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2] Aol #AI7F A Qlek. dRbd o sk 4l SejRlE T4 HEA A, o] 3 T HI'k(CH,)
4 oA N0 BlEE o] St e A2 sk viEd o A qlok. whebA, skeA el gellA]
Ashe ATt 7k wiERe 1ed Fart glon, ATds) 7k wlES #HASE 5 Qe #H49) sk
374 9 EeAA el digdT Fedo] SRk qlvt. whebA # AFelMe FRAESH kATl e
2ATRA AR gl SR WERES ARteb, olel wheh A7k~ HiES HAagshe sk 9 SRiXA RS Al
Alstazl gtet, AEEH Sl 37d S Z= Anaerobic/Anoxic/Oxidation(A,0), Bardenpho, Virginia Initiative Plant
(VIP), University of Cape Town(UCT)S ©|-8-3310m, 5=8H4] shrAg iy 2 73] GPS-XE o83l & &
9] me=S gl ol & vio R siEAR| g oA BAskE 2AVkA W SR wiEES AXtEh, ol
T 27k MiES Haslehs S AEsialvh. 247k 1l SeiA] wiEERS 2006 IPCC 7lo]=2RlellA] A
AleE 218 Fal AR SATE Bt vheket S| A Av] &GSt 22, wiE)ell oig SIS Fekalom,
olF T3l 4 Avtel el AHE shbe] AseA vw-grksioitt. B A5 H, 4714 skeAE]E i S Bardenpho
A Aol 7Y & Ao w vehton, £uiA] AE Alve] e 5 Fulst 2A7AE 7T A A s ESisict.

Abstract — In compliance with an international lawabout the ocean dumping of the sludge, the proper sewage treat-
ment process which occurs from the wastewater treatment process has been becoming problem.Generally the sewage and the
sludge are controlled from anaerobic conditionwhen the sewage is treated and landfilled, where the methane(CH,) and the
nitrous oxide(N,O) from this process are discharged.Because these gases have been knownas one of the responsible gases for
global warming, the wastewater treatment processis become known as emission sources of green house gases(GHG). This
study is to suggesta new approach of estimate and environmental assessment of greenhouse gas emissions andsludge emis-
sions from wastewater treatment processes. It was carried out by calculating the total amounts of GHG emitted from biolog-
ical wastewater treatment process and the amount of the sludgegenerated from the processes. Four major biological wastewater
treatment processes which are Anaerobic/Anoxic/Oxidation(A,O), Bardenpho, Virginia Initiative Plant(VIP), University of
Cape Town(UCT)are used and GPS-X software is used to model four processes. Based on the modeling result of four pro-
cesses, the amounts of GHG emissions and the sludge produced fromeach process are calculated by Intergovernmental Panel
on Climate Change(IPCC) 2006 guideline report. GHG emissions for water as well as sludge treatment processes are calcu-
lated for environmental assessment has been done on the scenario of various sludge treatments, such as composting, inciner-
ation and reclamation and each scenario is compared by using a unified index of the economic and environmental
assessment.It was found that Bardenpho process among these processes shows a best process that can emit minimum amount
of GHG with lowest impact on environment andcomposting emits the minimum amount of GHG for sludge treatment.

Key words: Green House Gases(GHG) Emission, Environmental Assessment, Wastewater Treatment Process, Acti-
vated Sludge Model(ASMs), Optimal Sludgetreatmentstrategy
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Fig. 1. The overall procedure forselection of wastewater treatment
process and optimal sludge treatment.

Table 1. Influent conditions of four major wastewater treatment processes

[51
Influent conditions
Flow 100,000 m*/d
BOD 220 mg/L
TSS 220 mg/L
N 40 mg/L
Soluble TP 4 mg/L
Alkalinity 5 mole/m?
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Table 2. Design of operational conditions in four major wastewater
treatment processes|S]

A,O  Bardenpho VIP UCT
Anaerobic 5500 - 5250 5500
Anoxicl 3000 3500 5250 2100
Volume Oxicl 19500 9000 15000 15000
(m’)  Anoxic2 - 3500 - 4000
Oxic2 - 9000 - -
Total 28000 25000 25500 26700
Waste sludge(m3/d) 1550 2000 1775 2000
Recycle(m’/d) 34000 55000 75000 60000
Internal 1(m’/d) 230000 180000 125000 100000
Internal 2(m’/d) - - 150000 150000
Settler area(m?) 5000 4500 4900 5000

Qom, AA W A A CF Kim and Yoo[5]ellA ANBE 2F &
8 Ak wkeEaY), FHE WA, Ul wksE 58 1838
STH(Table 2).

