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Development of the dewatering and drying system for sewage

sludge in small- and medium-scale plants

R K
NAKAMURA Yuji

KEREEHEAED
PRV i
HEEI VT

1. [3L®HIC

Abstract

A dewatering and drying system combined with centrifugal dehydrator and circulated flush dryer
was developed. This system was developed for sewage sludge in small- and medium-scale plants.
Through a demonstration test in the last fiscal year, some points as follows were revealed. Dried
sludge, with moisture content of 10 % to 50%, is obtained by changing the temperature of the hot
gas supplied to the dryer. This system can be controlled automatically, such that dried sludge with
small range of moisture content is obtained by continuous test. The dried sludge can be applied to
both fertilizer and bio-fuel. Thus, the dried sludge can be used efficiently. Through a feasibility study
for applying this system to small- and medium-scale sewage treatment plants, the life cycle cost of
this system was found to be lower than that of conventional dewatering systems and dewatering plus

drying systems. In addition, a scale-up method for the circulated flush dryer is described.

s/ RAEDALIE SR IR R AR DBUK IR SR EEE A S KR X 7 L%
L7, FEFEEENELARIRBRICSN), A X T ATIIBEREEEZ B LIS, ZIRFRDKSE 10%D
5 50% IS EEE THREE T B EN FIRE THBIEN RSNz ANY 2 T LIZBEIFIHN TE. EFEEICH VTR
EUIMEIRDEIFBRERTDIEN TElco AV 2T LTHONIFIFEIRG. A S, FEHAEOM A ISHEL T
B4, TKFBRDBRFIBEN TEBIEN RSP o7z, A/ \FIEAIRIS M) T DB AR S HWT, TERDEE
KesfeH LU KEZ T T XEIRERELEBL. T4 7 %1 VIV AXNTHABEIRZIRPFONDEV DR EAE
RPN IRHEDR T — I Ty TFHEII DV THRBNT 5o

F—7— N IUFAKERALE, MRUSREIEHE. AN ZRRE RLR DR K, AERME, IRME
Keyword : Sewage sludge treatment, Circulated flush dryer, Centrifugal dehydrator, Sludge fertilizer, Bio-fuel
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Fig.6 Results of continuous operation test
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RIS B DT Jes T 5IAH F L DS AR
Fo BRI EEGTRMUR Y LR L Tt e W S E AR S 72,
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THREL 75 TR R LRI O B2 ST 528137, Ik
BRI RETHHMIRE AL OB ED RSNz,
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Table4 Analysis of fertilizer component
e ST e
EHH =<tV - i) = ==
HE G TE AR PN S| g

EHR % 4.01 6.19

J % 3.62 4.26

JNE % 0.29 0.20
C/Nk = 6.53 5.91

=5 BERDDOHMER
Table5 Analysis of harmful component

H H <RV FFAAE - FEVEE | TG IR
HRIT L mg/kg 5 <1
KER mg/kg 2 0.48
== mg/kg 50 4.2
=)V mg/kg 300 29
ZA=0 mg/kg 500 27
#n mg/kg 100 <1
5.4 JORHRIH

F O IRH I OWRAL L L COMRGEM A /R 97 2R E 440C
TlZ. BSF- 15 L THESNTWAIKS 20% LT BL OV Ss # 15
M]/kg-wet L E2 R LTHBY, REEL TR TELT LT
&7

6 BB EDKFEL TOMERETM
Table6 Characteristics of dryed sludge as Bio fuel

R
SYHTE A4 BT . 440°CTD AR
BATTE | e

K, % 78 11 20LLF (JIS Z7312)
RSy % 18.2 18.4 —
¢ % 43.5 43.4 =
H % 6.33 6.15 —
. N % 7.15 7.17 —
S mg/kg 12,000 13,000 -
0 9 23.6 23.6 =
cl mg/kg 330 330 &
Dry~<—2 MJ/kg-dry 19.2 19.4 -

R Wet<—2 | MJ/kg-wet 4.2 17.3 198 i
(JIS 7312 BSF-15 #:41)

