 2 ixp Syi So
autotrophic biomass Y, Y, 14Y, 14 u""""AK,\,H+ Sy Ko t+S,
Decay of heterotrophic . .o
4 oo 1-f, -1 £ bsfiys b X g
Decay of autotrophic . .o
5oy £, -, ivafics b, Xy,
Ammonification of 1
6 soluble organic nitrogen ! -1 14 K SypXpp
X.s/XBH
N T e NBH
. K+ XX
7 Hydrolysis of slowly | 1 XS eH
biodegradable substrate So Kon Svo
+ N
[KOH +So nhKOH+ SoKyot SN():|
hydrolysis of
B 1o Py (Xyp/X)

organic nitrogen

AL, BEFE ASM3eA = 7R el RS R TR ol kel 9
3 e 1=l A Hkes Bk S oAISITHS).

2-3. Activated sludge model no.2d (ASM2d)

AR Aa 9 Q1o AIAE S8 S 1A Y]
= olF wdo] 5 AuiAle] sl Fagste] Fqle]
uks]7l o] % ofof] tigk thFA]Ql A7) RaE| o] Shrhs). oell u}
2t JAWQE =8 Fa "l 9 AlA 3HE BARE 7 e B
d o] 7pdto] @5tHof uj2} Activated sludge model no.2(ASM2)E
WRlar, o] ofe] Aakzel SJaliA Tk FsteM e 9
< I=F A3 5= Sli= DPAOs(denitrifying phosphorus accumulating
organisms)?] EAI7} BRIl whe} ol st ¥h3-& YTy &
dlof] =)ol ASM29] PRl ASM2d7} /i E STk, ASM2d
© 18709 AR (B8 A M Ao ® vrelAH, 7 &
3t e WS aak o= YehdZ] 9181 Table 29} 2ol 3
o] FelE FHTH10]. ¥ =elxs BEe ok 1A
35 vt HAo| g AAg) Q1S EFshs ASM2dE 7]
rds ARSIt

3. YdqHkH

a1 7S o) gate] s B9 Aee HA% sk, &
A 9 AR BN AR o] 21 AT 24 Fig
A, A AT Ae] Bae] g ulw o]
PFsst BHEE Aelsp k. B, A7) Vel ufek 3
9] 39} Aol =2 ARFTE A, BA} LR IAE Fal]

[e]
-
3788 layoutsr WhE1L, Z47He] A0S ARSI YA, 12k A

Aol thalol AEelo1 S B, B, A 71EE A7)
SJsto] £AAL3 A9 S AA AALAEUL FRET MU,

7} 3799 A5 WP Slstel B34 B A Bk A

Bk, mELO R, o]9) e SAR EEE ANE Falel 35

ML, AT A WA ofme Tl 4 ARA AP

oHi1 £ AFelie By ZRagow Sty ndy A%
o

FAE B £AE BARIICH12].

3-1. 38 M3

2 AFellA ARESE] flst 3L A Ql AAE HHo=E
sk e 1A 7] dlaE4d] ¥4 A0, Bardenpho, VIP,
UCT 374 A73I8lch

3-1-1. A,0 %

Fig. 2(a)2} 2°] A0 3L VA%, FAlrx, S71%E 74
=lof 9lom, BODY} A, Q1 AIAE HXZ shr}, 57|43l &
Akl Folo] AdE AAd A %7 Higsio] gglo
EFR ALS AAGEE LS AAE 40~70%) 55 Jom], 219] Wi
et ZArd 2] kS TaAZIc T8 Gr1d 30l Qs

(e}

8k, 371FeM 1 S 5802 Qo] AAETY13].
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3-1-2. Bardenpho(4¥H4]) &3

Fig. 2(b)¢] 4547 Bardenpho 373> 27112] FAkaze} 2719 &
71dx=2 73] Itk Bardenpho 3782] A4 AAE A0 374
I} PR ka2 o) Ul Rkl oJsto] AAEH, Qle] 7
T Qo] EElAe] #7lel] gato] o] Fofxitt & F7gellA ] Q1 Al
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Table 2 Matrix representation in ASM2d [5].

