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Identification of the Degree of Sludge/Polymer Mixing
by the Machine Learning Model Using Floc Images

R AL FUKASAWA Atsuki
A& JFEPOPV2—ay
B RE T S — DXHEEE

Abstract

Dewatering is an essential process in sewage sludge treatment,
and to achieve excellent dewaterability, the polymer needs to be
injected with no excess or shortage and properly agitated with
the sludge. In this study, attention was focused on the problem
of identifying the state of agitation based on the images of flocs
generated by mixing the sludge and polymer. The identification
here was assumed to be an agitation state classification problem
using floc images, and classification was verified. In the proposed
methodology, a machine learning model that can realize high clas-
sification accuracy and model interpretability has been developed.
The model was constructed using two characteristics extracted
from an image, in other words, inter-floc gap and texture. As a
machine learning model, the Explainable Boosting Machine was
used, which allowed model interpretation while preserving high
accuracy. The classification accuracy of the model was verified
with both learned and extrapolated data, resulting in an accuracy
of over 95% for both scenarios. Furthermore, a comparison with
the Convolutional Neural Network (CNN) model, which is a
black box model but is expected to have a high accuracy, showed
that the proposed model has a classification accuracy equivalent
to that of the CNN model despite being a transparent box model.
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Development of CRYSTALLEX Type DD
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In recent years, the importance of technological innovation has
been increasing in a wide variety of fields, including the electron-
ics field, such as batteries and electronic materials, the medical
and healthcare field, and the energy field, as efforts to address
future environmental and energy issues toward a sustainable
society. Among those efforts, the development of most cutting-
edge materials is one of the essential key technologies in Japan,
and the development toward the enhanced functionality of mate-
rials has been promoted. In this paper, the focus is on fine partic-
ulation technology, which is one of the methods that enhances the
functionality of materials, and the newly developed CRYSTAL-
LEX Type DD as a fine particle crystallizer is introduced.
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Table3 Comparison of crystallizer feature
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Improvement of IDD Applied to Highly Adhesive Sludge

AN
HIAS K . NAKAMURA vuji
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BBty —HERAKE

Abstract

When drying highly adhesive sludge in a conventional inclined
disc dryer (IDD) under stable conditions, the addition of hydrated
lime was necessary. However, since the addition of hydrated lime
leads to increased operating costs, a drying method with IDD that
does not use hydrated lime was demanded. In this study, a method
that does not require the addition of hydrated lime has been
developed for dewatered sludge with very high adhesiveness,
such as mixed raw sludge. From the test results, it has become
evident that it is important to fill the IDD with a sufficient amount
of dry sludge as an initial fill and to avoid creating a high water
containing area in the dryer by simultaneously supplying sludge
from multiple ports. In the system, the vapor velocity in the upper
8 kg-H,0O/m?H range could be obtained under the condition of 0.6
MPaG (165°C) vapor use. In addition, as a startup method from
a state where there is no initial fill of dry sludge, the use of a dry
sludge substitute was studied and is introduced as well.

BERAVIZAYRTARIRZ AT (IDD) THNBEEDBREREL
TEIRIEDHEE. HAKORMIDETH>fce ULHULEBISHEGIRD
WNEZ Y Z AR MDD ERCDBDBIENS, HAREFERLZN
IDD TOR BT ED KD SNTe AR TIEREEFRDOLSICHEM
MIERBICEWVIRACERICH LT SHERRINZEHEE UBWAEZRF
Ufzo SERIEREN S, 1HAFEIEE LTIDDRIC+H R B0 IEF R = FIE
IBHIE BHEFNSFERZERKMHIET 5 & TRBENICE R KE
BAESIRWCENEBTHDIIENESHERDTco AVATLICEBNT,
0.6MPaG (165°C) ZESEADEMH T T 8kg-H,0/m H Atk D Fk
ExB5IENTE e, TIHPFRIET 2RIEHRNEVRENSDICE)
FEELT ZIREEREROERER LD THOETRNT %,

F—T—R I AVIIAVRTARIRZAV. BNBEIEER. TEFTE, EHER
Fritia, BRI E

Keyword : Inclined disc dryer, Highly adhesive sludge, Initial filling,
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Abstract
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The majority of greenhouse gas emissions in the sewage sector
is derived from electricity consumption, and the achievement of
electricity independence for sewage treatment plants would make
a major contribution to the realization of carbon neutrality in the
sewage sector. To achieve that goal, intensive energy conserva-
tion and energy creation are necessary, and as a way to achieve
both of them at the same time, there is the technology to recover
organic matter from sewage.

