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Abstract

Domestic sewage treatment plants (STPs) consume about 0.5 % of total electric energy produced annually, which is equivalent

to 207.7 billion Korean won per year. To minimize the energy consumption and as a way of mitigating the depletion of energy

sources, the sewage treatment strategy should be improved to the level of “energy positive”. The core processes for the energy

positive sewage treatment include A-stage for energy recovery and B-stage for energy-efficient nitrogen removal. The

integrated process is known as the A/B-process. In A-stage, chemically enhanced primary treatment (CEPT) or high rate

activated sludge (HRAS) processes can be utilized by modifying the primary settling in the first stage of sewage treatment.

CEPT utilizes chemical coagulation and flocculation, while HRAS applies returned activated sludge for the efficient recovery

of organic contents. The two processes showed organic recovery efficiencies ranging from 60 to 70 %. At a given recovery
efficiency of 80 %, 17.3 % of energy potential (1,398 kJ/m®) is recovered through the anaerobic digestion and combustion of
methane. Besides, anaerobic membrane bioreactor (AnMBR) can recover 85% of organic contents and generate 1,580 kJ/m®
from the sewage. The recovered energy is equal to the amount of energy consumption by sewage treatment equipped with
anaerobic ammonium oxidation (ANAMMOX)-based B-stage, 810 ~ 1,620 kJ/m’. Therefore, it is possible to upgrade STPs as
efficient as energy neutral. However, additional novel technologies, such as, fuel cell and co-digestion, should be applied to

achieve “energy positive” sewage treatment.
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1. Energy Positive Wastewater Treatment
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Fig. 1. (a) Critical processes for energy positive mode and applications of (b) chemically enhanced

primary treatment, (c) high rate activated
bioreactor in a sewage treatment plant.
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Fig. 1. (a) Critical processes for energy positive mode and applications of (b) chemically enhanced
primary treatment, (c) high rate activated sludge process and (d) anaerobic membrane bioreactor
in a sewage treatment plant (continued).
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2. Energy Recovery from Wastewater

2.1 St Ol X[ &THE

19143 Arden¥} Locketto] 7fdgt E4&8# FHL 7}
Z BEAo FAHR] Ay PHOZ o] &5 o] Jrh
Modified Ludzack-Ettinger (MLE) &¥3 A0 &% 2ol
Aot QY MPEgo] T2 A=XNIIHEC] MLd &
o, AEZ3Y Aoz Qg QFER A A #HEA
HAE Y Jlsol s HsAL vk E4E8A
FHY dHE g AqUAE LHdtE Aotk dE
Eof, 84&HA THH 7148 48 THE Fug O
steAE Y A$ BFFeF 1,620 ki/m’® (1,080 ~2,160
kim* @99 AAE LuFTHWan et al, 2016). 24
seA FHY F /A @A, 1) A7ANAA 9 dut et
371 $3° 22He AH} 2) stvt FRSE /71
dotetdel JHEEAE HAEEHE AS 1HT d
2 g4&YA FHE NG, A F Al2HE {71
ES IFste Hoz Adste Aol Basith

o] EANA s Ye s dEHA FHH
k4 @ FZH(Chemical Oxygen Demand, COD)<> 500 mg/L
(gm’)olth. coODY Al <A 16.2 ki/g CODE HIFO =
7k SR ZA AUAE AldtstE <k 8,100 kI/m’olth
(McCarty et al., 2011; Sheoner et al., 2014; Wan et al,
2016). ¢ Aol AFEHE AUA 1,620 kIim'E st
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9, sk oA HlE iy 5ue duAE Evo}i A
ok olgst Al std, FAANUAY 20%E 2FHstA
s)aloket “olix Positive S4A"E BT + Ak