2-1-1. A,O(Anaerobic/Anoxic/Oxidation) &7
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Fig. 2. Layout of four major wastewater treatment processes.
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2-2-1. A LA TP 22 (Activated sludge model, ASMs)
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FARE 758 g S). o9l IAWQ(International Association on
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Fig. 3. Conversion processes in anaerobic digestion[9].

S|
S|

9} 7+ ADMIS QB Es)
process} 24712] :r“‘“*—g, 567
234 Jkg-

ADMI U‘“"ﬂ*ﬁ 657] 4—§}4 JOJEI'-Cr
[9]. ©71P3&sk= 7kl ARl Agkets] wke-a 719 AQ] E2glst
A REG O FREE T, F 4 AR Bl AEehA] vEkel T
Zul] 2h8-5 s}, sk nA; B 1 vk WAle] &4
2 o) 2allE w] AR HhellA dojub= REE-S Sjn|eitt, whi
Zmax) 2o ek SIS HkS-e A UjelA] wAlEk, 1 A

L_O‘I__

ol

f84

[e]

L

2 e @71 TN Qofks BESA WSl Ralh st 3} vlo] ool st 5k Lofudek. BeseA W 4R
e, VY] A, AbES EESA lor], Tyl Besst  SAoR dojupq gk ole0) A i Relge TS
A WkS<) o] 2Rl o /| AR 3 melw Bk girk o] 0omM, ADMI Releli HA 2hgel oje Bejsletd el %
Table 3. Matrix representation in ASM2d [5]

Component D— 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
dProcess D S Sp Sy Sy Syos Srw Si Sux Swm X, Xs Xy Xpo Xpp Xpms Xuvr Xisg

1 Aerobic hydrolysis 1-fsi O, v Vipos L -1 Ly 755

2 Anoxic hydrolysis 1-fsi O, v Vipos L -1 Ly 755
3 Anaerobic hydrolysis 1-fsi V; N4 Vipos L -1 V3 755
4 Aerobic growth on Sp, 1

5 Aerobic growth on S, 1

6 Anoxic growth on Sp 1

7 Anoxic growthon S, 1

8 Fermentation -1 1

9 Lysis fp 1Ly 1

10 Storage of Xpy4 -1 Ypos ~Ypos 1

11 Aerobic storage of Xpp =Y pyy -1 1 —Ypuu

12 Anoxic storage of Xpp Vionos —1 —Vin03 1 Y pria

13 Acrobic growth of Xp, V3.0 ~ipgys 1

14 Anoxic growth of Xp, Vignos —ipem Vo3 1

15 Lysis of Xp0 ~Vjs N0 fy Iy -1

16 Lysis of Xp 1 -1

17 Lysis of Xpz, 1 -1

18 Aerobic growth of X ;- Vjg v —ippur 1

19 Lysis of autotrophs Vo NH4 Vj9 pos fy Iy -1

20 Precipitation -1 V204K 142
21 Re-dissolution 1 Vo1 41K -142

Korean Chem. Eng. Res., Vol. 49, No. 2, April, 2011



715RskE st skl 2

G

abA| o=t

Aol M e sk Rl e g o gy weehA] el
3 Az EYo]el GPS-X(Hydromantis, Canada)ZS ©]-8-313th. GPS-X
A WA S s 2R W AlEgo e Qs F
AEAL 2o RN, o] kAP F8S 2 (steady-
state) 2! 52 (dynamic) JENE FAFE = Q= T2 131 FAle,
EWES #Asta AAlsk=t] 7o) H= Axd, &4E8A
57 & W2 parameterE ©]3lsh= 7Y A3 St Etolti12].
GPS-X &4 &81A] 34 29 (Activated sludge model, ASMs)=
upgoZ A glon, Belgloa e Rk A 854 B4
AR E4dof| djgh jhg- o2 Rttt sk Rl = lmidl, &
L=, SHAGINEE,  FHEE 59 AHE WS
| 3£3F=]o] Qlt}. GPS-XE o]&-3Hd V1% Absl, ditsl, ©43

& H3ek A|2~ES pilot plant®] AX] glo] g 4= glon o]
£ g3l ok A7 v)8-S A3k S SloH12).

