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é Abstract

This study examines sewage sludge resource recovery practices in Fukuoka and Saga
cities, Japan, as references for sludge management and net-zero transition in Taiwan.
Drawing on Japan’ s Basic Plan for Promoting Biomass Utilization, the B-DASH
Project, and the 2050 carbon neutrality vision, it traces Japan’ s policy shift from end-
of-pipe disposal toward energy recovery and agricultural reuse through regionally
coordinated facilities. In Fukuoka city, the Western Water Treatment Center produces
solid fuel via sludge pelletizing and thermal drying, utilizing digestion biogas and
waste heat to partially substitute coal in cement kilns, processing roughly half of the
city’ s municipal sludge and reducing CO2 emissions by over 10,000 tonnes annually.
The Central Water Treatment Center focuses on biogas power generation and waste
heat recovery to improve energy self-sufficiency, with further development toward
biogas-to-hydrogen conversion. In Saga city, YM bacterial ultra-high-temperature
aerobic composting processes the city’ s entire sludge output, yielding 1,400 — 1,600
tonnes of compost per year at lower cost than incineration, while recovering
approximately 50% of nitrogen and 80% of phosphorus. The city also manages
seasonal effluent nutrient levels to support nori aquaculture in the Ariake Sea,
forming an agriculture-oriented local circular model. These cases highlight three key
directions for advancing sludge resource recovery: tailoring pathways to regional
industrial characteristics, establishing public-private partnerships with long-term
offtake arrangements, and leveraging pilot sites to build technical and cost evidence.

ﬁ Keywords: h

& Sewage sludge resource recovery
& Biogas energy utilization
@ Aerobic composting

@ Nutrient recovery

& Circular economy
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é Abstract

As core infrastructure for urban public health, sewage treatment plants face
severe challenges from extreme rainfall, global warming, and sea-level rise, which
systematically undermine facility stability. Traditional "steady-state" designs based on
historical data are insufficient for addressing highly uncertain climate risks. Centered
on "resilient design," this paper explores climate impacts and integrates international
research to propose comprehensive adaptation strategies. Research indicates climate
change decreases treatment efficiency, increases energy consumption, and triggers
public health crises through overflow events. To enhance system resilience,
comprehensively configuring equalization tanks by facility-specific conditions and
risk assessments is recommended as a physical buffer to effectively reduce peak flows
and stabilize performance. Applying high-precision mathematical models
demonstrates that parameter optimization can predict and stabilize operations under
extreme scenarios. Regarding energy resilience, utilizing high-efficiency interception
equipment to enhance primary sludge anaerobic digestion substantially boosts
methane production, strengthening energy self-sufficiency during power outages.
Life cycle assessments show that integrating decentralized systems with low-energy
technologies (such as fixed-film processes) offers superior risk dispersion and carbon
reduction benefits. Considering Taiwan's island climate, practical recommendations
suggest moving towards a hybrid "centralized and decentralized" architecture, while
promoting Al-driven smart early warning management and disaster-resilient
microgrids. By combining hardware buffers with intelligent software monitoring,
sewerage systems can ensure stable operations under future climate stress, achieving

carbon neutrality and water reclamation goals.

ﬁ Keywords: h

é Sewage Treatment Plants
@ Climate Resilience

& Anaerobic Digestion

¢ GHG Mitigation

. @ Adaptation Strategies
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é Abstract

Facing the dual challenges of escalating global climate change and aging
infrastructure, the conventional "passive treatment" -oriented operational model of
wastewater treatment plants (WWTPs) has proven increasingly inadequate in
addressing the growing complexity of compounding risks. This study aims to explore
the core strategies for modern WWTPs to build "operational resilience," driving their
transition into Water Resource Recovery Facilities (WRRFs). The research proposes
three major management frameworks: (1) Water resource adaptation: mitigating
regional water scarcity risks through reclaimed water reuse; (2) Energy resilience:
constructing microgrids that integrate green energy, energy storage, and smart
systems; and (3) Predictive asset management: establishing tiered monitoring
mechanisms to shift maintenance from reactive repair to proactive risk prevention.

The Douliu Water Resource Recovery Center and Hugao WWTP in the Yunlin
region serve as empirical case studies. The results indicate that the comprehensive
implementation of a digital equipment identification system (QR-Code) reduced the
average abnormal response time by 30%. In terms of hardware optimization, the
Hugao plant optimized its blower air pipelines, achieving annual energy savings of
657,000 kWh, and utilized the Energy Performance Baseline (EnB) to promote off-
peak operations. The Douliu plant introduced a sludge dryer and installed a rooftop
solar microgrid system with a total capacity of 499.2 kWp. The study highlights that
although the microgrid is constrained by weather conditions and limited plant area,
preventing it from independently supplying the plant's entire energy demand around
the clock, it generates approximately 603,000 kWh of green energy annually. This
stably replaces nearly 42% of the facility's daily electricity consumption, significantly
reducing reliance on a single utility grid. Through the integration of digital

management, predictive maintenance,
and proactive energy strategies, [ﬁ Keywords: A

infrastructure operations can be

@ Operational Resilience

effectively secured, concretely @ Water Resource Recovery Facilities

realizing the sustainable goals of & Microgrid Integration

net-zero emissions and a circular economy. & Predictive Maintenance

& Energy Performance Baseline
§ J
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é Abstract

With the global push for energy transition and net-zero emission policies,
developing the vast hydropower potential of public wastewater treatment plants has
become a critical issue for sustainable development. This study focuses on the
"Central District Wastewater Treatment Plant” to explore the planning of micro-
hydropower generation utilizing its massive and stable effluent resources. Operating
since 1987, the Central District Wastewater Treatment Plant has an average daily
treatment capacity of 750,000 CMD. Furthermore, the inflow of domestic wastewater
does not experience a significant decrease during dry seasons, making it well-suited
for installation.