a93 B0 A5G fY CODAF 977 A, B
9 AF S4¢ me g2, WAE 100
mg/lL olaial A& At oUA @AW WEHe 2
3, ghge] thk 3e Welth SAW, #9 CODTF $&4
£ A 2RHe dUAF =2 s Ao q%
Hu, g9 dyx] ZFAF dH &2 qUA HEE
Asted U st LEFH steAEE oA AHE A
Hol digt ddst A a3t FEolt, Fag sk
CODY A duA= @8d, Agt, dudo x4 o
2t A= 23~29 kl/lg COD, A= 13~15 klJ/g COD
oo, steAE g A £EE 720~5400 ki/m’S
HAZE tgsAl Yebdth(Heidrich et al, 2010; Lazarova
et al., 2012; Olsson, 2015).
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041E 5o}, 13 AAZRNA 40 %9 COD7} SsHe F$
AqYzA TS Ael Ruz vk 13 AHFE S 842
%7t AEFH o2 H3| 7Mestrh(Sotemann et al., 2006).
ﬁrw_o_i B8 AgzdA Weez AF 753 COD
L = CODY 337 %°lth. 28y @7AH A8tz vEg
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Table 1. Energy recovery rate, in relation to the COD recovery efficiency, in primary and secondary settling procedures for

CEPT and HRAS processes

Energy Recoveryw Energy Recovery* O
COD from lst Settling from 2nd Settling
Total Ei R
Ene.rgy Recovery | (Degradability in Anaerobic | (Degradability in Anaerobic ofal Energy Recovery
Po;entlal of from 1st Digestion: 68 %) Digestion: 40 %)
ewage .
€ Settling Wh/in?® W/’ KWh/an?® K/ CWh/in® | ko In Comparison to | In Comparison to
Energy Potential |Energy Consumption™"
40 % 0.18 655 0.07 265 0.26 919 113% 56.7 %
50 % 0.23 818 0.06 220 029 {1,039 12.8 % 64.1%
, 60 % 0.27 982 0.05 176 032 | 1,158 143 % 71.5%
Zézfoé(\ZJ};/nl‘i; 70 % 0.32 1146 0.04 132 036 | 1,278 15.8 % 78.9 %
, 80 % 0.36 1309 0.02 88 0.39 | 1,398 17.3% 86.3 %
90 % 0.41 1473 0.01 44 042 |1,517 18.7% 93.7%
100 % 0.45 1637 0.00 0 045 | 1,637 20.2 % 101.0 %

" Methane conversion efficiency: 80 %

" Efficiency of combustion power generation: 30 %
" Heterotrophic biomass yield: 63 %

""" Comparison to 1,620 kJ/m’

BIE=8EaR| M4 M1, 2018
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COD7} &4&8A 38 Z7|xd f€t. &&= A0
g F71E AZEEES 90 % 7HEEHE, FYUE 60 %9
COD % < 54 %% COD7} "= 93] HA€th. ASM
No.3 Edox A&t AEF A4 Al(Biomass Yield)
7} 0.63°]B2, COD 54 % & 34 %7} YAL8A=ZE A
HE Aoz AXNAKGujer et al, 1999). A& A
BEalgol oF 40 %A RS A, U148 LStz A |
goz H3 7Msd CODE 14 %°]thKang and Jeong,
2008). WEHLE S8 80%< sEIA &8 30%S 1H
s, 23 33%9 AUAZF SgEo] 265 kIim'Y oy
Ag 48 F Uk 1x} AdEYA G JAEHAAA F
& 753 duAY & 2 919 ki/molth I5d oy
A e A AHgEHE AuA 1,620 ki/m’el 3§}
o 56.7 % £33t v golt},

o}T«] AR FAFE HAS S5y A BE
2 12 £8AY FHE 471EE e, A
92 JdAEHAY Yt oiisteiro A%
ofF gttt &, &d<s8A IHeE FYHE 77
.s}oﬁo]: gk E 13 Zol, ek 13k FAZRA

0%ES 353, 1,158 ki/m*e) xS A
o & Ortl 13 ARAZ BEL 80%E To] £gH
398 kJ/m-»] oz Aite] Jhssith ol deAE &
=] M9 1,080~2,160 kI/m* HF <o Eol7}7] o
Holx “o14A] Neutral stFA"E GH4E + 3
o a3y U2 sEed g88 MAskx Redd |
AHoz quA 23} A4S EHE F glth(Heo et al,
2008). ohEh, F3 ofGEX Y)go] AEHY F7] v &
o < 50%7} gdaste spAE ouA 4R At
810~1,620 kI/m* FEE ol EF “oLJA| Positive of
FAE” A 08 2 Fu. =3, ZE 13 A
AAzE olF F49 COD FFo| HAislEr] o] Z7]
ZoA Y F7HEQ1 UR] Z& Mol 7ted Re=ZE A}
sd