GPS-X Z 213§ o]&slo] kAl HE= Fig. 29 2ol &
AEARKL, FEEh AXkE T3l REE T Aol 73
k. £ g F, 470 wkexe 23EUATEED FoM A
28} 1] FA] AA7F 7Fsd ASM2dE o]&3low 7)1 48l
Fol = ADMIE ARESISIE. oledt 2o ® malwE sk
A FHES AlEdolAs o] Z47he] 247k MRS AkEet

ek,

(]

y 2

2-3. AN WHEY ME

2-3-1. oM A (N,0) 7k Ak

oRIEHAN,0) HiES A Al ZRE ] A4 iE 2
doluAY, = 2, 37, vt fE552 A2l - HGEtE
o] IR MER A8l A = Sk kA E] AldelA Aat
3} 2 DAsERE] ARl ES T WA e ywE
T 9t} APHoZ olggt viEHEL FETE Qs viEHE}
2R A, A g 247 23 Al E 7 1xe] AT
3} 3l A7) A S ol 7R 2L 9l Il ARt T 28 HF
Hrh2].

£ ArellA= 2006 IPCC 710 =2k Bt of|A] AAsH= Wi

& AHgalo] SRl HESR A8 N,08 Vel £
s wiER sEA T EE Qg A1 NL,O vilEHef
) 3wt dich. vhese uE A theal 2
N0 MIEF =Npay x EFgp x 22 )
B 2ol N0 HIERS MR ] N0 MEHkelyre) T,
N &7 Tz URd f55 Wl da(keg Njyrel™, EF
O = o~

FE=7E R U AETEREY N,0 HiEel tig wiEAl
F(kg-N/kg Nt} B3 4282 kg N,O-NZ kg N,0=2 2| g7
“Folct.

2-3-2. ¥l€k(CH,) % ISR (CH,) 7R

2R E biEE oltslekats AESHE B V)9S 7]
wiell, = 7F & wliEel 231714 ¢kom webA IPCC 7le]=
ZRRleM = 1 AR AR tHA] el=tH2). whebA] el
A 27 F A gkl wigk(cH,)t olibelEkA
(COE W= 22 COD Ed4] 215 53l Artbeth(Fig. 4).

%%

Er

i)
fy
A
N
£l

}j/
ofi
2
o,
i)
o,
o
)

7} 191

rl

SYSTEM H oue
Influent Effluent
» {Rl R2 “7 R3 } ;E
CODxA J

|
Fig. 4. Material balance of COD in WWTP.

Waste

COD,+COD,, = COD,+COD,,+0U,. @)

2 Ao W22 §¢ == coD(COoD,)%} W& == CoOD
(COD,), EHA 2 HWiEEE COD(CODyy= Bd Tz g=:o g 7}
3] 8k 5= Qo w| A Ee] Ao & Qs AAE COD(CODy,)
= ot e A& Fal Antect

COD,,=Npyx Yy 3)
NOX = TKNin - TKNout - Nwaste (4)

= CODy = Ny 2he Atshel 440 okt y ehe Abs) vg s
o) & A% (Y,=0.24 g COD/g N oxdised)®] 0% - 4= 9lct
[10]. °] #tE55 Fall @Ak 0Ue e 7 QAL o] '
7k~g o] 3l sl ElelA sk o|akslRk A} HEE Tk AE
T = 9tk B Aol e gk o)kl g) gk Tp AR
ThullEE ok 75k, IPCC 7ol =2kl BatAe] &gk CH,2
HIEAIF7E 0.25R1 el 27z, Z47}e] o] abslehAie} migk 7k
= 75%8} 25%2) HlE&= wiEE Tk 7SIt

2-4. Global Warming Potentials(GWP) H|AH

2207k 8 Aol tigk 7]of = th2 7] wiitol], o]Aks)
BrE 702 Z47F A7 8 710 RS HALRE A ek
(GWP)Z S Et}. 7] 5Rislg ekollA o] A F-2slx| 4= 1995
EE 7R sl glor, 77 A7 AT dsA9=C0,=1,
CH,=21, N,0=3107} ZT}[2]. & A7l 4+= A,O, Badenpho, UCT,
VIPS|47H4] StAg] g oA 22 dhAllehs 227k 28 thed]
GWP 215 5310 AFEste] nlaslalct.