Referring to the "Technical Reference Manual for the Planning of Small
Hydropower Generation in Hydraulic Structures" issued by the Water Resources
Agency, Ministry of Economic Affairs, this study evaluated the power generation
potential across various locations within the plant. After calculating the design flow
and design head, the effluent basin on the east side of the south chlorination contact
tank was selected as the development site. Field measurements and evaluations
indicate that this location possesses an available hydraulic head of approximately
3.40 meters. To maximize power generation efficiency, this project adopts a (20+30)
kW dual-turbine configuration, replacing the traditional single-unit design, to flexibly
accommodate flow fluctuations during different periods.

The research results, based on flow data simulations from March to October
2024, indicate that the dual-turbine system is expected to achieve an average hourly
power output of 49.16 kW, a maximum daily energy production of approximately
1,179.93 kWh, and an annual energy production of up to 389,377 kWh. This project
not only realizes energy recovery from effluent and significantly enhances the plant's
energy self-sufficiency, but also establishes a micro-hydropower development model
for wastewater facilities that complies with official technical specifications. It provides

essential technical guidance and [%
practical reference for domestic Keywords: |
water resource recovery centers to @ Micro hydropower
build similar systems in the future.. & Wastewater treatment plant
& Vertical-axis type water turbine
. J
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é Abstract

Across the globe and in Taiwan, water scarcity is placing increasing pressure on
industrial operations. Although Taiwan receives relatively abundant annual rainfall,
precipitation is concentrated during the plum rain and typhoon seasons. Combined
with the island’ s steep terrain, this causes rainwater to rapidly flow into the ocean,
leaving only about 18% of rainfall available for storage. In recent years, extreme
climate events have further reduced the number of rainy days and increased the
frequency of droughts. To mitigate these risks, water-dependent industries have
actively adopted wastewater reuse technologies. With the rise of next-generation
water-intensive facilities- such as electric vehicles, battery, and semiconductor
manufacturing plants - the importance of water reclamation has become more critical
than ever.

This article explores that Moving Bed Biofilm Reactor (MBBR) technology is
applied to help clients develop efficient and cost-effective wastewater reuse
processes, with the goal of achieving zero liquid discharge (ZLD) at industrial sites in
India.

During five months of commissioning and water quality monitoring, the results
indicate that even without activating the ultrafiltration (UF) system, the MBBR system
consistently delivers excellent effluent quality. Key water quality parameters meet the
reclaimed water standards set by client and local regulatory requirements.

These results validate the MBBR biological treatment system’ s outstanding
performance in treating and reusing wastewater in the manufacturing facility. Its
advantages, including operational simplicity and low maintenance costs, demonstrate

strong practical applicability and significant reference value for the industry.

[% Keywords: h

@ Moving Bed Biofilm Reactor (MBBR)

& Wastewater Reuse

@ Zero Liquid Discharge (ZLD)

@ Microelectronics Manufacturing Facility
¢ India
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{EEBFEHE (COD,) mg/L <400
4(LESEE (BODs) mg/L <300
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BEMELHBED  BERsMAER
e B4R ﬂ@?ﬁﬁ’ﬂtﬂ7k7k""7ﬁ?%i’_i
ERREESE AEEHELESR

B BRREREMS RFES %lﬁﬁ

IE Iz & 25 (MBBR) -

*2 BEWKKREEKERE

=Y N ] Bl IREE AEEHE
HERUIRE o Rl R KERE
KR °C RIBRE | RERE | RERE | BRERE
pH 5.5-9.0 6.5-8.3 6.5-8.3 6.5-8.3
{EEBFEHE (COD,) mg/L 50 -* -* 50
HIEESE (BODs) mg/L 10 10 10 10
22 EHRS (SS) mg/L 20 -* -* 10
EE NTU -* 2 2 2
% (NHs-N) mg/L 5 10 10 5
TREREE S (NOs-N) mg/L = 10 10 10
#E (TN) mg/L 10 10 10 10
#at% (TP) mg/L 1** 1 2 1
ENtEYiE (O&G) mg/L -* 10 10 10
N L] MPN/100 mL 100 -* -* 100
G%E mg/L 1 1 1 1

* RER, R B A A R BERUR 2
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_Vﬁ&;m‘- A = BRABEKREMEREZR(MBBR)RAME FRIEMAKIHMEZ
/J\UE == SKEIREAZHREFRS-UEEBRIEERERA

o S Y

FRMEBE/) - HRREESEAER
SRRIRZBIE - fre il B E S =i
Rz BEROBRERTTASL - HHZEBA
fR-FREAIREHE  BERAFE(ES K
REBREUAREMARFAR - KEI5K
T EIBIRAMBBRAAETT -

E2 - MBBR7T 48

MBBR  (Moving Bed Biofilm
Reactor) BEREYIERISKERR T -
REMMAIEF£30-70%0 2B EEHER
MEMERE BB AMEY S BARMN
EEEFIREINERFRE L AU #BA
W4 - ARVEM TR B 2R 4 15 2 B RY
TYRE - EYEANRZERRESEE
1002250 mg/LE A - HRIERERE
M5IEAR92,5002 3,500 mg/L - TMMBBR
EEEFOBRARSEENRE - FEE
TYEEEZBRY|E amElt -
MERRBEELEYRARE - BHEEFN
TEMEERY -