)

[¢]

3. Recovery of Organic Carbon(A-Stage)

3.1 Chemically Enhanced Primary Treatment

Sdrdsre AEHY AN AN7] A Fdel 9@
ARHHE AT CEPTE SSAE o &ake] shol E
?:% AL RS 58H o2 SH/AAA = Tl thFig.
o] P& Bl FHY LHEEL VAE, 24,
-4 ’é‘:"’l AA"SG g8ty 24 382 YESF
g7t fle steAg AN 7718, 24, A9 SRIES
%Ol sHAl @4dste 71eR Bol AHEHYIE dth(Wang et

., 2009). National Research Council (1993)< CEPT T4
W TSS, BOD, TP, TNS AAZ &0 27+ 85%, 57 %,
85%, 37%° Zile Aoz BIEYch A CEPTZ
3d F71ES FVE &8E Ed Adsste A4
g7 7kt Jt(Ju et al, 2017; Kooijman et al.,
2017; Obulisamy et al., 2016). CEPT+ &4&8A &89

2 ol

Fatgs 2EFAY, @A afsE §2
o 7]1% FcHMouri et al., 2013).
Ad 4% Zo] CEPT 382

A7 o2 Wg=o] k. E5txA
a5, g0l afHoF dojyx
S 3 &t 2 M E E20] & IHH

WS APtk sk XFE FHEZ S 10~ 100 um
FQ3lH, CEPTE ©] E9]d 6H%*H—’:— 4
2 SRARARELE MY s , 4
Z83 689.4x10° pm’dl mo}oq
30.7 %2 AAR HO]E vhH | Poly-Aluminum Ferric
Chloride (PAFC)—E— o] &3 CEPT+ 813%9 AAZSS
YR tH(Zhang et al., 2007).

—"—Z‘TWOH Mg E 9FE Fe AL gAY FFol
o F2 FEEoY 2R Mol AMgEHT Z=Ro
%}x}t SH}E Ha
Fol2 F&Yo] AMEET Mg At
A EFHE(AL(SOs);, Alum) FET OLQ'E] 57} R
Aol 5 SH/AA 282 Yeha }, gz
22 Al dig F24go] glojA dE A}g-:;m %
A 1A (FeSO, - TH,0)S At Zn|Fol| Hate] 7124 1 A

Al AAEY AZEE7F w2k a8y Fol29 HF
o 93t 9497 FEAo] dojd st5Ao] drh GEulF
ZYn AE 71282 A= ANE 553283 Jtu
485 Al AT olFd A EYH FHDA
Al &80 GE F V] Wi %%} H2AE HArlshe,
HnE idsﬂ(Ca(OH)z) BV E HEYo|E
TAHFEE(NasSiO;), =014 Eﬂ‘ﬂ s

ol SSHA Atgol ErIY 4st TACNA X‘Zﬂ’“‘-"i
g4 58 9FS & F Atk Y 5= IVIE
& Y HAEo] FASE FUE &5t A3 DA
o} Weyg oA PAES AT 5 JHChen et al.,
2008). @714 43 GANA FETFE F= FEF=
yA, 7, ooz gslA lov, A gFulgel dig
%}Oﬂg} 54 AEE ¢ltKChen et al, 2008). o3, S3/4
ol AHgE A &Frlwe] AEY HFd Bad /-
2 AMEE ZoE AgHY, tAIAA ofEA IFS
FE Ao daide Ay AT Do dFolth

HZAA 4elA de CEPT ¥39Y 34 &7 *+&
2 AAE, 718 &S Table 20 JeEFAATE S A
9 BEE oA YeEdA T 200 mg/LE 2FHEA] &
£ Aoz ZAEYH CEPTE Trzlf&ﬂ 7t &olstaL, ¥hg

