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Energy-generating dewatering incineration system

Abstract

From 2020, the “Paris Agreement,” an international framework for global warming
countermeasures, has entered the implementation stage; industries around the world have
begun to move towards decarbonization. In Japan, the Ministry of Land, Infrastructure,
Transport and Tourism has set performance indicators for waste heat recovery efficiency
and power consumption reduction rates as requirements for future grants focused on the
installation and reconstruction of sewage sludge incinerators. There are also moves toward
decarbonization. It is accelerating.

Within this framework, we have developed an “energy-generating dewatering incinera-
tion system” that does not require auxiliary fuel and can generate more electricity than the
amount consumed by the dewatering and incineration equipment. This system utilizes a
“heated concentrated dewatering system” that uses incineration waste heat to reduce the
water content of dewatering sludge, combined with a “supercharged fluidized incinera-
tor” that has excellent energy efficiency to maximize heat extraction. By combining the
“energy-generating incinerator system”, the maximum energy production is realized. A
demonstration facility has been constructed at Center A and a verification test is being con-
ducted. Here, we report the progress of continuous operation in the demonstration test, the
findings obtained, and the effect of its introduction.
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Fig.2 Outline flow of energy-creating incinerator system demonstration equipment

BEHI > 2 7 L I IREEIE AR o A T 4

il :
X3 AT 2 BRI X 7 LSRR M HMER
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-6.1

6.2 ®
:E 6.3 —
s -04 T
{ - f’:‘_l_v ™~
¥ oa
Il -0.0
= 6.7
pr]
= -0.8
&
= ‘Oq
=
] 70 !
e

0 20

i

R* = 0.9901
..
X e

X.

R*= 0.949'&

40 60 80

:Iln |!l Elll-.il ]ﬁ_:( C)

8 MR LA BER E DRI
Fig.8 Relationship between heating temperature and combustion rate

12 TSK %k 2021 no.24

TSK %k 2021 no.24 13



X1 Al ROV F—TUBRBERIY 2 7 20D Fat ek R

Energy-generating dewatering incineration system

2.34 K4 FHREITONT

RFEFETIE, INRBEEM D720 KI5 T 25 E L =y b3l FEh
BB ERIE, R TOREN (ZELTHETELZH2) T
FHIiL7z0 B, RV AT AT ERE R/RNRICE LD 720, HE
HATA ANBEBARA Tk il U 2 BHELTBY, FRICHr
AHUE VU AESE 20 ~ 30g/Nm® DBREEE 22 B 4L BE TR — KM DK
4 71% FANCIBMEEDPIFQEINE, D720, HATA—I7 1
TNZXBIE A M &3, 17 HOMBERRIc BT 581 5%
REDIREEL 2 2 RIG RAVRE (LU U fil) offla s AL 72,

K9 OFEM I, s U /35T UL 150 ~ 160% Fi B % Al 7
LTHY, FHELL oMkl GEfRCTELILEMRL &
B, EEHMEZ KIEIC LM 2L > TV A RN L, 100kPaG PL -
DIETTFCTHIILDP LB E DT T TNBIE, KA FTOREHEIC
EBLDEHELEL T D, Tz HIOHEA ARIEIX 180 ~ 190 CREEELS
RRELTHBY, BB N7 74V F Dl 84T 5 230 CLL T D4
DI L TWBI LT,

VLEXD, Ay 25 20d, FHEEBYOHE - B TH DL
HIWrs 50

e BRORZ

3.1 FRER R EED
Ak F—IZBI B EIRBICED, DU a7,
P BEENEE B HI V72 I A B K
TR SR TAR I, RUEREINEER 5% LORE RO
1/3L T 0 (57K 76% 25 T0% 25z 5:) TER AT A2 &k
IR TEHIEE AL 720
P NoO HE L D FI
T A B K TR KA TR SUR B KON T IR BEIC X 2 R e
L FSACED, BRI A S AL, NoO J6 AR I3 E kK
DOFEBBEEN (R RBEHT) D1/4 LT CTHHILERERL 720
P B TRICB T R A FOVEREMERF
il - 755 A MOBRBENE A A% )R T BBEER A TV, ik
DIRBEE R HRRIEAREMR B A 2 L CHERF CE B LA MERRL 720