EEYEEMELH  BROFEN
EolRROEPEMERRGPP) - E LM
EHEBEREMS  MAMR - MEDNS
M= - BEEYEIFERMENEREHR
TREENZRENERENERIRE
MR E M E M & & K A Wi e #2 )5
Y -

BUR M5 RIAEICE - MBBRERE =
ZNEBER . (—)RB=EBEND ;

() BIFEEBERFBEGSRENTE
Bt ; (=) HERIZAIBOM F5ER Ik
WEEREHEKKEZENBEE ;
(M) BEEEBRSHISKKERKERE
MWEE] - HERBRAMBREREMS -
MBBRERERERE - ANNHEERK
BIFR#E FARENS  FALEEGES
ZFRIFR -

MBBR & &t fE R EM S B H R -
ERABRSHIERAR  EEEMENE
ENEENREBRBERAEREZHNEY
B2 MEEMENER - RRBDED R
BRNBB A GHETS - B0 75 KNE
HEENAREREY  WE1ZRAREY
RRER P ERAVBE -

REIE - EMEEENEN TR RERR
BEORRRERER MEEBEEAZREH
BUOHERAZSH -RIABKPEER
B -AREaRE REREBEHOKRELUR
EVEEESEMOTE - BT ERR
BOD = - H{ERMIBRNEE RS % -
ERRMBBRERE RSP -

f - EBERE

REZFKEERBNBE2FAR - B35
RE - EYERE - RERERTERK

o

o
AIRIBRME S EKRA - HIFES
it~ ARHESS M~ SRERH  SSKRAIEEE
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Thd - L&A |
REARZNM ToKEEMISH RATREE RN  SIEF 2 TR ESE R j{ﬁgﬁﬁ%

*3 FAREEVREEREZEZLER

EWS R B4R (MBR) gﬁiﬁfh
BRI 16 5 chig
A x n m
R A EE 6 16 =
BIRE AR 2 2 =
S RE 2 2 =
BETIE = 2 =
AR M EER = = 2
B BB = 2 =
BRI = = 6
koK E p R =T

1 7% MBBR ¥ EEEAEMENERIENR

NaQCI

3 3 3 3 72K
R

2 ARETKEERE
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V%Eﬁw B FE 75 0 A 40 B 2 22 (VB BIR) 12 74 14088 7 05 PR K BT
X I S KE R EAIEN - RS TR EE A

TR R 7(&’] RRYMEEREER - BE MBBR /& I R 18 & 5 & R B BOD = R 1F
ARRETETKE &7J<EH}E% ° ¥ UBEEEEBRDAMEREBNLRK

G - BEINAICBER R Z R
TR R DUR AR T R K B f80% B B2 RO 5 BR A

MmEZEBMBBREYEEE T (IR5
B KR EFFESREL ) E—L KT
MAEHY) (CODKBOD) Baa - tHELER
REFTESRY - £ MBBR HEZEB KR EVEBEIUBHRIL K - AlE—F
BOUBOEET - A RINEEBEERS D 5 RRERIE - DURRED BB KHIRE -
H-URRSHMZERUAR - SR EAN HREESMmHEREEFIER  AERHAEIR

_+

&l 3 Zlimiﬁiﬁ MBBR (H '5&) BEREY R ER M IEHRE

B 4 ZAFREMBBR (HF&H/MHEM) BEKREVERERKRREKE
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b

(URTERREREE T  LAMEEKE H ( g0 COD ~ BOD » NH3-N » TN ~ NO:s-

BERBE  BHKKEEZEZSIELRAK BERANBRE ) BEERETERIUUKR
Y KARSE - RKR£E - BHKKERE ; MRRETHE

$7J<Jﬂ A& FEE PR RAER - EE
BE ~ AR A
RKEBRRTTEY - HAlES100%1ER
B POE KK S B EAF T . EE /vﬁﬂ7J<iK?$7J<1§ﬁH BREMEIKEKE

FATBA - EARBERESPED A RXEARZER -

#2,500 CMDRJ &7 - — . (cEESE(COD)/£(LESE (BOD)

s

ERSERIET - RAZKE - 5 1 E16 % (Bl 7 ST #5228 s st PO
WT - EREREDERETUDNER  meem(CoD)REBERWNELN my/

b RROKBENGRBAMBESAR - | f4 (858 BOD) IR 305114

EEPTEREL EXANNESKER  mg/ 26 - @ERBWERE - KN
BHREEES  KBRERIE £ RIEE) CODEIBODEEREFE T ie - Bi2E e (Lis
g HEIEKERW K PREE B AR RIBTE . 4 288 B F /Kt o iy COD &2

A RERED M L BRI R MAER BODEEE A 5 Bl#4 730 mg/LEA
BEANSE BEEBNSKETEZEHS

x4 ERERSKKEKSE

BEEKKE

e m>/day 600 ~ 2,500
Kim °C 27 ~ 30
pH 6.8 ~79
{EEBE&E (COD,,) mg/L 70 ~ 200
4 1{EESE (BODs) mg/L 30 ~ 150
RZERS (SS) mg/L 40 ~ 200
&% (NHs-N) mg/L 04 ~ 25
@S (TN) mg/L 10 ~ 35
#a (TP) mg/L 0.2~10

EntEm (O&G) mg/L 5~ 60
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FEFRBENR Y05 = 28 (MBBR) 1R A M E F HIE MR A KM Z
BKERAEZHREAFRS-UEERRIEEERA