] e HH}ED% 71€9 12 FAZxY HuAEs F
A& 4 9tk oyt CEPTY A
g9 C EPT7]- z7] AL 7HeE ALRE o
azly CEPTY XE3FQl g2 &84 ~71E9
01 m] - dthe Aotk Table 29 AFAMH A

£ 50% o139 & F EE8S BEAU “dyx|
Neutral stkEAEe 23 3 0% AAEES
Q__,l =}

JeAE Eaio 1530 o8 &
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Table 2. SS removal and COD recovery efficiencies according to chemical agents in CEPT process

Chemical Agents Coagulant Aid S8 Organics Reference
Removal Recovery
. . Poly(acrylamide), . 61.1~68.8 %
100 mg/L of Polyaluminum Chloride own concentration not available (COD)
Wang et al., 2009
. . 56.7 ~64.1 %
140 mg/L of Aluminum Sulfate (Aly(SOs)3 - not available
(COD)
Polyaluminum Ferric Chloride (PAFC), 0.5 mg/L of o o
unknown concentration Poly(acrylamide) 5% 30% (COD) Zhang et al., 2007
50 mg/L of Ferric Chloride (FeCls) 05 mg/L of 85 % 60% (BOD) Bourke, 2000
mg/L of Ferric Chloride (FeCl; Anionic Polymer o o ourke,
80 mg/L of Aluminum Sulfate (Al(SOs)s) - ~35% ~30% (COD)
- - Sarparastzadeh et al., 2007
70 mg/L of Ferric Chloride (FeCls) - ~45% ~60% (COD)
58 mg/L of Ferric Chloride (FeCls) - not available | 75.6 % (TOC) Lin et al., 2017
. L of .
30 mg/L of Ferric Chloride (FeCly) 05 mglL o 60 % not available Poon and Chu, 1999
Anionic Polymer
&4 #71E0] FH7|E A ol A we Al ATF7REo] &s] JIPHa ok
JtFolt), 1 o Z, Haydar and Aziz (2009)2 CEPT7} %
FEA9 98% olds AANAL, &F F71ES T~28% 3.2 High Rate Activated Sludge
e AASte Ao® Baustgnh Table 32 W o9 HRAS 32 A ©AY du3d AEIE 7<2A

FH8/8&8 715 43l #stel TCODS SCODE &8 AE ol&std fV1EE dFste V&l thFig.
Bl Zojtk. S skrolA &Y R7IES 28~42%E lc). HRASS 27to] ® 71&< 1977 Bohnke7} LE S
ettt ol AHde ZA35kd, CEPTY #71& & Adsorptions-Belebungsverfahren (AB) process©] THBdhnke,