GWP = E(, x GWP ., +Ecy x GWPy; +Ey o xGWPy , (5)

264 By Eggy Enyot= SIMHE BABHE £47120] o2 ¢
VIS GWP g, GWP(y, GWPy = AT- LA SIuIHch 3],

2-5. 38 M5 Ft

sAE] 3749 A58 B HsiAe 7575 W tlolE
7} Q@i s A o] S dlo|HE Brtel] fsliAlE of
27| A 3E7} Fsivhe Aol lvkmiEbA, skeA ] 3784
H7F Bg& F57) 4% 35 ARE NSkl o] A EES 0]83
WAL Aloj RS A7gsh= wPgo] A st
t}, o]t A EEHA E AdFelM={ES T COD, TN, TP,
TSSSF 22 oY 7| RgES Adsto] shte] 53 A x9l
Effluent Quality Index(EQDZ XI5l , &3t &7 v|go 24 f
54, B3 U Z, Z71UARE, SuA) BAlEe] SR

4

Fola] Hhe-S

Korean Chem. Eng. Res., Vol. 49, No. 2, April, 2011



_Q_EH/H .

lux(j.

. &8 A ¥ (Effluent Quality Index, EQI(kg/d))
& 3] S4 W7 iElr] flal ole 22 ofF 52 1)

s ﬁﬂ] 3L o]allE 57 flste] Fhdslele] she] A=
A EE T Aol F o3ttt upaha] 2 ATl E IWARA AA]
3t F-ZTAXE Effluent Quality lndex(EQI)7HLj—°— o]gsk3ict

[13]. EQI= kAl gelM viEs:= &
vhe] ©hel A gEslel 218 YepdThS]. fE5ollA 344 3

Skl %P—E-E% ofe] Z7EA7F A, Aol f Z?

= TSS, BOD;, T-N, CODO] 4714 -5

olgg EQIE 3l f&9 HHE

17}X1 skEAEE A ES HlanE 5 Qe

ol A1) AR Ao EIE 7HYEtel o,

10 vl 4= Qlth
EQI = (B;gsx TSS,+ Bropx COD,+ Byopx BOD,+ By x TN,)
xQ, ©)

o71elM, = 7+ FEEe] mEdge|E g 7HEAo ]E”] 7y k&
Vanrolleghem and Gillot(2002)]l ]38} #|A|E A& A~
Bcoo=1, Bpop=2, Br=20= 483131t}

2-5-2. &70]&
sk E] 5
g37] s fE=F 2] vt
skl F@ehetl T vl Al
o}, whbA Oh‘ziﬂﬂ/] ZAAPell EH{Z ]’
ol R AE oA el Ao R
& 59 ‘ﬂ]‘fﬂxlﬂ]%ﬂr &EA AL} A v, "]@‘ﬂ]
F TY0E, QAN EXH)E, 250]E, 7|EF £-4]4]
o] EgrE). Rt v)g- ALkS $1st Z47ke] A1 X
AP vt gla, ARl 342 nluE §e]7] whzel
TolXE EHA Ak, B oUR=E, Z715] Al 71 QIx

e sto] ALtsIATHS]

2-5-2-1. £~ "E’&%k(Sludge production, SP)

HT AAAZHY 8HF ArlEE oA B8RS o2 A#)
o] VR = 9la, HE AR oA sk FRE2(TSS) &

3} #% AN WS ¥ f2E SHTEowA ARkATHS],

_Q_oﬂ = 7(153] 1-?‘3]_2 3]_

rlO o)
J> —u

BTSSZZ’

o
d& Hlug

el

rr

SP(kg/d) = TSS;, xQ, )

of7]elA, TSS & A A 2] 7 5 1 m*F BAYsk= 9 &2
A F(kgTSS/mM)P1 3L, Qe HF Al 9] 7l i (md)yE o
ul gy,

2-5-2-2. 383 U= Z(Pumping energy, PE)

o] sl @3 I AHHEES =o|T IR A7E
Z017] {13l ZF WhgZ= Zhol] UIFRES-S o] 83tar Qlrt. o2 st ]
kg X ol A] H**ﬂo}ﬂ *EM 9 50 vk 52 3 o]
Foto] Hg8laL, B oUAHS Eo)7] flste] Tyt sk
Aol = kg3 1ol AMHBER o EslES AdA|E o Qitt
SHF Bt AnlEE F3 o o2 A7) o] YeRd &
glom, ol FHF HAA| N vk, Ul Rk, dlEef Aol dist
Frge] gl Wik QIAE w3to] AXlETHS]