KBEREN

—_—
MBBR
FHIEH

¥

R o L C T S
s |
e |

MBBR h N i :Aa;a?;m = ek

12 Fit B ot

5 EHKKEMNR ( REXE UF)

CcOD
240
210
180
—
S 150 vw W ‘\NAIMV\'
£ 120
a
8 90
60
30 M/v v
0
1/20/25 2/20/25 3/20/25 4/20/25 5/20/25 6/20/25 7/20/25 8/20/25
Date
—Equalization Tank ~ ——Reuse Water /Discharge Tank
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Thd k&L HMA -
REAR =M TKEEMEIRA RATREIER - SIS 2 TIRBE BRIl 7Jk%$ﬁﬁ%

mg/LLLF - IEEIE 2 IRMBBREY) EIEE — - &4 (NH;-N)
FEERCODKBODRESEERBREH

BRRL °

BODS5, mg/L

NH3-N, mg/L

TaRAHE (MBS ) - HEEmhg
MR =REEENR10217.6 mg/L - &
BODq
90 ° .
75
60 L ] . @ L ] L ] 5 s
45 . e "t
30 . s
15 .. .
0 . . o e L s ® 8 8 @ * @ . .
1/20/25  2/20/25 3/20/25 4/20/25 5/20/25 6/20/25 7/20/25 8/20/25
Date
* Equalization Tank » Reuse Water /Discharge Tank
B 7 BODsZ2#iBZE
NH5-N
20
18

16
; [[\MWWW*M
10

8
6
4
: - ]lﬁr\_ﬁ —
1/20/25 2/20/25 3/20/25 4/20/25 5/20/25 6/20/25 7/20/25 8/20/25
Date
—=Equalization Tank ——Reuse Water /Discharge Tank
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PN /m- ERABENREYIEREZR(MBBR)IEFAME FREMAKIMEZ
jﬁﬁﬁﬁ BKERAEZHREAFRS-UEERRIEEERA

BEYEBEREREBOIPHNIAR YR PNRRRELLISE20
EoRE#ITEL mg/LLUN - BUBAERE mg/LE%A (NEL0F/R ) - BEEHLE R
T~ MBBREMEBZGAEBUERS RERNTNE SHRBREE#IFEL
B mg/LLLR - HKKEHEHIRE -
= - HHEEEER (NOs-N)/#SR(TN) M - & E (Turbidity)

HEEEER(NOs-N) WERMRZ RS EAEERE (MNMBELIMR) - B#E

RiKREHNEERESEX - AEIFIR - ¥IH MEBITIER - BIEENEKRE R
KepiEEEEE R (NOs-N) FITRELN S 13.6 BERBEERE  EARLEBEHERFES NTU
mg/L - BEZ KR AE M (MBBR Pre-DN Tank) PUFR -

th A | RV RE - K P RO R S B | A

T MRGRET  SnERERER T RrEE Col)

KPR ERRE - ﬂ%&?ﬁ mg/L A =SEAKETE YL - 5BRE
& FEEFEIAKSE P 7K S E 38 B R D 2E . O] 18 K B AR B (E.

Coli) £ [B] A 7Kt o Y52 & o 2 21/ [O] A 7K AR

NO;-N
18
16
_, 14
S 12
£ 10
z
1 8 V\J
G - =
1
2 V‘VW‘ AR LN
0
1/20/25  2/20/25 3/20/25 4/20/25 5/20/25 6/20/25 7/20/25 8/20/25
Date
—Equalization Tank ——Reuse Water /Discharge Tank
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TS EES TS L o
RELARE=M TKESMIEA RAREE RN | HHEA 2 TRBSE R 7Jk%$ﬁﬁﬁﬁ?

TN
35
30
25
S 20
(@)
E 15 AM[\‘A\,
4
=10
i
5 !“
0
1/20/25  2/20/25 3/20/25 4/20/25 5/20/25 6/20/25 7/20/25 8/20/25
Date
—Equalization Tank —Reuse Water /Discharge Tank
E 10 TN 2iEZE
Turbidity
80
70
60
2 50
; 40
2
5 30
2 20
-]
= 10
0 — , A_ A Y | A [ ]
1/20/25  2/20/25 3/20/25 4/20/25 5/20/25 6/20/25 7/20/25 8/20/25
Date
—Equalization Tank ~ ——Reuse Water /Discharge Tank
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KEERE

#100 MPNIXTF - MEI12Ff7 -
R~ fEE

REZEHHA MBBR (Moving Bed
Biofilm Reactor) #1il7 - 1EEE IR W& = EE
KEFWNEMEBENEE  HBERIEFW
BRI R AR MMT

—  REMARE : 22 MBR IDALLE - H
REMRBHRE -

- ZigmumE)  FIFEBERERE
MI5IEER 50% - FFERSARZER
RIZEK -

= BRERGEERTRE : RAF AR

2,000
1,500

1,000

in 100ml

500 “

O A

ERABENREYIEREZR(MBBR)IEFAME FREMAKIMEZ
BKERAEZHREAFRS-UEERRIEEERA

E. Coli

R AECEHERERE  AF5k
B - RIFE S HEERTRE -

 BRRIERM : 1500 MBBR =48k
RUIEFER - BIo/BMEYEENSE
K& - ABBRLE -

MERIFEKE S ERER

EBEUERS  TBHKKEZE (W
COD-BOD - & - BERABGER
%) HHE BEFEEFUASM[G
WIKAIZEER ZESK -

-BRRESMASEREEERMEN ¥
EHKOKERBEBEWERMLE - #
MBS - LKRE -

A

1/20/25 2/20/25  3/20/25 4/20/25

Fecal Coliform

12 KEBEREZSHERE

ﬁ

Date

5/20/25 6/20/25  T/20/25 &/20/25
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— - &EXREE UF 24801 - MBBR Activated Sludge Using Media-
ZENEEKERAEZHE - Supported Biofilms" Page 61-64.