I 7 e % dry 15.8 17.1 —
DEWLE (PBD) kg/m® - 0.56 -
ST (D7®) kg/m* = 0.48 =

TSK #%k 2017 no.20

6. EREH AR

6.1 AR AT

K AT BSHUNEE TR AMLER S~ ¥ T R B2 H i e LT 0,
AL S R AL 72355 DT 4 794 7 v a X (BLBg, LCC)
DFMIiEAT 5720 Bl G L L TIEHER DB A (LR, TERBE
) B OGER DK R i LR il (LLRR DER K +T2H) EL 720
LB, PERPM ORER T MR B IZOWTIINA F Y Uy FFNE
JHHEAG W 58~ =27 VY S8 H BB KR, Bikiz
AT JIOWTIEES M OEFETRONIRE REDEIT, R, HfF
LR (IBRE, IORL DD, BREEAL NIRER) 2L 7

iR e it A3 8.5t/ H (K53 83.5%) A2 BEFE A= § B/ BB L BT
ERRELT, RV AT LOBAMREARL 720 RTITHAMEAR
RTSetE, A 7ICLCC R SRR 3o HERBIKE L 73,
B B BN B ORI R I LCC T 24% D HIIK
WRDIFONT20 B, IEHIHALA AWM TEHY B3 H DK
RN RAITETED o FERBIK+FZBIIT LTI %750% L 1
IR TE, MRS P BRI TED 2 L5 LCC T43% Dl R) A
SNz,

R7 FEEARETEY
Table7 Condition of feasibility study
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| R HHFIR 4,000/ /t
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B 15[ /kWh
AT 70 /L
2,500
T5IRALSY
2,000 F--—-mmmmmmmmmm e
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Fig.7 Evaluation of life cycle cost
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Cone-bottomed steel digestion-tank

1. [3IL®HIC

AR, PHEREAE A ORZIR AR DO THY, TARBEFFEIIB T
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ENbo TIT R, RERBA DL %8 » 7 NI EEodih
ECEBRWIErEIRT 2 (K28 H), FHa—roMEid f KT
KA 3 215 RIFA A CHER W S5 A L W 25 R s
TERE RSP E Lz HEREL 220k B Asi AL TG PR 32K F-5 |
WECE A ORI fE TH A LI3 BB DT REIC BV THER " sh
TWh,

3) A7 & FEAFEBIO MAP A A ORIE
HIRFM I8 T BIIRD A A L (TGP 1) ME M S5 S 2 4
B AE LT ELZZDD)NZDWTIE A ¥ RIS B I B B e
SNIZPRDIB, i FEOFIMWAER M T T RETICA I 2B EZA
LR, FEA DRSNS, R FE M TORMARIELE (F810) 23
FEAELZGEE, § v 7 ERICRE Lo v —Cla Kb o A%
Mo 223502, 7 v 7 Lok, R0 A, & v 7 i

EX/JIARR I e EXASIARLE

by FATREIAT SN A 2 AL B 3V F— L CH i ; _ -
sirk—s > sk mwsm HRFLE

WETHY AT AOWENFIN TN,

INFAHR

- \ | |
| )
ERIE o

TEA ]
SAWAHARA Hiromichi HASHIMOTO Yuji
KEREE R AL KRB R AL
V) 1—a  FiitTER POETS Ve 571
TG IN—7 ToKkTI—7
Abstract

Cone-bottomed steel digestion-tank was created from a col-
laboration of Tsukishima Kikai Co.,Ltd and Japan Sewage Works
Agency(JS). In Japan, traditionally, almost all digestion-tank for
sewage sludge have been made of concrete. Compared with con-
crete digestion-tank, steel digestion-tank has advantages as fol-
lows. 1)Energy saving: electric power consumption of the digestion
facility can be reduced by installing the impeller agitator and the
automatic control system. ii)Shortening site work periods: con-
crete digestion-tank requires huge amount of underground work,
but steel digestion-tank does not require any underground struc-
tures. iii )Cost saving: the cost(annual value) of steel digestion-tank
is about 83% of concrete digestion-tank. Tsukishima Kikai Co.,Ltd
won a contract for construction four 9,000m? steel digestion-tanks

with Saitama prefecture(contractee:JS).

TEB O RIEAREGE L2 > 71k, AARTKEE XM (US) LA BHEMD
HEMREICL-o TSN k. RO TAKERHEIES 71332 71—
RNUTHo7-H SHIREGE bR 7130 71 —RBIE LB TRDOX VM BB,
NEI A2 RTADKBAKECEEFIES X T LOBAILIEHE
ENEIBENS, 2) B TEHEDEHE: 2> 7 - EUEES > 7IEARIE
GIEHI TRZH0 . RENE(E2 > VIS T HEEEEL LV, 3) O X MR
SIRESE bR > DR E (FAM) (22> 7 U—NED 83%IEETHZ, BB
HEtI2JS S EIR M) 9,000m* $BIRELE b2 7 41857
F—7— K TFKER HE. $RE, THoI—> &I x
Keyword : Sewage sludge, Digestion, Steel, Cone-bottomed, Energy saving
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Fig.1 The orientation of developed digestion tank in sludge treatment process
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Table1 Applicable scope
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Fig.2 Horizontal drain piping
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Fig.3 Impeller agitator
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Fig.4 Automatic control system
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Pretreatment for co-digestion of food waste and sewage sludge