2 60~70%9 FAE FHA XKohe AL odgdrh 1977). ol 7le2 vAER FAFE 719 A HFA
CEPTAA AAsA Z& &&H 718l FI3EALY 3, 3 AAZAN dAsExe FHE 78S 45
oftEZL FF #9498 S €2 FHIIAEY 47 = otk ol &EEHA FTHF A FERE VA
< A2 7ksdel ik AHEE CEPTY B HA=E= H, 288 A FAl{H(Hydraulic Retention Time, HRT)]
F71E8S QE St FE5YY 22 7|ute AAAE F w9 #7] wj o] w&eA<Le AWM (High Rate Conventional
23 AgHo oF gt Activated Sludge, HICAS)22 HHETH o]% &X4&d
W g g7 ol &Y RUIES 12 A AE o]l4F & {VE F4 YL A 7R AA 1R
A AN SFEkA] Ratal, diFoE BRATE ofH 2 23 EAS JIAA HYI o9 2L 71&5S HRAS
14 f71E9%s daste AL AUA g s & o2 E4353 9t} Fig. 2= HRASY thEH 24 74
oA w3t Xtk @A FFE GEY /7159 S YE L Qltk £ =EdAe " YT HAE, A
et sgol g BLE AT olFolAck T AT s 4% oF FAL AdsHs WAL HICAS (Fig 20)
wadh A7ls AL FFANA CEPTY S3A T H] 2 31, Y59t A Ee] 884448 5T HAsE A
&, 27 o9, AN WY 25 Y & AN T oA FE2F T 42T 8 HEgEE e A=
e Bty st SFHA AHEE Y & Ue TR 3K Contact Stabilization, CS)E | F5}7]12 IITh(Fig. 2b).
To ZU|RFRY e E¥F AT 7]<&(Mechanically Agte] BE A 824 BEE 1.0 mgL HYE ok
Enhanced Primary Treatment, MEPT)& CEPTel| & -&3t= HRAS ZHL =2 ARAH 471%0bCOD)Y 538
7HAt durAl &R FHY fU1E Fshgel 0.2
Table 3. Organic contents of sewage ~0.6 g bCOD/g VSS-dl ol Hls] HRAS ¥ 10 Hl
Total COD [ Soluble COD [ Soluble/ [ Sewer [ -~ °]’d(2~10 ¢ bCOD;g;VSS-d)% UrEPﬂE}(NieerEurg; et al
(mg/L) (mg/L) Total Type 2015). olgjgt =2 RIE&2 20~30&9 FH2 2y A
450 130 294 not Shin et al., FAIZFS B3l 2drbssith olgA #&AL ARFAIE HA
available 2001 E9 #3 & W E L= XELH(Selective Pressure)
134.6 49 36% | Combined o2 Zgsthed, oy A gstd f71ES W2
245.2 95.4 39% Mixed A gt A8 ¢ de 58 s A A
460.0 130.6 28% | Separated | LK € Al WA 550 o AEL 2ol HAsiEy] G B
2009 = & T T= T
368.3 109.2 30 % Separated = AN A7 2ok AAE S3H(Assimilation) S &) 2
4480 1875 42% | Scparated 2 2 A WA Fromg da 4 A AARE

BIE=8EaR| M4 M1, 2018
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High Rate Conventional Activated Sludge

Influent
Aerobic
Contact
o o ‘o
° . L
‘0 ?,lj’:,ogﬁo:o
—— Aeration
Toward Anaerobic Digestion
Returned Sludge
(@
High Rate Contact and Stabilization
Influent
Stabilization Contact
o s o o
° o‘o —

e Acration

Toward Anaerobic Digestion

Returned Sludge

(b)
Fig. 2. Conventional HRAS configurations of (a) High Rate Conventional Activated
Sludge and (b) Contact Stabilization.

o] FolxlE H7bHQl a3% yehdth HRAS 2% A7 9718 g5 F23 92 3ok Table 49+ 29]
3 AiEE dad&EgAe A8 A2 o)FHY b 54 1FEY 2ol (YA 9% COD FF2 F
© 2 AgHATE HRASS EAHEHA &84 S71& CODY 77.1~80.7 % gt} ESH vtg9 a8 7

@ 5Fl A8 W, B2 0 F5E 971

Mg 10 2 of
1o
e,
ok oo Hrom Lo

AEo] Aete A ES IFAEZ (Extracellular Polymeric

7179 Ashgo] dut JAdEHA BT A vehdrh g Substances, EPS)9] &3 HZAHT) Jimenez et al. (2015)
st g dEseA FANFL GopA e tEHRE £ EPS¢ f71E AAEY &Y FHBAE Eastrh
(Loosdrecht et al., 1997). nME 2 EPS o] 80 mg COD/g VSSY Wl H{/4
g Zstel A 84 18 E(Suspended Solids)2 1.2 pm IPEFY 2201= ARAE 742 80 %S 90 % 7MF AAT
JEZ EFE F Aon, ZHE WAL JE2 &84 F J2E 2359, AW EPS FFS 140 mg COD/g
313 E(Dissolved Solids)Z TEIAH AEHOZE 2 VSSZ uelgtth g, EPSY s HRT 5~30%, 13
ol At} &Y AVIEER EFT & Ath(Jimenez et £ A5 AlZK(Solid Retention Time, SRT) 0.25~2%, &=
al., 2015). &4 ¥71E2 Flocculated and Filtered COD Ak 0.1~2 mg/Le B olA HRT, SRT, &&Akhol| thst
(ffcoD)P o2 ZH5H F2o|=4 471582 ¥ CODA o] o ABBAAZ 7FAW, EPS FFS 0~200 mg COD/g
ffCODS] #g W Xfo]2 AFtHMamais et al, 1993). VSS ¥HE Yl A th(Jimenez et al., 2015).
F=20l= AAY FPH HRAS 3 A& AsIME ol &Y FUIES AZY LEAY FHE AE AEZY
22 PR {UIES BRtd S8 Favt vk of &FdEh dEAQ A% EZ L Polyhydroxyalkanoates
HiCAS$}F CS F ¥4 EF M EZZF(Bio-adsorption << (PHA), Triacylglycerides, Glycogen &°lt}. Kinyua et al.
Bio-flocculation)# A “F(Storage)?] F 7HA] 71&& A& (2017)& HIiCAS ZAA &&204d B2 AZXY AZE
o AEFR g /Y LFEFH FERO=E YAY Al A9 #Wzs Basgdh 05, 1.0, 1.5 mgL &&44 55
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Table 4. COD fractions of sewage by particle size and solubility