ICERE—DERE - MBBR £ RE
AmERSKEERAL  BERRBEREE
EREEWEE - B EBARY SRR
AN EBRAENSHIE ERRGHER
HRUBRIFRIR - LN R B REE R EE
EEEEBUBREBERAER K RER
MBBR ¥R I H 745 Rl 8 AR B EEE K
WEYRE BEEBRENERED  Ld
ERHREFRATERIRIZEESE

&1 -
e

1. Metcalf & Eddy (2014),
“Wastewater Engineering-

Treatment and Resource Recovery”
Page 1,015-1,022.

2. Hallvard @degaard (2006),
“Innovations in wastewater
treatment: the moving bed biofilm

process”

3. McQuarrie, James P. & Boltz, Joshua
P (2011), “"Moving Bed Biofilm

Reactor  Technology: Process
Applications, Design, and
Performance”

4. Dwight Houweling & Glen T.
Daigger  (2019), "Intensifying
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M fak 5 B3R L 7K B R B U4 o 2 61 B R

ZIS RSN (AD) BB H I (ACOD) B L - BN ABESAS Y
BREXBPRARMEIFE UTHESXBESTHEBEESIE M HEEE
FEBEN - MRES KR IEBERKETE—SEBEADRE  LIEAFLELHERE
EREETR  ADRKTREEBBANEZEEESRE  BREEPEEXRHLERD
KMMEAR - BB 2T  ACODBERAREHEER L EOHBEEFHENUE B
ZRAERBEXEPREMEN  HEROUNENASE—EBEADZH 1S -
NEHEHBERER AL L2 A ERBERGEAHENRFIES Y
EERFEBAYS BEEERAUANKEE—HENLRITBRAZKEE
M BEMS  ACODIEZRLPFRERVEHEERLUCE N - EHEIERB
BEYERICEBELRER I TR -

A= EN
@ AERVERIE D EIRR . Cass)|gEAS) /e sE
@ FEILEL

d PlrEx D 2RF? - HETHEKBE/BE
@ BEREREE
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é Abstract

This study evaluates anaerobic digestion (AD) and anaerobic co-digestion (ACoD)

A== A 8=

R SZ 110

for biogas and methane enhancement from organic waste. Municipal wastewater was
used as the AD baseline.

Results show that AD achieved stable operation but limited methane yield and
energy recovery. In contrast, ACoD significantly enhanced gas production and
methane generation through substrate synergy, resulting in markedly higher energy
recovery than AD.

Operational conditions of the ACoD system were consistent with literature-
reported optimal ranges, indicating improved stability via substrate mixing. Overall,
ACoD demonstrates strong potential for improving methane yield and energy

recovery in organic waste valorization

[ﬁ Keywords: )

& Organic waste valorization
@ Anaerobic co-digestion

& Methane yield

& Renewable energy recovery

@ Municipal wastewater
- Y
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= Als

BEZE B AR RBUREB) B BIR A IR
b AREBEEY ZEIRIETN BZE R
RIRETRUERSEAINEERE -
BR &8 (B 1 i 3= B 5 22 B R EABE IR [B] WX TH
B HPBRZ2EREBNAEEENS
BREBENZBEREREMN - ERZRMEF
B 3 B & &8 1 (anaerobic  co-
digestion, ACOD):ZBARIEERB 7 E%
Bl bR olEE—EEo
BEEEZIARE METEABNES
BEN A SRS - EMRARFIEE M A
ERVE HUEEEZERARZ TAMKE
BYBRIELH -

MAEMACSEHBAKATROLR) ~
HAGEE A~ BIEL(F/M) ~ pHE E B A
SRRBEREETRS  LRBEAEE
RBBLUFEARRESEHERIER
BREMBABKREL ZTE - BESH
RATERAZEEREERERGEAZE
@ SEXEDUEMALEREE 2 B#F
B FREAKKRTABLEZEE -XK
m- BREMEZSBRERE-—SHELRE
ERRE - HEGRD B RZ /SRR
HES - EREEUHBOWMERNRR
MR BEEWE - BEXBMEILHIL
MWL - SEEREREABHNE
BRAUER  ROBRIEFREZSEREAER
REBENHES - EEREWEERRNLRE
EREEREIUTSZR -

BIEREHRELHCBREEVEZRE-

MRS BE K EIREIUL PO R ERE

Bl

REMESR  AMRELHAEE
STk P A [ R AR 1% 14 2 ACOD B U RY %2
2 RESHRESHZEZRFFeBlE
TESHH - wIEER L ERNERPR
BREZIBERERGEELARM - B8R
HEBEFSHEEERXMEBENGESR
B UEEZRNZABRNPHRERET

T

& op

B g DA ERARZENEEER
W BBXNEESARBRE - SR

EEZEFRGEEREBRMBEZE
o RHEEEBEAALRG BRI
iz -

&l - XAl

SEBRERGEHRELBEARNZ
TE TMRFBOFHBXMPIERZ
FRBRFSH  UEBEIMAMEZRZE
HEFER - BEMAZILBENER - &
MIBEM AP IR ENE SR IRA G BRIEIR
HrZeE HERRERBES BRI
ARAREZEEABRRTZN  IBEES
EERZME -