; \ 1
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&R 1&H]
SAWAHARA Hiromichi HASHIMOTO Yuji
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)12 ARHTER V) 1= RATER
TkTIN—T TkTIN—T
Abstract

In Japan, the Fundamental Plan for Establishing a Sound Mate-
rial-Cycle Society was be endorsed by the Cabinet(September
2013), so that co-digestion of food waste and sewage sludge has
been a focus of constant attention. Tsukishima Kikai Co.,ltd has
developed co-digestion and pretreatment for co-digestion of waste
and sewage sludge, and have constructed several plant relating to
that. Since 2016, Tsukishima Kikai Co.,Itd has a developed a busi-
ness of electric power selling by Feed-in Tariff and co-digestion
of food waste and sewage sludge with Kanuma city and Sun Eco
Thermal Co.,Itd(SET) in Kurokawa sewage plant. Food waste is
collected as slurry from school lunch center and SET, and pumped

to the digestion tanks.

BPETE, [TBEREH S AHEERARSTE | » T 25 F5RICEH
RESNZZEDHHY), BRRNAFT Y AETKFBEDREEHILN TEEE
HTWB, ABHMITESEILPREHEIEEENELZ/N 1 F < XDOFIL
BRMICIVIBATEY, RIEDWMAEEDN HD, £/-. 2016 FE»5IE. B
B Y2 IOY—<ILERICEEMEE NG EICE DGRBS T A MNE
SBICBIBREGHEIEEITOERFEICEFU L BEE 2P IO —
Y IVITEGDSEIERIBZARZTV—IRDBEFR/NA F ¥ R&8EHEL. B
EXDHLFEANEAL TS,

F—7— K TFKBRGHIE NAA T X 2RI 25—
Keyword : Sewage sludge, Digestion, Biomass, Separator, Slurry
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Fig.1 Major example of co-digestion process in sewage treatment plant
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Table1 Mixed digestion in domestic sewage treatment plant
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Abstract

The main objective of this paper introduces a demonstration test to utilize effectively the
energy which is discharged into the atmosphere as waste heat (unused heat). Waste heat side
and demand side had to be connected by piping and duct to transfer those heat, hence there was
distance restriction. In contrast to the distance restriction by the conduit and duct, as a result,
the heat is possible to interchange over a wide area by the tank using an adsorption heat storage
material capable of heat accommodation.

A demonstration test of waste heat utilization has been started to collect incineration waste heat

of Sun Eco Thermal Co., Ltd., waste-disposal site in Kanuma City Tochigi Prefecture and then to
supply its waste heat to the Deainomori elderly welfare center, the hot bathing facility in Kanuma
City, and the heated pool in Kanuma sports park.
This system is configured that Zeolite, which is an adsorption heat storage material as of desic-
cant, is crammed into a metallic tank. High temperature and low humidity air has been supplied
by admitting moist air at demand side to desorption (drying) of adsorption heat storage mate-
rial by waste heat at Sun Eco Thermal Co., Ltd. The adsorption heat storage material moisture
content is saturated and the adsorption performance is deteriorated, then transported to Sun Eco
Thermal Co., Ltd. again and desorbed (dried) so that it is recycled repeatedly.

In comparison with piping cost, it will be challenge reducing transportation cost between waste
heat side and demand side. On demand side, high temperature and low humidity air can be sup-

plied only by a tank and a fan if there is moist air, thus it will be suitable for drying processes.
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Abstract

Digestive gas generated during the process of reducing the volume of sewage sludge is a renew-
able energy source in the form of a combustible gas, that primarily consists of methane. Conven-
tionally, a sewage plant utilizes the generated digestive gas as a fuel for heating boilers in digestion
tanks, and the remaining gas is incinerated by combustion devices. However, introduction of
the Japanese feed-in tariff system (FIT system) that came into effect on July 1, 2012, has pushed
nation-wide movements to actively use digestive gas as a renewable power source as a method of
generating digestive gas. In addition to the conventional method of consuming generated power
in the field, power plant owners can choose to sell generated power to a power company by utiliz-
ing the FIT system. Given this background, Tsukishima Kikai Co., Ltd. proactively promotes the
implementation of digestive gas cogeneration units as a viable business proposal towards various
sewage plants. To date, Tsukishima Kikai Co., Ltd. has achieved the implementation of 25 units for
digestive gas from the sewage plant, and two units for biogas from source other than sewage plants,

for a total of 27 implementations under the FIT system.
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Table1 Power generation output (kW)
CES100M | CES220M | CES370M | CES550M
50Hz 104 210 357 530
60Hz 104 238 374 558
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Waste treatment and energy-creation business

Abstract

Proper disposal of waste generated by our daily living and industrial activities is essential to
3R (Reduce, Reuse, Recycle) activities from the viewpoint of enriching our living environment
and conserving the global environment It can not be done.