Data from Jimenez et al., 2015 Data from Rahman et al., 2017

Parameter
Average Ratio Average Ratio
Total COD 430 100 % 425 100 %
Particulate COD 290 60.4 % 325 76.5 %
Colloidal COD 80 16.7 % 18 42 %
Soluble COD (ffCOD) 110 22.9% 83 19.5 %

% 1.0 mg/LY Z7|Z =M D gsE, PHAY
Fol 7HE =2 AL=E YEwkew, od wa g =
A7 48 g Bgo] A=A

ASM No3dlA BEZF A4 AF7F 06398 oA A
3¢ H7b Utk HRAS Al2Hox e olBt &2 ATE
g5std Joq&dA BiFes Fole o] F83th BE
HRASOIA SRTE 0.1~2.04 WHHAA =t SRT7
9 27, § £8X 990 4&TE 2 A AFE &
4 At} Rahman et al. (2016)2] XR.i1o] w=w HiCAS
27191 = SRT 0.8Y ZZNA BEF A A7t 0.54
g COD/g COD®ll E#3atd o, CS HH&7]e A= SRT 0.3
d zAd A 0.71 g COD/g CODY &2 HEF AA AF
£ g5sarh

Table 591 Yepd Hpe} Zo], HRAS 282 56~70%
TCOD AALZEES B o= CEPTS A A&
ojth, a2y &44&8AVt F9 CODY YFHE olitst
g2 Agsty] g HRASE COD 3¢ &48% @A
A7tk 2822 HRASZ} CEPT Bt Hojd 7)&olg ¥
7het7le AET vEh §71E AA 2 S5 HF Y,
setA| Fojzk "9ax gl 23 o] A7 Wil A&
7hee ttrlse] @ Aotk 59 &84 RVIES AA
g de FF Wi Y 42 ON HE 248
Atk olFA H2 fVE FEe ofE2 TNt B ©HA
8 #E% xHolth. HRASS ofuEX9 AFL
CEPTS A4tsh-gd 9 xF¥rT duz] de] &olsta
2, o]Z E3&] “oUA Positive stFAE"E FFHoE &
olgtAl @4 7hestthal AtsdTh

fo n%

T o

-

3.3 Anaerobic Membrane Bioreactor
AnMBRE ©]&3tH 3149 f71ES HEY FH=

M

Table 5. COD removal efficiency of HRAS process

Reactor TCOD Conditions Reference
Type Removal
. SRT=0.28 day Kinyua et al.,
0,
HICAS | 70% HRT=30 min 2017
SRT = 0.69 day
Rah 1.
cs 56 % Contact: 30 min 2 r‘;a(‘)’l;’t als
Stabilization: 86 min
SRT = 0.46 day
cs 62% Contact: 15 min Meerb;g“f 6“ al,
Stabilization: 40 min