3.2 fko

FALRBR TR ONTZRE RO, KT AT AOFAREOUERH A
AP Z AL, PRI TH L5 Ta B R #Aa I By & [
AL R A FBE (29tDS/H - &K 71% k5 100t-WET/ H) &
Lt 2 L7z, SR R 2 4 BLUH10I1TR

100t/ HEUED AN = 4w F—RUBKBEH > 2 7 20856 ik
FHIE OE70, FEEICESTH 200k W ORI T F L F =51 fiEE %%,
F720 NoO e i3 PR i BE RN D 1 /4 LU & 20 i SRR A
A M S B IS D SR B R & FL L TR 9 IR R A
S NS,

KY AT M HORBOFIHSE, TGRSO AN F KT
YIaNERTIERCHAL HRD LD A F—2EARET, W
DIINAF % A LA F— R EDR Do ARBITEAWL I L
KREBIO—ELRBILZWFET 5o

i

TA— VRSO T 22 72EF LA v 7 — R E DT~
B EHOEEZ R LT,

2% - 5| AxH

1) &5, MBEBMEEKS X7 LOERE, F57ETKEMRERS,
pp1009-1011,2020
Yamato et al., Demonstration report of heating concentration dewatering
system, 57th Sewerage Research Presentation, pp1009-1011, 2020

x4 FMBREHERCEIHE

Table4 Auxiliary fuel usage and power consumption

IEH K[UARENR I BEA R ENIR | Al A
BiEiEE BEEFE
200 AIBFRE #29 -DS/H
%) Aok dbecbea AR EKE 8% 78% 1%
= < Eulodnk=§ 3 HY HY gL
E & 'W" ""W . 420kW 220kW 200k W
- BHMR ; )
g 7 HR HE Bl
= ey
= 100 —eo— iU /it Ul
& = —— A 7R R L
2 N
f:_j) ~
=4 5o L S T I S S B R K | 100.0 100
wggoc::m-:rcooomwowc:-mh [.:—
N & e e GOl oL e B
e o S o Mo s f o o o o 80.0
9 KA FERERRB s
Fig.9 Boiler performance progress — .
-?{ :-E;::I
= 0400
® O

_ 11

10 b W i /bl

Al v A il = A Rl

-20.0
i3 SN P T 7 i N 2O ] o s— ]

10 BERNRA XHEH S HEEg
Fig.10 Greenhouse gas emission comparison

14 TSK %R 2021 no.24 TSK %k 2021 no.24 15



AT Bz 3w L7 Al v — %

BERN Y AT L0 HERRENZBY 3 2D #l A

Approaches to automatic control of Energy-Creating

Incineration Systems using Al technology

ol

[ZSERERS
FUKASAWA Atsuki

FIFEAED
AR FRRFEED
gz V-7

n IEL®HIC

Abstract

In recent years, the application of Al to parameter prediction and optimization has been attract-
ing attention, and the number of cases in various tasks is increasing. In addition, examples of Al
applied to plant equipment have been introduced at various conferences. As such, Tsukishima Kikai
Company has also started to work on research and development related to Al. Here, the company
decided to apply Al to a newly developed plant, an energy-generating incineration system, with the
aim of automating controls that previously required human intervention. Specifically, we selected
the parts of the system that required Al, and subsequently applied Al methods appropriate for each
problem, such as machine learning, deep learning, and model predictive control. We verified the
controllability by testing them in an actual plant. In this paper, we report the control results obtained
through the verification and describe the future prospects of utilizing Al methods.
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TSK Container Handling System — Introduction of test system
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Abstract

In recent years, efforts to improve the business environment through work system reform and
evaluation of business continuity have been attracting attention. Factories are required to create an
environment that improves productivity, safety, and quality as well as employee satisfaction, and
the mechanization and automation of facilities are being promoted.

In the field of automation technology, we design and sell a powder-handling system that uses
TSK Container as a mobile container. One of the features of TSK Container is that the valve can
be opened and closed using the handle on the top. By using this container, it became possible to
build a facility without chutes. As a result, our customers have highly valued and adopted the
system that is free of contamination and can be easily adapted to various products. This time, |
will introduce the redesigned test system of TSK Container for the purpose of improving test effi-
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1 +360 4 10.000 | 14 | 10.041 +84 | 66| O
2 1604 10.000 | 10| 10.062 14| 30| O
3 +5404 10.000 | 10| 10.059 +19| 37| O
4 +1260 10.000 | 20| 10.185 +246 | 65| O |HH. MBEASH
5 +1200 PRI B
6 +240 8.000 | 19| B8.041| *137] 84| O
7 +360 ) 10.000 | 10 | 10.062 #38| 50| ©
B +450 4 10.000 | 11 | 10.028 +60( 87| O
9 495 16.500 | 11 | 16.729 +338 | 50 | O |%H. MB#{ASEH
10 £292 | 10.000 | 20 | 10.064 £37| 35| O
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Introduction of “Demonstration research on low-cost sludge reduction

technology using a biomass boiler to contribute toward widespread

adoption of sludge treatment in small- and medium-scale plants”
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Abstract