Sun Eco Thermal Co., Ltd., a group company of Tsukishima Kikai Co., Ltd., is engaged in not
only reducing waste and stabilizing waste-treatment by incineration, but also recovering heat
from the exhaust gas generating electricity (thermal recycling) as its core business. We would

like to introduce about our core business and new business that the company started recently.

N
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SUZUKI Akira RLLTVKE S50, 3R (Reduce . Reuse . Recycle) SEENEHERH T ZEDTELEVHD THB,
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ERE ERR ICECEST AR T BHES ZADOEERINL. REETIRE (F—< LS A 7 IVEE) ERi%EL TS,
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Keyword : Waste treatment
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Fig.1 General/Industrial waste incineration system flow
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Bioethanol production from sugarcane bagasse

using an enzyme method
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Abstract

B~
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MIZUNO Hideaki
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7'Z > hEHEIEB
TOwRFE25 VT

A demonstration of bioethanol production was conducted in
Thailand. The raw material for the bioethanol was sugarcane
bagasse from a sugar factory. Our technology includes four pro-
cesses: bagasse pretreatment, enzyme production, simultaneous
saccharification and fermentation (SSF), and refining. One of the
most important technologies is on-site enzyme (cellulase) produc-
tion using Talaromyces cellulolyticus strain C-1, which is owned
by Tsukishima Kikai. The demonstration plant was constructed
and demonstration operation started in 2015. Through 18 months
of operation, seasonal fluctuation of bagasse composition was
investigated. Performance reached targets for enzyme production
and the SSF process through a year, by conditioning pretreatment
according to bagasse fluctuation. The on-site produced enzyme cost
was calculated as one-tenth lower than the manufactured enzyme’s
market price, which enables our bioethanol process to be economi-

cally feasible.

ZAZBWTEME TGS HEHIND Y R X EDOHEYLT (NH X) 2L
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ZPEDINA A T L /—IVEED XMNERMERIRELEL NIVETTIF 228
T&E,

F—T—RINAF T2/ IV A-R INH R IV F—H KERILIE, FEE

Keyword : Bioethanol, cellulose, bagasse, cellulase, hydrothermal treatment,
fermentation
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Bioethanol production from sugarcane bagasse using enzyme method
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cellulolyticus\Z& 2N A1 A T2 /—IVELER I - DEE, BARENITF
AASHEBEEE Vol.62 p153 (2010)
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weighing container
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Abstract

The TSK Container is the main equipment of Container Han-
dling System applied to powder plants, and functions as the feeder
for the powder weighing process. The flow rate of the powder
discharged from this container can be controlled by varying the
opening ratio of the bottom corn-type valve, without using other
powder feeders such as rotary valves. Furthermore, by improving
the powder discharge system in 2016, the application of the TSK
container was expanded into low-fluidity powders, and higher-
accuracy weighing also was achieved. This article introduces the
structure and features of the TSK container, including the weighing

results of some powders.
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X—T— KA T BEARUST RE
Keyword : Container, Powder handling, Weighing
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“TSK container” Discharge flow rate controllable
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Fig.1 TSK Container
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Table1 The specification of TSK Container
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Fig.2 Weighing Station
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Table2 The result of weighing test
- FHEAE  FHENSE FHERER PR ZEA  HhE
[kg] (3o)l g] [#] [um] ] @A)
o3[ ara g 0.4 +5 #9130 0.9 49 0.55
fiftlg /U7 A 1 +3 #9130 11 55 1.78
EEfR SN D A 2 +7 %40 4 56 0.45
fifb~rH 7 £10 #4160 4.9 55 1.31
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“Business report”

Challenge to lead a success of overseas affiliate’s business

in Malaysia
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Abstract

Business activities of Tsukishima Engineering (Malaysia), i.e., TEM, who is the Tsuk-
ishima Kikai (TSK) affiliate in Malaysia, are introduced. Malaysia had a close and friendly
relationship with Japan over many years, where about 1,400 Japanese companies are in
operation now. To serve industrial manufacturers in Malaysia, TEM started the business in
February, 1991. Since then, TEM worked in supplying and fabricating process equipment
for the chemical and food industries at first, and nowadays, for extending TSK’s business in
Malaysia, TEM also works as the on-shore EPC contractor in Malaysia of plant and factory
construction project in the chemical, food and environmental fields. In this article, author
reports on the characteristics and noted points on Malaysian business, and he also mentions
some remarkable business fields in which TSK group companies may find opportunities to

explore business using TSK’s core technologies.
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Fig1 Gas chromatography for digestion gas analysis
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Fig3 Relationship between measured calorific value of sewage sludge

and estimated calorific value using Dulong's equation.
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