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FLTWhEDZ ETHoTze TN, WHEDOHZD
BER - MEDEKEE 60%, B H R EIRRE
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IZOWTIEEER L 2\ IRARRGICARSE L 7285000 1,
& EHEET % 3 t-wet/h (=72 t-wet/day), HIEDHEH
&= % 2 t-wet/h (=48 t-wet/day) & L 7z. BEHF D
HTTREE 1 850T, VA DimE%E 20C & L7z. F 72,
BEHVF A & o EvE 1L, %EMES (B t-wet/h) TO
HIREBERRBERy (B IR A M) To A&
DTRYT—EEME L (HILHERK 1.4G]/h, F
MALTE R 1.3 GJ/h) o £ D13, BICEEHEICHE T
%785 A — %1% Table 2 D% H 72,

2.2 FEVMRECETIEREIHEFE
HES\IEARRNA F < A B WBIRE S LTS
LI LEMEL BRI (I—NVF77—3%AMF) %
T, 4 AT O TR, 2 5 3RECL 7238 L O i
KGR &SR - N B (% 2 fi5H) & ORBEER %
TFoTwaW, EETIX, FBIBTORE K OBHAT
JeLTER - AEDOREGEHGZZLS LT LIZLD,
BONDIKBED L HIZZALT HO0HE L7z 2D
B, EBRO G CIXESIFNO LB I E AT

Table 1 Parameters of sludge and biomass used in calculations

i e | HEOTR AL sy 1o | o | A s i %

&Kk | % 80 78 0
PR | % DS | 756 855 953 800 1000
K 4| %DS | 244 145 47 200 00 %gg;?gﬁ?&bt

C %-DS | 495 424 463 392 86.2

H %-DS 84 69 66 57 132

N %-DS 80 63 08 17 00

0 %-DS | 327 29.2 422 340 00 Eﬁ@igi'amS%

S %-DS 14 07 01 05 06

ALO: | %K 96 147 05 20 00

P.0s | %K 316 387 47 116 00

KO | %Ik 15 32 129 380 00

Ca0 | %Ik 99 89 487 98 00

Fe0n | %K 163 130 29 26 00
5 HE K] /kg-DS| 17300 | 19200 | 18600 | 16400 | 45590
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Table 2 Parameters of heat-balance calculations

fili B fir s & i

S 2454 | kJ/kg-H:0 20C 1atm 22)

et 1.3 23)
FEHEIR & 20 T (ii5E)
SR T ARE | 850 T (I5E)
PRIGET B2 5RIE | 650 T (ii5E)

KA 0.01 |kg-H:0/kg-DA 207 AHXHEIE 70% % 55E 24)

KD H Bk 4.19 k]/kg-C 25)

724 I 1.08 k]/kg-C 26)

N, (F2) @k# [1.10 k]/kg-C 0-850C DF-34 it 26)

0, (FR) OIH [1.02 k]/kg-C (S 7 0-800°C D P & 26)

H,0 (FA) OILE 12,09 k]/kg-C 0-900C O EEDFEI 2R L, | 26)

CO, (W A) DI# |1.10 k]/kg-C AR 26)

SO, (FA) D 0772 k]/kg-T 26)

HEAT A HRIK S 0 k| 0.84 k]/kg-C 27)

Table3 Coefficients of constants and explanatory
variables in Egs. (3) and (4)

TEHUR Cua —9.0
Kp,05 0.53
Egs. (3) | SiHAZH® | ki 3.1
FRE Kanos —12
kFez% 1.3
TEROH Cs —1.2x10*
lp,o5 5.9x10%
Egs. (4) | SIAZEO | lko 3.4x10°
'1?%;5( l,\1203 713X103
lFe,0; 1.4x%10°
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L OB E T EREE R (B AALE] L TR B E T 5
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BAZEE L L-E BRI L o TRD 72 (Egs. (3),
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Lf:ffﬂu:% [PzOs, K0, Aleg, Fezosl @?{fﬂoy/a\?b
WA, MOEALY) DM AE DR L T, MK
JE X (A EIRGFE AR HEE TE 720 Egs. (3), (4) D
2% % Table 3 12789,

IR y=A exp(—B/T) Egs. (1)
my=nA—BIT Egs. (2)
lnA=C1,,A+;(kl~>< W) Egs. (3)
B=Cpt+Z(lX W) Egs. (4)
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D, y=20(dry-g/dry-Ik kg) & 7% AiE Tw(C) %
K7z,