Sewage sludge biomass is expected to be utilized as fertilizer and biofuel. However, the use

of technologies that convert sewage sludge into fertilizer and fuel is not widespread in many
small- and medium-scale sewage treatment plants. Because the introduction of these technologies
increases the cost burden, it is not easy to find users and maintain relationships with them. There-
fore, to promote effective utilization and ensure sludge treatment in the wide sector comprising
small- and medium-scale plants, we are developing a system that combines a low-cost dewatering
and drying system and a biomass boiler. The characteristics of this demonstration technology are
that construction costs can be reduced through using general purpose packaging equipment, and
the energy present in sewage sludge can be effectively used in the treatment plant to contribute
toward the reduction in fossil fuels use.
This paper introduces the characteristics of the demonstration technology in detail.
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Keyword : Sewage sludge treatment, Biofuel, Effective utilization, Biomass boiler, Dewatering and drying system
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Effort to Building Information Modeling design

Abstract

|
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In recent years, MLIT(Ministry of Land, Infrastructure, Transport and Tourism) has been
actively promoting Digital Transformation in(DX) public works projects.

DX refers to transforming products, services and business models based on the needs of cus-
tomers and society by utilizing the latest technologies, including data and digital technology.

3D-Computer Aided Design(3D-CAD) was introduced in the 1980s. We started utilizing
EYECAD and by April 2021 with the introduction of the 3D Scanner, 3D-CAD design had
improved dramatically. A new Building Information Modeling design group was established
to promote accuracy and productivity in real world design.
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Effort to Building Information Modeling design
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Introduction of an improved dehydration/drying process through

a combination of Escher Wyss Push Type Centrifuge and Clean
Flash Dryer

Abstract

In many cases, the dehydrated cake obtained from a dehydration step has properties, such as
adhesiveness and cohesiveness, that are problematic for material handling. A dehydrated cake with
high adhesiveness can cause blockages in a hopper or adhesion in material-handling equipment; a
highly coagulated dehydrated cake reduces drying performance.

In this paper, we have proposed solutions to these problems and examined the simplification of

equipment and improvement to drying efficiency.
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Introduction of an improved dehydration/drying process through a combination of Escher

Wyss Push Type Centrifuge and Clean Flash Dryer
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Dispersion process technology for Lithium-ion battery

materials using Filmix
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Abstract

The electric vehicle (EV) market has grown because of efforts to reduce global greenhouse gas

emissions and improve battery performance. To this end, we have developed an electrode slurry
manufacturing process for lithium-ion batteries. It uses a Continuous Dispersion Mixing (CDM)
process for electrode materials and we have applied it to the production equipment of lithium-ion
batteries for hybrid electric vehicles (HEV) and EV at home and abroad. Moreover, lithium-ion
batteries for vehicles have been required to improve battery performance for higher energy output;
therefore, electrode materials which have high battery performance have been selected. In this
article, we introduce our efforts to develop an electrode material dispersion process for EV using
the thin-film spin system high-speed mixer, Filmix, the central mixer of the CDM process.
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Table1 Rate performance of the electrode slurry prepared by process using Filmix

MEL—F 0.1C  0.2C

1C 3C 5C 10C

HEFEH#FE 100% 97.1%

94.5% 91.0% 76.9% 51.8% 23.1%
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Aeration control valve and the aeration control system

for sewage treatment plants
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Abstract