As a basic study regarding the methodology to recover organic
matter from sewage, laboratory-scale experiments using actual
sewage were conducted, and it has been demonstrated that the
target organic matter recovery rate of 75% could be achieved by
high-speed MBR technology that combines the high-speed active
sludge method and membrane filtration. Also, the impact of dis-
solved oxygen concentration (DO) and hydrologic retention time
(HRT) as operating conditions on the organic matter recovery
rate and treated water quality was investigated and is presented
here as well.

TAEBRFICRITERENR N RABHEDBEITHESNICHEKTS
HEOTHD, FTHRWBBOENBIMAbZERT DI ENTENIE, THKE
NBICHITZ2H—RY Za— N FIIOERBRICKEERT DIENTES,
ZDHITIFERZE TRILF—ROBI TRILF—DRETED, 1
SERFIGERT 2H7RE LT, FANSOBEALINEMTH S 2,

TARDSOEMYEINFAICET 2ERNGHREE LT ETKER
WeZMRAT—)LOERZITV. BEEES iR BZHaER
HMBREIICLD. BIZELTWSEHMIEINE 75%hEM AT EETH S
ZeBmRUTz, Fio, BEEMAE L TDO CAFERFERE) & HRT (kIB%
HIH R ) DN EEYRINEPIEKE L5 X 57 EICOWTGHAE L
DTHE TN T 2.

F—T7—R BEERMBR., \1AY T3> BHEYEIN
Keyword : High-rate membrane bioreactor, Biosorption, Recovery of
organic matter

1. oo

N T KB /BB DI E RN R 7 A i1 COL 57 TR
#5307 b TH, FDHE537% A5 F AL O HRkE S,
TIREGFENBITF DA =R ¥ =2 —b 5V FEBUNTTIE, R AR
B I ANF—=FUR TRV F =X OB AL Z B2 e
W FO—WEinHb,

—77, TR GE A SN TWAIFMB R IEE. FARTOH
B % RS 5720124 Ka TANF =% LEEL TWh, L, 20
H B % SR Tk - BT 2 RS ES T UL, KRS
I A EF LA BETH Y, SO 74 B 2 S AR AL
WCEDNA T A%AFBZET, Bl ANV F—BRIFHER T5HIL28
WHEE D, AWFZETIE, BHHMALZER T BERL NV TOHBE
WA EB S 2 FFEOWT, BIEOHEME 75% &L, ET
IRE T2 TR — VB EEE % F OB e MGt 247 5720

2. BIRE

TARDPSE R Z T BT U TR, LR, A%
W FENPEZOLNLY, FhiRICB O TEELBIC LA HAL
EW TG L7228 BEEEANRINCREWRE 2B b sz e
RV RENTz T2 A TFKRICEINLERDOIBLBELHLL TN D
Wb AT HAHZENS, EWFE T THS [ Gk
HIRE: L, F72, Rl EPE e A 72 [EE MBR ICoW TG
4172,

2.1 EEEWERE

G T P i (High-rate activated sludge; HRAS) &1d, —
e 0 Ze B TRV PR IE KD DI G AT AE R SRR
(DO) TTHEETHIET, UT200FHHICIVAEY & H KD
FWHRZEINTEL TR ATH L,

O WA LB B OS5 fFAIIRI S5,

@ A DA SN CHREL T TES,

AT, B3 Ve 0B L S (DO J TG el % 5R)
A B RIS G- 2 A A L e 5RO INIDUE R 3 14
HIRBEOBBICE LR 230, LSBT 72, BB,
KA (1) OR/RE: T 0 RELTHETT 5720, W5 0iEK
VLT RALER A SERILL 7= e W) R e A K& L7z SHITH
MBR O Ffiii il LC T liG P75 YR E L A 812 &5 [ 53 Bl & AL
TRV THRE & T o7,

2.2 E&MBR

o S BT VE T PR T (R MBR) 13, Al o 5 i i T 1R
B HEE R R (MBR) 24872702 A THDHY, Hil
MBRIZilH OMBREWHLL, 777 72 i [ERILRL TV 720,
T 397 FAE 2R MBRAEIC AR DR TRINT 528
T 7o) 7B 2 i shCns o,

X 2125 MBR OF A MNEEER T, ARBFZETIE, JeArifgeLlH
FRICAR Y VIR FRINL 72553 MBRIZ3BW T, DO K UK A=
A (HRT) 25A 88 IaURIZ 5 2 B B E A Lz, 2B, &f
LOFHEIRIEE 777) 2 &G IERI LR T VIR LB O i ATK T
7RG EL 720 L7 Cy HBEO T AKLILSH 8 A § 5554
WU IR B D #2 B o BUSHY (K1) 513 MBRICE & 52
bl s 28

SR HE B R

BAL LR

G /i EEREM

e I I AN

1 TS OB LI OBEZE
Fig.1 Concept of organic matter recovery from sewage

M2 BmEMBREE
Fig.2 High-rate MBR equipment.