PE(kWh/d) = 0.04x(Q,,+Q,+Q,) ®)

Korean Chem. Eng. Res., Vol. 49, No. 2, April, 2011

g4

L85 - AT
Table 4. Effluent results of four major wastewater treatment processes
A0 Bardenpho UcCT VIP
BOD 5.4 5.015 5.5 17.26
COD 46.78 41.37 50.5 77.06
TSS 16.8 12.03 12.6 13.1
™ 11.78 11.21 34.94 14.2
Table 5. Cost factors in EQI calculation [5]
Cost factors WEIGHT
Effluent fines 50
Sludge treatment costs 75
Energy costs 25

B

guAre)

1

o, Q& HeA R
m¥delH, = AF

FmYdela, Q& =uA
Aol o] 7 R (m/d)ye

]_/\

f

o
- :(0
.‘r'l ol

lo = rfe
O

=

8
i
l:\)
W

. Z71%(Aeration energy, AE)

o] WL QIR A RS TEIA B,
o Aas A7) S8l 2714 weErt
S RS SEA8 2YEE £ 2 ol

== T
T ofof skl =3o]
]

re
—H

A

M > off

>

1o of

9

HO%X%OI: gt o
A7), VAR F7) = 71AA W“ﬁﬁ*’%
o] FozIL}, o]gA| 3R Bt TUHE
2 ol o] A3} o] Ak 4= Slvks)

AE(kWh/d) = 0.4032 x K2 +7.8408 x K,

1

Jrlj
FQT_,

R ol Jft B
fr oo 1 o

k.‘ T

il

o

L%J

_%

o
)

oJ71ellM, K, (h™ e 37130l o] AR AR gAIEE: 2ujsi),
2-5-2-4. A 4807 A3

21e] Aol 2JallA EQlkg/d), £21A] AAFE(SP, kg/d), B3 Il
X (PE, kWh/d), Z7|2HAE, kWh/dyS AR = QI3iTh. 2} &

=
W UEhll= 997 B tE] wiitel] o] sh7wel] Blmstar
A vE-S AXs] YsiE Table 59 7+ Il == cost
factorsE walo] RGO WISt Wk ZHzte] frd
$19] H]8-5 8] & H]E(total COST)= AHE3I3IT. ©] #hs

U} v]g AlEe] = Wk 2 Sk, 16=1,300W-S
Ag3I3ic). o] & 7} sl e E 1k AAA HE U B
S

3.4 1

3-1. kAR 3HE 2471 ZH|n

7} sl E] oA s s 2A7EA wlES e $
3l], 471R) 8] AE8HA st A ] FH<?A A0, Bardenpho, VIP,
UCT FRelr EAE]= 247k~ vlEws AkEslon, -1 A7
= Table 63 2t} oabslekie] 73-9-, UCT FRjellA L ool 7}
7 AAAEEI o VIP 3 ollA] o] absleka ofo] 7h wo]

Table 6. Greenhouse gases of wastewater treatment plants

A0 Bardenpho UCT VIP
CO, (kg/yr) 6,160,327 6,130,855 6,072,383 9,797,515
CH, (kg/yr) 2,124,489 2135962 2,101,219 3,344,222
N,O (kg/yr) 181,306 103,644 100,289 147,609
GWP 196,207,994 172,826,101 169,538,770 266,242,291
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Table 7. GWP for sludge treatment
A0 Bardenpho UCT VIP
Sludge(kg/yr) 8,152,458 7,606,600 6,556,860 7,314,509
Composting(kg/yr) 3,326,203 3,103,493 2,675,199 2,984,320
Incineration(kg/yr) 14,555,485 13,580,905 11,706,688 13,059,402
Landfill(kg/yr) 1,462,795,583 1,364,852,279 1,176,497,425 1,312,442,389

Table 8. Total EQI and total COST with cost factors

A0 Bardenpho UCT VIP
EQI(Ely) 2,016,267 1,543,665 5,260,169 2,491,055
SP(€ly) 541,434,350 510,495,000 491,764,500 508,588,175
PE(€ly) 265,550 137,000 162,000 201,775
AE(€ly) 4,025 8,051 4,025 4,025
Total(won/y) 7.97836E+11  6.65E+11 6.763E+11  7.167E+11
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Fig. 5. The EQI — GWP result of four major wastewater treatment
processes.
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