Efmponem@ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
dProcess D So2 Sp Ss Sy Swos Spas Si Sux Sm Xi Xs Xy Xpo Xpp Xpus Xyur Xiss
1 Aerobic hydrolysis 1-fsi O, N4 Vipos T -1 V| 755
2 Anoxic hydrolysis 1-fsi O, N4 Vipos T -1 Vs 755
3 Anaerobic hydrolysis 1-fsi O, N4 Vipos T -1 V3 755
4 Aecrobic growthon S, 1-(1/Yy) -1/Yy 1
5 Aerobic growthon S, 1-(1/Yy) 1Yy 1
6  Anoxic growthonS, 1-(1/Y,) -1/Yy, -(1-Yp) (1-Yp) 1
12.86Y 12.86Y
7 Anoxic growthon S -1/Yy -(1-Yy) 1-Yy) 1
12.86Y 5 12.86Y
Fermentation -1 1
Lysis fy 14y -1
10  Storage of Xpp, -1 Ypos Ypos 1
11 Aerobic storage of Xpp =Y ppy -1 1 -Ypuu
12 Anoxic storage of Xpp Viovos -l -V15803 1 -Ypuu
13 Aerobic growthof Xp,p L3 0 -ipgus 1 1Yy
14 Anoxic growth of Xp, Visnos  -ippu -V13803 1 1Yy
15 Lysis of Xpy -Vis N3 fy 1ty -1
16 Lysisof X, 1 -1
17 Lysis of Xpp, 1 -1
18  Aerobic growth of X, (4.57-Y ) Uiy 1Y, -ipgy 1
Y,
19 Lysis of autotrophs Vo N4 Vi9.p04 fy 1ty -1
20  Precipitation -1 Voo ik 1.42
21 Re-dissolution 1 Vo1 a1k -1.42
Pracess Selectian 7h Erh A7 EES] WSS Folok Sk Hg-Z U9 MLSS
3 F5 Sl ZAE A7IAl A 15 Q1 lmg/Lolﬁ}i A7)
: : AN alum, B 5& B o 9R7E 5ol 13)
Preliminary design
v 3-1-3. UCT(University of Cape Town) &3
Set up the layout sand conditions Fig. 2(0)2] UCT 34 @714 xs} 09 Fabax, s714%
¥ 2 3] 2o kS o R 2gEh UCT 3742 A0 34
Simulation I FARI A0 382 22F AR ] MpEuAE FVHEE
3 AR RESAPZ I Wb, UCT 5482 ik 28iXE @713l +
Denvation of optimized conditions A7 e SRR UM, o7l oA WS
A o] AArt Qle] Wkl Wit G3ke viAle Zle Ukl @
2 TN A Akl FEE b A5k, S eI
Evaluation of processes’ performance Q9] Fr2 AUz 277 S Q) & ToITH13]
¥
Ervomentd pefomance assessmat 3-1-4. VIP(Virginia Initiative Plant) 373
“' VIP _TLZJ ° UCT 'TL;H‘Q‘ ‘IT/‘]'O]']% EZJ'-O/] i}o]@o] 3}]\]4' 61-5]7]}@
Economic performance assessment Z, Ak, 271zl s o e WSS ARSSRE 2l of
el Fig. 29t 2] 217e] 27300 tjsjo] a3 7)) o)de] ¢
— 0 BieE a0 AReel 2 WA STl 5 1%
Companson and Selection of process T2 )] §70510] Q1] B2 2w ZAAZITH $714Z0A
Fig. 1. Procedure of this study [11]. Arkshe ERtel N ZeiAeh A akere] e ek
o] FAkaze] TR A7IER WSETH13].
A 9] Q1% AHTL G LA AYIFO o] Folu], 32, BE WSY| 1% A
E37e) Q1 AAE e W10l by ek R P s me] AR A SN2 sk Zoi
ool sh=tl] ek HF 309 SeiA el dAd dae] s 19 = 715+ Table 39+ 220] 8l3laL, &7 AAI9] 7= 4
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Effluert

(a) A0 process

(b) Bardenpho process —

Inifugnt

(c) UCT process

Settler Effluert

(d) VIP process

Fig. 2. Layout of 4 processes for advanced nutrient removal, (a) A,O
process, (b) Bardenpho process, (¢) UCT process, (d) VIP pro-
cess [12].

Table 3. Influent conditions and effluent conditions

Influent conditions Effluent conditions
Flow 100,000 m’/d BOD; 10 mg/L
BOD, 220 mg/L TSS 15 mg/L
TSS 220 mg/L TN 20 mg/L
TN 40 mg/L T-P 2mg/L
soluble T-P 4 mg/L
Alkalinity 5 mole/m?
T= vlEo 2 B AToAE= e 34 AAIE 93 ek A

17 (Hydraulic retention time, HRT)2} €A A|5A]7H(Solids
retention time, SRT), &4 W&} U W58, b3 59,
H&eA] 45, olxbdxze] A 2 44 58 Table 49} o]
ARSI TH12,14].