The power consumption of the aeration blower of a sewage treatment plant (STP) is highest in
the wastewater treatment process. To improve the energy efficiency of STPs, we have developed
a new aeration control valve of slide gate valve structure, for more accurate dissolved oxygen
control in the aeration tank. A shortage of controlling performance on butterfly valves, which are
often used in domestic STPs, makes it difficult to utilize automatic aeration control in their daily
operation, thus hindering energy-saving operations. Fundamental tests of a new slide gate valve
for measuring flow characteristics showed that valve flow coefficient (Cv) values changed linearly
while the slide gate valve opened, and the Cv hysteresis error generated by valve opening direction
was very small. The aeration volume controllability of the new slide gate valve was much greater
than that of the butterfly valve, which resulted in a more precise air flow control. Presently, scaled-
up slide gate valves are being manufactured and installed for field tests at S City STP. Future plans
involve the commercialization of the automatic aeration control system, combining the new slide
gate valve and aeration blower.
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Aeration control valve and the aeration control system for sewage treatment plants
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Remote monitoring test results for industrial equipment
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The necessity for the use of remote monitoring devices for industrial equipment has
increased during the COVID-19 pandemic. Tsukishima Kikai (TSK) researched the
advanced operation and maintenance of batch type centrifuges in cooperation with Mitsui
Sugar Co., LTD. between 2019 and 2021.

This research focused on fault diagnoses of bearings as well as the visualization of sup-
plied and separated slurry conditions.
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Sewage sludge solid fuelization business
at the Toba Wastewater Treatment Plant in Kyoto

Abstract

The Kyoto City Water Supply and Sewage Bureau has estab-
lished a sewage sludge fuel conversion facility at the Toba Waste-
water Treatment Plant with the aims of sewage sludge utilization,
waste reduction, and greenhouse gas reduction. The Tsukishima

Kikai group signed a basic contract with Kyoto city for the Toba
Wastewater Treatment Plant Sewage sludge solid fuelization busi-
ness in May 2018. The facility was designed and constructed from
June 2018 to March 2021, then commenced operation and mainte-

A

Mty #2 f il his is the fi I fuel
HACHIYA Yoshiyuki HARASHIMA Takuo nance from April 2021. This is the first sewage sludge fuel conver-
KIBIE AR IR AR sion project operated by the Tsukishima Kikai Group.
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Keyword : Sewage Sludge Fuel Conversion, Life Cycle Business,

Public Private Partnership, Greenhouse Gas, Recycling-Based Society
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Fig.1 External View of Toba Wastewater Treatment Plant.
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Sewage sludge solid fuelization business at the Toba Wastewater Treatment Plant in Kyoto
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Fig.1 Classification of nitrogen in sludge.
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Table3 Sludge temperature and analysis results-1.
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Fig.2 Analysis results of crude protein and NHa-N of mixed sludge after
heated various temperature.
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Fig.3 Ratio of protein and ammonia in Kjeldahl nitrogen of raw sludge
and heated sludge.
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Fig.4 TG-DTA measurement example of sludge.
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Table5 Sludge temperature and analysis results-2. 72
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Fig.5 Relationship between sludge heating temperature and volatile
matter concentration.
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Fig.6 Relationship between volatile matter concentration and volatile
matter release rate.
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Fig.7 Relationship between sludge heating temperature and combustion
rate.
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TEL.045-651-7331 FAX.045-664-5086

ZHEXE T450-0003 ZEEMHHXZERE1-17-29 (/I \BEESEIL)
TEL.052-581-2378 FAX.052-581-1624

N=5-35 T730-0015 [ BHFXIEART10-10(LE17 )
TEL.082-227-3093 FAX.082-223-8771

EE X T810-0062 EEMHREXIEF2-1-5(KiFAREL)
TEL.092-741-5736 FAX.092-761-4806

R ERT T901-2131 BB HATAE2-54-2 (B L ARGKETE L)
TEL.098-874-5793 FAX.098-874-6262

EWIE T051-0006 LBE=EHEHZEEH35-2

TEL.(0143)57-1100/1101 FAX.(0143)57-1102/1103

NTFREER  T276-0022 TEENFHLH LEE1807-3
[R&Dt % —]TEL.047-494-4300 FAX.047-494-4321
[EM TS N\TRPEITEL.047-419-6770 FAX.047-419-6777
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TSKN/ (B TE BRI

Tsukishima Kikai Co.,Ltd. Hanoi Representative Office

Unit 13-03A, Prime Centre, 53 Quang Trung Street,

Hai Ba Trung District, Hanoi, Viet Nam

TEL. +84-(0)24-3766-9965/9967/9968 FAX. +84-(0)24-3766-9969

TSKI v hIVAETE B BT

Tsukishima Kikai Co.,Ltd. Jakarta Representative Office

Setiabudi Atrium 2nd Floor, Unit 207 JI. HR. Rasuna Said Kav. 62, Kuningan,
Jakarta 12920, Indonesia