ERZBRIERFF  pHREZEREH
thEXEZHERZIRIESE  HE(
RERFEKE EREEFREEZM
EYEMY - XEIEL - KRHEEMKIER
HERPpHA6.0ZIRIE - M E T b R
6.5-75RRERFHE , EREEEP K
EDRIF#RpHE5.0816.2 - DUBRE
f S B INBEE HEE (Leung and Wang,
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REARZM

2016 ; Gerardi, 2003) - AL - pHZBE

e 5 P TR IR S I R I B 73 S 1T 2 A
# -

A BREEEBEREPE R MR
(VFA) BRI B 7 BN RS L - RISELEZRMR
BigFe - MREL - EXEFpHEELRS
TABRURMAREEE  NFEESES
BE NI IRETHIE - FINEZEASVFA/TALE
BE#FR04ALI N (Feng et al, 2018) - ZiiE
2970 meq CaCOs/L ZIRE - MIRHA %
M B ) 2 Y (Appels et al,
2008) - BRI B TE M AT 1 FE 3= BR BN A
PHEIEE S =S 7 EESHRIE -

bR EIRIBIEGISN  BEEUHENAF
BHEUERZEEZERER - WRRBRESE
BEEFSEKBERABED L NE
N -SHEZRIAEREABRS ZE
B BAREABEHELEYORESE .
= 7K B PR B AR A SR R PR D B - b
BEPRER NAZEREL  WHWEE
BEREREERENEGREEEET
HB1E - LSRR EMNE(Manyi et al,
2023) - HHEME - SEMBIREE o AR E
4VFA - BERBLEAIEAS - TholsE R
MHPBEYEBEMERZARING - EME
DPRWRER - AN BBEEBEEYHELEZ
EBYR AR Ol 3#462 NmL/g-VS - M & m
EBEZYRERBERYBEENNEY
H#l - H PR E X E106 NmL/g-VS
(Llanos et al, 2024) - & 2T « FH1E

g | |

i

RKEEBAREEENEEEMENKRLIE
HE O BEURAZRKECEHEPRE
R IHRE—EBEHLEPEROBERS
PRS2 (Poulsen & Adelard, 2016) -

ERBANSEFTE - KAEE(C/N)B
MM EYNE T 2RISR - XS
RIEFZRC/NLLEFIFR20-30 28 - DI R
BEEHAZFRZEELLHA(L et al,
2011) - AEIREZEEHEREER - Al
MR REAREZYEGE R 22-25 (Bouallagui
et al, 2009) - —MBHEEYAIZER20
-3527 @ (Lee et al, 2009) - EC/NtbiBS
/- BRARCBERGIMEYER ;, RZ
BENZGENQERBBLANFHERRE
M BREE ZRBIEAREE R R R
BEEAEERE -

E4h - B a2 (OLR) Bl 2 it iz & 28
EEMNRBRNEAZ ZBERNEERE - B
ERSOLREMREBAEREN  HEB
BIEMHEES - IREBUK AR A E R IR
RERPHREREE  EMEKVFARTE
ALkt - EMANSI R E & - SRR
B AERERERGE FIEZZOLR
HEBAMER  BRRAABIEENOLRAY
%#33.0-7.3 kg-COD/m3/day - MEZ4%
AITREFRRSEE - 9/53.0-144 kg-
COD/m3/day (Hu et al., 2018) - 5B
Bh - ERIVSHEER  BREEBRKRG
MZE&REOLRDRIZNSH1.582.5 g-VS/L/
day (Liu et al, 2017) - BRBIEREEE
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= A/ RIERGHRELBHEARBEVNEZRE-
zk%gﬁﬁﬂw XA S EE L K EIREUL 0B EREE

BRMEHEFEOLRNEEREHE -

fma DM RREETE - OIER AN S B R
BERGEsERNEZZEHER - B
RICMEREFERG - B2 ZpHAZES
RENHIFRERE BEEABEC/NIDR
EREBYE  MOLRAIFEREICE(LRE

AEREN  BERUERPREREZ

B A

\

HBERERERARS  MAHEHSBERE
TEEERLANMEZSRER - WiE—F
A EH P A AR IB B EREIR B U
@ ERBIFRGE AR REUREAB L
DT ZERE -

2 MRS
— - BEME

Kt R BRE B EH BT ERAZEE
- REEEILMREAMEKEEZR
BRER Rt ZEFREMER -

R AR EEHEHMH AREERR
BENZEE alRURESKKRIZEE
KBHEBREE  BEKERBERETHEE
BE  UREEBRES KA IFEKER
B EARERSHIRME LB ILEERE
REROIUW N ES ERERE -

RAESKRITHEREKKEBLKER
R OPMEREER - TEE - HER
FOBEIR B 7 BB Btk & 3th B K BE 32 %
mAMBETEERRFREIW AR - FRA
2R EMERENR 1R -

— - REEERE

oo

& & & 5 1kt (anaerobic digestion,
AD) B 81 2 B 8 H 5 /b (anaerobic co-
digestion, ACoD)zx & &5 7 MH [El 51 Be 2 4
thi#1T - AD BRANREET ACoD iz
BIEEE - 81 TS % F/M RBEERS
EEBl -

x1 EEEH

REIS KK
TEEEK
pH - 7.0-7.2 6.6 4.0
sCOD mg/L 300-350 3,500 138,400
VFA meq/L 5-10 4.5 210
SS mg/L 200-300 8,200 71,500
BEE Ms/cm 2,400 12,000
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- F T Y ER