GPS-X Z213E o]-gato] 7 3 layouts Fig. 29} 7ol
Astar, 12k AAl] B X9 st 2 vk, x|
sk 2 dlS Adelsisit). Fd 52 E-2 BOD based B2(BOD 7

AH= 93 CODg, A= §lis A9, 4 vhex2@714=x, FAt
2%, 371/Z)= ASM2d, FHAZE Simpleld @S AMSSISITH
123l GPS-X programel] 2 1&gt 12} Azl tisied AlE

do)Ads sl 1 A9E =EIISITh

3-3. AERPHFN TF
1} AAZke] gk Al Edold At fE5rA 7S REA]
A L37) whiZoll W 4] (Sensitivity analysis)2} A2k e

3lerast w46 H|3E 2008 62

Table 4. Primary design of operational conditions

A0  Bardenpho  VIP UCT
Anaerobic 4167 - 6250 5000
Anoxicl 3333 3500 6250 3500
5, Oxicl 17500 7500 12500 13000
Volume(m®) .
Anoxic2 - 4000 - 3500
Oxic2 - 10000 - -
total 25000 25000 25000 35000
Waste sludge(m’/d) 1250 3000 1667 10000
Recycle(m?/d) 35000 75000 75000 50000
Internal recycle 1(m>/d) 200000 200000 150000 150000
Internal recycle 2(m*/d) - - 150000 150000

Settler surface area(m?) 4167 4167 4167 4500

o8l HAAx1E EESISIY. gl ego] njdgo|n mdl
3k H]A3ol2lA modern optimizationtH-& ZE4 3} %3

(local optimization)el] WA A Eo] F& AL HXA-E 24|53}
At olZlE Hekehr] flaliA  AgrelMs AR e oR HH
LESISltE Wit Aol e WS ulrolrt
of sFE= Aigte] fETA VEE ST 3
Oilg— 59, 459 F A (total nitrogen, T-N)
TR 4 mg/LE T=5A1717] Slete] itz
]7] At WSS Be A iR W
| 755 W=SAPE H29] TN %}a 3=
% Fato] HA9] e VS USA]
= A7 ]ﬁg o} 2= 0104;].
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3-4. Y gs Bt

srAle] 349 dse Bk SleiMe 8] W olH
7 Mesleh. AT olgl Be deleiE ojw) Hrhslol sk
o) Al S, 7F K9S ) 90 s A e
o] AXEES -2 VA sk Alo]deks
AAsh= _‘,]_;do] 3 Q o]—E]— /H__x]_l.l—_ $=5 = COD, TN, T-P,
TSS9} -2 oo 7] W55 Aol shtel 53 A|3Ee 7
APk, o174 R §E5, B oA, %) oA, &)

A e SRS EFTH3).

3-4-1. Effluent Quality Index, EQI(kg/d)
ol 873749 7heh vdlE EE2 0131 ZHA7E QA
B Aol M= 5522 TSS, BODs, TN, T-PE 733151t} 34
7] BT S8l oleh 22 o 59 H] WA 1A 8
OlffH w71 fl8to] 1hdstkslo] shel AR AEE W
]-OﬂD]- Effluent Quality Index(EQI)+= & L 9E4EY
S shke] Wl A X PPt 213 LERICH]. oleld EQl
gl fEe] AU fheel MelslaL vlad 4 glis gl
o}, 7)ol 9] Al~Ele APl E 718513 aL, EQR= 4 (5)9)F
to] ufehdl = itk sHiAt e & wE vehdth

EQI = (BzssTSS, + BeopCOD, + BpopBOD, + BTN, ) « Q. (5)

171914, Brss=2. Beop=1. Bpop=2. By=205 4313131, B factor
= & A7 75 YERIY, Vanrolleghem and Gillot(2002)
of &3l AXE AIATE 2Lt

Ol
W

;emlm-m%\ﬂjgr
m&a

my
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3-4-2. MG

Sk Aol AAn]gol tigt AA B7E s f1gk 48]
& A ol a1 ApRoRE %7, A, 23 52 oA
v g3} i ARk Ae] v, AVaulE, setelE dulE, Q1
A8, EAE, 7IeF AR89 Al Sol E3ETH14]. 314
9 H)E Antke A% 242 FA1A A o] AHE vt gl A
ARl T2 HluE fIgte)7] wiEel £ ATrelx= &ulA At
&, 83 oA, Z71e] Al 7] 1AkE arEste] AtsiSict.

3-4-2-1. £A] A2FH(Sludge production, SP)

#HF JA ]i—rﬂ SHE e SRR 24 6y o] |
R 7 Qlar, HE AR sk TSS ot HF A el
A WA= s S EA AR

SP(kg/d)=TSS « Qy (6)

7164, TSSy, = HAA|elA 2] ¥ FF 1m¥F BAYsH= o] &
22|k (kgTSS/m?)