BIE=8EaR| M4 M1, 2018

2 353 4 QItkFig. 1d). §714 #AAd wgds A
AHEEE A7 a8tz A9 E adE sl A &ste
u, 25 gd w37 WollA dEad e ggdol FA
o Yot} 71&Y 7Y &sE9 T2 HE (1) 5
W #712S &FHA &7 WEd #71= Fsbb 9,
T AFAIZE] Aom, (3) U2 2= I

= Aotk o] BE Zo] d7Y &3 nlgEelA
stnz Aoz Ag whgo]l Aoz =Y, &

5

sl w2 MAE $EE FAS =¥ BEws

¢

,\
>
_l
o
o
B
E

db Az e

dk 85% H71E 9
Bet, Wge o8 FALATE 30%E 283
S 1 FFEHsF AUAE 19.5 %01 1,580 kI/m’Q
WA 847} 7ks3th ol CEPT$ HRASSH Hlw3H
< 4 Y YA 34 ZEolth AnMBRS #7]l= &
=7 JastEa, R 95 Ss7h diREE AAHER
ofES FHE AT HHY Tertdeltt. Ty 99
WA A8 A FF oleigez Qld dY
st golA A&7 oA AP AekFig. 3).
ngEe] #EHE AL LA 98 AnMBR2 0.1 pm
FZ£9 "M o (Microfiltration, MF) & o]&3it) 1E
A4 714kl @ o 2= Polyacrylonitrile (PAN), Polyethylene
(PE), Polypropylene (PP), Polyether-sulfone (PES), Polyvinyli-
dene Fluoride (PVDF), Polytetrafluoroethylene (PTFE) &
o] At&Eth ZiEE FFoAE 2P (Fouling)s Al
at7] fle 9AH &2 HAge] Baskal HZEAFK(Trans-
membrane Pressure, TMP)2] dAgt ZUEYPo] ZQ3l}
Doy A9 FH YA EPSO|IL, Zhang et al. (2008)
o] B oJstd EPS9He Xst=7t & %2 PES>PVDF
>PAN £49 ez eyt 298 :F 2 AF &
Al 2] 4ol AT = e, G2 W8S
Besl7] 98] Alumina, Pyrophyllite®t 22 Alzte A<
92 ARES 4 QtH(Jeong et al, 2017). I X FEIAL
FHe 95l mAFT GA 7ol 5~50 um FEL
DTZ(Mesh)E AHEsHE AHIE UATHLI et al, 2017). ©]
2 29 Frxe] F4=EE AEYBiofilm)o] A=E4

s =] H O
Py LHEL]

T, 65%° WeAs g8

2 30 Mo 1 M W O
N
4
10 _]l-n:

AnMBRol4 HRT$ SRTE 718 38
%93 29ARto|th HRTE w279 =@y
¢1xelE] HRT7F 22 COD AAZEL ZopAI AW
WHg7] 8Hel Bestth sty AnMBRE 3~ 124]
Abelel HRTAAM 2953 9tk SRTE H#4 w4

0B o (T
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Table 6. COD removal efficiencies of Anaerobic MBR processes

Membrane Type | Influent TCOD (mg/L) | Temperature (°C) SRT (day) HRT (hr) |TCOD Removal (%) Reference
3 91
PE 460 35 Infinite P 9% Hu and Stuckey, 2007
PES 440 15 300 16 92 Smith et al., 2011
Dacron Mesh 302 10~15 not available 8 57 Zhang et al., 2010
11 76 ~ 81
PE 383 ~ 849 15 145 3.5~5.7 85 Chu et al., 2005
25 > 90
(Mixed Liquor Suspended Solids, MLSS) ¥=& Z733} AZFd AFsE 100 %E 245717 o|8F 2 ke
Aot} SRTE ZA AYstd MLSSS 5EE =4S ZEAQA AV Sk wEA st FAEA e
A, Z2 HRTIAME COD AAZEE] A 4#AT + #7l=S AU o] AF HE 7 FH(CEPT, HRAS,

o 28y 2 MLSSE Hede Asrymz
AR/ desit EFFOE SRTE 309 o)A
2 FA AL, MLSSEEE YAlE 3 g/LolA
20 g/L7HA] A gt