A ERARE EIRZ BB {E R B 1 E
1 PR - 7485878 8L BURERTE 6L
WERETE R R DR EER - RERERR
RAEMNO - _Einhc R e R ERE
Wix0 - BHEAAEREERFEREF -
BEDRNRREREREPE - DUIER
RERES9T - BHEEREAFRAES
EEFBRABRER TR AER  RES
BRERERREEGHE  DgsEEHA
MENZT D EE - ERELRIMRA
EEEMUE  JKBREFKBE  DER
MBIRE - RicH EEEPUE - WRE
BHESEER - RERERIDUERKE
EHEMARBEESRREHE - DUIERER
FHEURERFREN -

= #JRAEE

KRR E B E(AD)fE R & £ &l
fr XHEHEEHERBYLH - ERE
RRREIBREZ /M BETERIE , MUR
ERKRIERBKZEBBERERY

1 SBEREEREE (XT) -
BEEREZ2% (A)

_

KEBEWSE

sm
-y

LR Y AR ERE PR MY
= - RERBFE N REE R R
BIE DUEREEIEE T 2 EYRES
M HARBEREETRESE  THE
WERRES S P R 6 RREEE
(sCOD ~ pH ~ VFA) - ¥ % G Em=E R %
GBI -

RIBEXE AD FIZHR2ERKRIFHEE
BERgEM E—STHEBEHLBLAR
(ACOD)ZEERE - BFESLLAl - TSI
E# F/M ERELE - DEHEEEARE
TN ZREBEY - 2R HRE KL
ZHEAMRER KA BEBMEUIZEE
BIEEE (Hsiao & Lu, 2026) - #E1TER#EE A
RELCREMRS  FRBEENF G ZEMR
it - ACoD TMXEEBRIFE - wETE
EhHESIRRRERERE  DUoE
EEEHPRERME - RERTE MR
BREZEE WEBMNATERERFR
% BRMEREENE 2 Fix -

MM~ Rl

1. sCOD : K#x%Ll 045y m JBiEE
BB & & sCOD 1k 8 NIEA
W515.55A 73 AL E 8% B 89 4878 05O
E o xmPEEF  HRERSETE
MELXEIESEFIR - KBR 2h
% - L FIEZEMW e R B AR BL oo 53 85 0F
EEEERFTE sCOD (mg/L) -

2. pH : &M pH &t (Crison 20 Basic)l

RE= N (8=



o &= A BIFREEREXHEEREENEZFE-
/J\UE ﬁﬁﬁ\wﬂ RN & BLEE L 7K E R B YL o0 22 5 B 5
TE M B mn ROBERR pH - 5. EEEREMVS) : i’l—;ﬁzh’fwnﬁ’\ 550°
C 8aEED 1h . stEIERMHERS
3. ERMREHE(VFA)  ZRSREE %)
£) o
FZ(HPLC, VWR Hitachi Chromaster)
BIE - 2#7EF Biorad Aminex HPX- 6. BZEREYSS) : LEMESKIEM 4
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H5 8 - pHE REBFRT0-750 K8
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RENREET - 25 EEENEE
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BHERKEERS -AMRUERBERBZANMBREEEREA M5 /K - WEEHR
PVDF » PANI/PVDF ~ FesO4/PVDF B FesO4,@PANI/PVDF EAEENXRE R
ARABKBEIHERERE -HRET AnMBR IJRBEEBEBEESH IS K -
COD £ BOD FHEBRUERDRIE 88% £ 94% - BEBEAZH R KKEE
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é Abstract

With increasing attention to net-zero emissions and resource recovery, municipal

wastewater treatment is shifting toward sustainable and energy-efficient
technologies. This study evaluated a laboratory-scale anaerobic membrane
bioreactor (AnMBR) treating synthetic municipal wastewater using PVDF, PANI/PVDF,
Fes04/PVDF, and Fe;O,@PANI/PVDF membranes. The AnMBR achieved stable
treatment performance, with average COD and BOD removal efficiencies of 88% and
94%, respectively. Methane content ranged from 62.4% to 69.1%, and methane yield
was 0.20 — 0.28 L CH4/g COD removed, demonstrating energy recovery potential.
Membrane fouling increased with operating flux, leading to higher
Transmembrane Pressure (TMP) and resistance. Modified membranes
effectively delayed TMP development and improved antifouling performance
compared with unmodified PVDF membranes. Overall, AnMBR technology showed
strong potential for low-carbon municipal wastewater treatment with simultaneous
energy recovery. Future implementation is recommended through a small-to-large
deployment strategy, beginning with small wastewater treatment facilities in remote
mountainous or offshore island regions before wider application.

[% Keywords: A

& Anaerobic membrane bioreactor
@ Municipal wastewater

& Membrane fouling

& Methane recovery

& Membrane modification
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- HENA
Hm s KEEBERERAHREE - KR
EmBERKERMEREZERINM -
FEZRE 2050 FEHFMEKREE - IR
KERBIWPLEHREBMASTEYMER - &
A EK - BlfE - FIRBERBERE
REFNEZEEHRERE - BREFEENS
SRAHEBEFNAREREUEEES
B BEKREIFEES  FERsEE
EARERBUYNZBREEE  HPRE
REAHLYUOSTKERMBFEE 2 50 -
70% - BEEEEFELR 025 — 0.6 kWh/m?
(Jiménez-Benitez et al., 2023) - FFEERAE
BIKEERBIRT K  BREEFEERS
BEIWEB N Z S KEBEMERAEER
e F UL - W E TS K5 R Y EBR
B (ERERAERLOWARE 2SR5
SSKEERMWEZRREAM -