Q,, = FF FHA A = F7F (m¥/d)

3-4-2-2. F3 IR (Pumping energy, PE)

it

B oluAI=S £0)7] flste] tiF-Ee] sk Aedelr= zt
WRG-2 7o AMpehRhE o) Bk S AlAlsle] Qlek Wk 7k 1)
H b

kg, A BASRe el el e ik B2
2 ol galod Agaly, a5 B vlEls B RBE 4 (
3} o] LERd 5 glek. H% PAXeNNS) wkg, U wig,
ol chgt fre] gl ek AR ool ARk,

PE(KWhH/d) = 0.04 . (Q,+ Q,+ Q) ™

i

~
~

oA7lellA, Q, = &2 UIF- Wk fd(m/d)
Q, = =8A] Nks A (m’/d)
Q, = HAF FHAeIM ] # Fm?/d)

3-4-2-3. Z7]%(Aeration energy, AE)

SN, 371 &3P FellMe] Abdss vdEe] S84
|3 IFEE A AET WIEA] FFE o of skl £3o]
o]Fo]Aof st} olefgt AE¥ £ 474 EF7], 71414
7] e 7IAA WO R £ ARRE 3o s o]Foxitt
[15]. oA ek &< 271d%0l U= F71E2 4 ®)FF &
o] Axkd % qlrt.

AE(KWh/d) = 0.4032 . K 2+ 7.8408 . Ky, ®)

J}m 01
L

37191, Ky (h) = Z7VdZ0I 9] ARV Ak gl
3-4-2-4. A LAngow g
29 4 (5), (6), (1), ®)°1 2814 EQI(kg/d), Z21#] “JAIK(SP,
kg/d), 8 AAIZHPE, kWh/d), i7]3k(AE kWhidye Aaker 5=
gitt. 7 g Uehgl= vzl B o2 7] wjite] & n)g
< AFeE] S8 Table 59] 7t &5l G = cost factorsE
Fatol frel @)z Masisirh4]. wiskel 22te) frzus]e] v

Table 5. Cost multiplication factors
Multiplier Units

Cost factors

Effluent fines 50 €/EQI (EQI=kg/d)
Sludge treatment costs 75 €/SP (SP=kgTSS/d)
Energy costs 25 €/PE or AE (PE=AE=kWh/d)
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Table 6. Simulation result from primary design

(mg/L)  standard A0 BDP VIP UCT
TSS 15 224 14.2 10.6 10.8

BOD; 10 60 62 28 139
TN 20 159 32.1 12.9 26.7
TP 2 23 5.4 24 4

TSS removal
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4
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(c) P removal

Fig. 3. Sensitivity analysis for each parameters in A,O process.
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Table 7. Optimized operational conditions
A,0  Bardenpho VIP UCT
Anaerobic 5500 - 5250 5500
Anoxicl 3000 3500 5250 2100
5, Oxicl 19500 9000 15000 15000
Volume(m?) .
Anoxic2 - 3500 - 4000
Oxic2 - 9000 - -
total 28000 25000 25500 26700
Waste sludge(m?/d) 1550 2000 1775 2000
Recycle(m?/d) 34000 55000 75000 60000
Internal recycle 1(m*d) 230000 180000 125000 100000
Internal recycle 2(m>/d) - - 150000 150000
Settler surface area(m?) 5000 4500 4900 5000
Table 8. Simulation result from the optimized design
(mg/)  standard A0 Bardenpho VIP UCT
TSS 15 12.8 14.1 15.4 132
BOD; 10 5 5.5 5.8 54
™N 20 11 10.5 12.7 15.5
TP 2 1.3 1.8 0.8 0.7
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Table 9. EQI and operational cost
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A0 Bardenpho VIP UCT o] m&o] B FoA= AS & 7 ok AT IV F
EQI(kg/d) 29279.03 28655.20 33427.67 38161.20 3] o] W3l u}2 AAGT 3 A BE gkt AR 1, 2, 3
SP(kg/d) 22459.5 21320 21974.5 22720 2] 9ol A,09} Bardenpho 37g°] VIPZ UCT 57dxc} 3
PE(kWh/d) 10622 9480 14071 12480 A4, AA Wl B Wi A & S 99, vkt £d =
AE(KWh/d) 4816.08 9632.16 4816.08 4816.08 Zjo]-oﬂ/ﬂ 747e] A FE o= & 2= Q)9S wolZI)
Table 10. Total EQI and total COST with cost factors
A0 Bardenpho VIP ucCT
EQI(€/y) 1,464,000 1,433,000 1,671,000 1,908,000
SP(€/y) 1,684,000 1,599,000 1,648,000 1,704,000
PE(€/y) 266,000 237,000 352,000 312,000
AE(€ly) 120,000 241,000 120,000 120,000
Total COST(€/y) 3,534,000 3,510,000 3,792,000 4,044,000
Total COST(won/y) 4,595,000,000 4,562,000,000 4,929,000,000 5,258,000,000
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Fig. 4. EQI-COST graph for simulation result from primary design to optimized design.
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