26 HEBE#R 2024 no.27

A B##R 2024 no.27 27



3. =wrz
3.1 ERFEWERE

[ 3V PG R O FE B T O — %R, FUKIE TR LEE
WroY T 2 T LT IR AKEL, B EE 3 L/hIZi
EL72e EMREMIIARELS LTHY, M DOZMERET 2720,
FBIE RIS REE L7 A2 B L0IE R T, X F A IE DO 23—
EERDINCHBBI A E T 720 F72. WA N ORI %
Bi1d 5720, BB XD AN B A T 720 LA 6
LoObox M, NI E L7 % %8 Irpm TRIEESHE, T
POF ISP IHIRO— T I YW AF R~ L L BTG R
ELTRIMAHEHIL 720

FRNFEBREMERT . EBROTIHEWRARANDO%1.0mg/L
WA — L. IR EEE 33%~100% OHPHCLEB S ¥ 72, £
TG RREFEEZ33% ICFHE L. AR AERANDO LS, £
NZNH PR R L ZRE LW W AEFE N DO 234 #& W mIERIC - 2. %5
BIZOWTIAEERTT 72,

3.2 BEEFHBRELZBEDHEEE

R PTG R I A X5 B AL 723 & O BRI IR
2T B7200, FiHOFEEEE SRR E R OILED 74
V=% HOTHBL., FLERICXDH B RO W E R AL 72,
KB 7)) L I EINIR IR T O~ Thb, Q@AW LAE
NOIRATL. GWHKEABL 727 — A A, o 52 LT
IR O AN TR B A A IZ W ThIE 4T 572,

3.3 &&MBR

P41 #E MBRY 72 & — OB X% R T TAREEAICT R
A —NVOEEMBR (G ER78 L) Zikii L. ) Pk Bt bt
KEFREL CHEEREAT 5720 S HEBRIIILAE0.lum Ot T Iy B

s ()oo)ord(en)

_'(:>_‘ v
R )
o Bl
. A
ek . i
¥
=]
A

3 EREEHRERREE7O—
Fig.3 Test equipment of HRAS process

WAL, BEO T EICERE L2 7o A A2 T AHIE T, An
10% (v/v) DAR Y DIEERENS 720 ROMBPIZ9 55 D% #
TEHE AR5 FARZE /RSB TIT, 15 H B o0 5@ iz 1 ] i d S fhic
LBEOBREHIAT DR o720 WTER D E L 72 IEROB 7 592
AlF16 L/m¥/h&Lize RAKIT 75 —OEIERMER T Sl
Oz %REL, &M@ TIEZHRT 2 1.1h 205 20h (2B NS4, Stk
@ TIZDO% 1.6mg/LA5 2.3mg/LICHI IS Tk E 77

=1 BEENERERREN
Table1 Test condition of HRAS

ES 0] EBRO
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[%] | Img/L] | [%] | [mgL]
i1 100 1.0 33 1.0
&2 75 1.0 33 0.75
{3 50 1.0 33 0.5
A4 33 1.0 33 0.1
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Table2 Test condition of high-rate MBR

EiR0) @ 4G
HRT [h] 1.1 2.0 1.1
SRT [h] 12 12 12
25 HJi [L/min] 3 3 6
pH [-] 7.5 7.4 7.3
5EE [°C) 19.3 19.9 19.0
DO [mg/L| 1.6 1.6 2.3
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Fig.4 Test equipment of high rate MBR
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Development of a High-Temperature Abrasive Wear Testing Machine
and High-Temperature Wear Characteristics of Various SCH Materials
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Abstract
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The combustion temperature in industrial waste incinerators
has increased recently, and as a result, the grates of gasification
kiln stoker furnaces experience faster wear.

Since the grate life affects the length of operation and is
directly related to running costs, it is extremely important to
select the most suitable material considering cost-effectiveness.

We have developed a high-temperature abrasive wear tester
capable of testing under high temperatures of 1173 K and con-
firmed the wear characteristics of various SCH materials under
high temperatures, including other high-temperature tests.
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Keyword : High-temperature abrasive wear tester, High-temperature
erosion tester, High-temperature wear characteristics of SCH
materials.
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Demonstration Research on the Reduction of Water Purification Sludge

Using Organic Coagulants
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14th Floor, Room No.1404, United Center Building, 323 Silom Road, Bangrak,
Bangkok 10500, Thailand

TEL. +66-2-231-1726  FAX. +66-2-231-1731
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TSUKISHIMA ENGINEERING SINGAPORE Pte. Ltd. «TES»
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Kuala Lumpur, Malaysia

TEL. +60-3-2162-8679  FAX. +60-3-2162-8377
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