Table 6°] 3=t AnMBRS COD AAZEL &st
#ch A2 AnMBRE 2%¢ 914 9FFS weth
Hu and Stuckey (2007)2] Rie} o], 35°Ce ZF oA
Al A1Ze] e HRT Z2AAME 90 % ©144<9 ¥ TCOD
AA &8s Btk AT 15°C )5ty g2 2= e
16A17t} 22 70 HRTY ZZoA T 90 % ©]4e] TCOD
AAZES 9E F U, &S HRTYIA = TCOD AAR
go] Eorgs] X TtHSmith et al, 2011; Zhang et al.,
2010). Chu et al. (2005)8] B8} o] 11 °CY 4 &
TAME 75% °]49 TCOD AMAZEES YeZIE &
ok A71&9 FHEA, F2 & RUIEY TEE 559
71 9% Fgo 2 ZAF(Forward Osmosis, FO) Z3Fo] A

2 4 Atk FO @A wrEFH Alolo] gt A<t
Fotol 22 =890 YRI5, &Y FFoz

Al

Al

=

T8 =% o)Fstrz PR 1JER &Y =22
o N

[

o

.

X

)
i)
o 4 e b ol

M
X

714 EZHHth(Wang et al, 2017). =& T2 O|FE,
2= A Hee &= FUkste fEF T
FE&4 vEes JFsA Rae BAVF A2 EaEHA 9
o & 2, $84 We sX7) 35 25, 15°C ZAA
27y 158, 205, 260 mg/LZ UEtTHBandara et al,
2011). o)H S &4 WS SFdhs Ve s B
IzFHI AFNge] AP ok

L.V S

4. Implications

FFFAAE 2010 [UR] AFs 712AD]S S3l
20309744 kA AlAY oA AHE 0% BHE
EEE st eH, A AE g g AAAAA A
A& AEH LR FR8kL JTHME, 2010). A AHE
50 %S Z7] 4T Al B biolertio &g, 4
W 2de =4, $F719 Aol Fad 79E it
(Energy Daily News, 2017). 28y £ AT AHE
ihs gol, BHEHA BUL o] &} JEAFORE H5

AnMBR)9] @7 H&o] stFuE] o]Fojxjor & Aot}
olE s e SIS AGAY FEF A R A=
7} Hogk AlFolth. fH AT Horizon 2020 Framework

Programme®] YOS Z “oIX] Positive SHFAE"E &

> b
3 Qth 2015~2018d &< JAPHA Qe B Z2A
ogA ANFAA AFF 71&F ke A A
A9 AEIME AEFHoE FAS AT WX np s ok

TS 2ERF F7F 2D APo] wEH, 9 J&
oA 9 I Alge] FAHE AL AL Yoprt &4t
Ao A BAHG FaofF ot

AHEE e VeNEY =¥ {U1E S5 ¥ ok
1A A|l2Ee] XS Be g Finh 85% ol4Y f71E 3
€ HolE AnMBR 238& EYsiHsE 58 &
1A E el A] ZAFY 20 %) 1,580 kI/m’

1

o
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Ao rr b
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= e
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Profbo 2> o %o 32 Ay
o

ok, dRYol 5 B&E A H &
g3t 59 #AE Ao & Zolth dyXA
sdv AR A Wl 2A4
2825 17144 H7IE WL AER A&
(Nowak et al., 2015).

AR 27 Ao i FHY oA AZE o
T 4% Ad4Fs k. steA g AuAdS AEsE
Sl ol= BFEY oA Ao Jheshu, S HIE
AZE 7HAE ohEA TNt ALAA HeEudel S
s oF gtk 7|EY AAs-gd FH(2.8 kWhikg N)ol
Hls) ofubEA FFL we W2 olvA HE(1 kWhikg
N)S Yeld th(Szatkowska and Paulsrud, 2014). o}& A2
4, 34 "AE Aol £ § Aok & EAT
7] WEed FIFAL ohEE FHol 7] HEE F
= stk 2y ol EA7E F3AG HEHUES Hol

>

O\IF_?_'/“

= =

2
4z

tfo

Wl o
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FEHe qd BAH 2
tH(De Clippeleir et al., 2012).
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