TEL. +62-21-521-0491/0492 FAX. +62-21-521-0490

TSKa—Ov/N\EXTEEEHFT

Tsukishima Kikai Co.,Ltd. Europe Representative Office
TullastraBe 64 76131, Karlsruhe, Germany

TEL. +49-721-9-64-56-785 FAX. +49-721-9-64-56-10

TSKAZ N B ER B

Tsukishima Kikai Co.,Ltd. Mumbai Liaison Office

903A, Raj Horizon, Ramdev Park Road, Mira Road East,
Thane 401107, Maharashtra, India

TEL. +91-9967645572

s —

BETV/ATH—EZX (%) T135-0031 RRFLIRXEE-3-7

(RBHEEKAEL)
TEL.03-5245-7150 FAX.03-5245-7155

Yoo —<IL (%)

T322-0017 HARREAT T Al1737-55
TEL.0289-72-0371 FAX.0289-72-0381

BEREIO=TULYT () T104-0053 RRHHRXIEE3-5-1

(R EHE (1) ELR)
TEL.03-6758-2310 FAX.03-6758-2324

BEYY IV (4F)

T104-0053 RREBHRXIEES-5-1
(A B () L m)
TEL.03-5560-6561 FAX.03-5560-6590

BBEYZ24H—k ()

T104-0053 RRBHRXAEES-5-1
(R St () EIVA)
TEL.03-3533-4824 FAX.03-3536-0968

KEVFIHIVIL I =TT (%) T530-0053 KBRAFABRMAALXKILAT3-3

(KB S=THAREI)
TEL.06-6312-6621 FAX.06-6312-6626

SHETE (%) T210-0861 /&) /X /NSET4-4
TEL.(044)266-0272 FAX.(044)266-0271
TV X () T656-2306 KERARTEES1-38

TEL.(0799)72-0080 FAX.(0799)72-0040

FA—2—H—EZ (#)

T253-0106 #%/ || R = EERRE] | |H] = 114058-61t
(EI%KBA)

BEIVWEDESE:

Ao KIRIBEEAL PPPEEHESR
TEL.(03)5560-6540 FAX.(03)5560-6584

RIRYA—5—&TFT—(#k)

T450-0003 FHREHEM X EERE1-17-29
(ABEHMASHBEEEXERN)

BEVWEDER :

REHM S KIRIEREAL PPPREMET
TEL.(03)5560-6540 FAX.(03)5560-6584

66 TSK#%R 2021 no.24

() A AT—IVEEETR T601-8027 REBAFREHRIX R AP HEE49-1
(RBT 7/ X TH—EAMREH REBEERA)
BEVWEDESR:

AB#mMR St KIRIERED PPPRERKES
TEL.(03)5560-6540 FAX.(03)5560-6584
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TSKIL =TV TBAFUR (#)

TSK ENGINEERING (THAILAND) Co.,Ltd. KTET>»
14th Floor, Room No.1404, United Center Building,
323 Silom Road, Bangrak, Bangkok 10500, Thailand
TEL. +66-2-231-1726~30 FAX. +66-2-231-1731

REBRE#ER (LR) FRAT

TSK ENGINEERING CHINA Co.,Ltd.

A1207 Vantone New World Plaza,No,2,

Fu Cheng Men Wai St.,Beijing,China

TEL. +86-10-8590-6595 FAX. +86-10-8590-6593

BOKELA GmbH
TullastraBe 64 76131, Karlsruhe, Germany
TEL. +49-721-9-64-56-0 FAX. +49-721-9-64-56-10

BBILYZPULTIL—27 (1)

TSUKISHIMA ENGINEERING MALAYSIA Sdn. Bhd. K TEM>
BBILIZTULTIUHE=IV(#)

TSUKISHIMA ENGINEERING SINGAPORE Pte. Ltd. KTES»
Suite16. 04-05, 16th Floor, Wisma MCA,

163 Jalan Ampang, 50450 Kuala Lumpur, Malaysia

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

TSKIZIZTULTBE (1)

TSK ENGINEERING TAIWAN Co.,Ltd. KTETA>

6th Floor, No.24, Min Sheng, W.Road, Taipei 104, Taiwan R.O.C.
TEL. +886-2-2523-6975~6 FAX. +886-2-2521-1429
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