& M5 R IEIEE(MBR) & & £ EIE
EARE BN - O] & S mn B RUR KL 4
RREESEREE BRHERAMKEEAE
BYREZES - A - MBR HFEBAER
REFTEBRSDATHER  SREEFRHEE
Bm- e REEVEREAH
MBI SBIRIEREREIW - B5RES
RENRTFELRG  BERRELAAZER
ERDBENE REEANBEEELHS
KEE

BR & & 1 75k B2 )8 )& (Anaerobic

(=

Membrane Bioreactor, ANMBR)&E SRR E

Y RIBAFRE BRI - JEKEMBR
MER SEEE - EREIW RS @E WL
MAKEL  WEABIRSKERFEHN
REZEHM (Tran et al., 2024) - M - &
BRDAREERBEFZEZEZRNR 5
Y RBEHISHRIEEEE A BERERA
1210 (Yang et al., 2024) - (AFEHRK - HiBE
%EESZ SRR - SREREE
M WREENEZREEIRNE VR -
I AR E RS KEEREE - 4
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Fe;O,@PANI t4E PVDF fERS AnMBR %
h 7 BB WAE - BRIERESI R P REER
OB - DIFRARRXNERZSE -

& - HRAGE

AMARBU-—EEREREREEE
) Iz F& 2% (AnMBR) £ 4% - DIR B & 05 7K
REFEG A AREBEMRERHERENZ
RIEMEE - PR REIWRERRTS
REEBMEER 6 L RERKFGNE
fE - #Z1E)5 R I B P B & 5 7K 52 32 R BR
FBEE - 2 EcE A TR IERA -
BIE/RYE PVDF BER=TENEE : PANI/
PVDF - FesO4/PVDF & Fe;04@PANI/
PVDF - #EHE % 0.08 m’ . BILER
045 p m - EHEM B REGRIKIBARE
FEI MR ERETRENL  ZAREE
PANI ~ FesO4 & Fe;O4@PANI tHE O] A
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HEE ERK FRREBEEY = ES
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— ERKER HRKER —— BREL —— BABR
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REBIBIEE M (Tran et al, 2025) - 24 BETMP)KFIREESSLE - LY ERF
BRIERESUAEER - U 95 NiEBER SEM - SRV ERMEEEEIRE W R
NERMA—ER - BIEBESKEEG IR - BIEHAB 2 pH 2 ORP HECHIZR
75’:‘ 2-4-6 K 8LMH  RIFFEARKIE (Sentix® XO- - B )& H & #%-
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BEEEEI 57K - COD ##H4 300 — 400 FRETAHT(NIEA, 2010) ; H/EEER 4
mg/L - 1L NaHCOs/NaOH #g/& B &)= fe W1 B 2 47 Bl 2 kAl 4k 8 Standard
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R1 ZRFERESH
S EllE FEERZ | BEEZ 11 REEZ 111 FEER IV
H 0-90 91-150 151-210 211-270 271-330
M= (LMH) 2 2 4 6 8
istE (L) 6 6 6 6 6
SEIEERE (m?) 0.08 0.08 0.08 0.08 0.08
R (L/d) 3.6 3.6 7.3 10.9 14.6
HRT (h) 395 395 19.7 13.2 9.9
SRT (d) 30 30 30 30 30
BIE . AR EE 9.5 min 38J& : 0.5 minA &8 i

&l - AR5 W AR K 208 Bt
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LMH)&2 6.88 + 0.17 (8 LMH) - 22K HA
SERPHEHE - KRERPEKLERS -
ORP REMEEREHIFIAMERIRIT - 75k
BIERAS -467 + 441 mV - DEBESHA|
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% F¥19 COD ERUERNS 88% - 55—
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é Abstract

The wastewater sewerage system constitutes a critical component of modern
urban infrastructure, where its management performance directly impacts
environmental quality and public health. With ongoing urban expansion and the
maturing of sewer networks, existing facilities have gradually aged, while the volume
of data generated from inspection, maintenance, and construction has increased
substantially. Traditional management approaches relying on paper-based records
and manual reviews are no longer capable of supporting the growing demand for
real-time, precision, and data-driven governance. Fragmented data storage, limited
accessibility, and a lack of inter-agency synchronization have emerged as critical
bottlenecks hindering operational efficiency and decision-making quality.

To address these challenges, the Sewerage Systems Office, Public Works
Department, Taipei City Government developed the “Cloud-Based Smart Sewerage
Management System,” integrating Geographic Information Systems (GIS), mobile
applications, and statistical analysis modules to centralize infrastructure data and
transform it into visualized, actionable intelligence. Through functional modules such
as the Pipeline Rehabilitation Command Center, Manhole Cover Management
Dashboard, and Blockage Hotspot Analysis, the system provides real-time
visualization of aging risks, construction progress, and defect distribution.
Furthermore, by incorporating mobile-enabled operations and data standardization,
the platform enhances data integrity, strengthens interdepartmental coordination,
and improves administrative efficiency.

The implementation of this platform marks a transition from conventional
engineering-based management to a smart governance framework, establishing the
foundation for a digital twin of the sewerage system. By improving management
transparency and advancing data-driven decision-making, the system enhances
governance capacity. Continuous optimization of data quality and further integration
of intelligent analytics are expected to

contribute to a safe, resilient, and EI% - )
Keywords:
sustainable smart sewerage

@ Wastewater sewerage system
@ GIS integration

¢ Smart governance
\

management system.
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