Tow=DB/(In A—In 20)—273.15 Egs. (5)
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Fig.1 Scope of GHG emission calculation
Table 4 Parameters for GHG emission calculation
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g ER YT ) 275 |kgCO/L - 135)
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04*7Xfw%vx%¢% 0.018 t-dry/km?® (FEW T — & &I L 73EsEfE)
VA
sre ke (F7KE) 60% (R5EfiE)
A (E7KER) 80% (fRoEfiE)
RS ZHM - 2t7%y 7 —H (N4 G~ ZFEETI— b R ULPR i %
iy 50% (s fH)
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CO.FHti 0325 ke COSRM Iy o g (40 8 - FlRe 50%) DI
o O oo |39)
g | (7 730 133 | CO/RE Ay |\ pn 4 g xR L L k% A LA
Loy b E 165 g-CO»/kg-dry |39)
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REALE (REHME) oY F ) Ak LT, Ok
DI (FIKE60%) @ Witz BT (FKE 40%)
@ WAL v ME (BKRE10%) % i%E L7z, X
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(2, thRALERRGRR X IC e IS ), SRk L
7o AN DT ER - A EH LIS O FEAREEREY O
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200 V =M CTHED 0.8 LIET L 32kW D
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23 4.29X107*(t-CO2/kWh) & &N TW5H 720, HHiak
WZBE D IRER R AT APEH 1349 33 kg-CO./day F2E
ERE SN,
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FIHRHERT A A2 LRI ER N OCRIEN AT $ 5 2 &2
PENE LT B REMEIZEE SN DD, KA TIEER
WZEAED e EIRE L, FHEEZ AL 72,

IR K D IRERN R T AR = 2O W T, 59
ER R OREDMEC L 03N L 72Kk LT, i
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{177,
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S
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R LT DIEM K ONEOEEGIEALT 5720, FH¥E
WIEEHEESPE L S, F2CT23IWR LA ATHD
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Lo THEAT L ER I ORRIZT T ERK 1 T,
BREIC X DT BRI T RTNE 2 THEUTE S
EARTE L 720 T DFMEFFEIZOVWTIE, 2.2 LFL
FhEeMH L7z, £72, 0720, SEBK U E
DOWETFE I ER E A ETHTTHREE 2T, 3%
BENEO AR L) OEFHER (EYWER)
IS, BAEEEOADPERICAL TELT 5L
e L7ze PEERE I COEKREX, BED-OFHIC
X5 —5% (BIE 60%, ME 80%) & L, Il4EE
DOIER ENEOE G A EZE L T ERIERE L KD

720 AEMTCTOMMEBRE T APEHEIE L, FEla

L7z E 0P E (EMOREMAZEHH) 5555k
Fe OR A2 L - odliE (Fig. 1 O#iBH) %75]
EHL TR,

BER LN EOFEABGIE, BAEREFEMBIC AT
Mo TIRAN 272V AFYE R 1T o TV B KR
HloR Z & O3FER - NEEDEIE (PR 30 45
47) (BT 2R R SR 72,

3. MR EEE

3.1 #EMRME L TRELHERRUNESR

BEKRFIZBWTLEL 2 D3 EA K ORI F &
Fig. 2 I2/” ¥,

HALHRZ S L Lca, 3wkt 1 ZiBiiE &
LCHEHT 5L, SEMOEKE 60% TdhILXTREE
UL 32%, FKE 40% THITRBESR 18% Th - 72,
SHIZRLy MEEREE L 2&KE 10% Th L,
RBEZREN 11% & 720, 2t LiERBEREOREHMED
WAMEE NS 10 EE %O EFREDMHEE 25720 —
Ji, RE 2 Z R RELE LTI 5 &, &KE
60% THIUITEBERIZ 37%, EKE 40% THILIZR
BEER 20% FEFE TH o 720 KEZDWT HEFER & [F
Bic_ Ly MET 52 & 2B L2EKE10% O L
SIRBERIL 12% & 2o 720 BB & TN EILS
MREBEPRC, IKTbEWOIkE LTRE T2
BEHEZNWIZ LMD, BBEEAT) 72D EKREIC2
b5 TIRBERDE 7 S EAAS A STz,

KEILDHERE R L LI2WE, BER 1 2 Mk
BELTHERT S L, SEMDEKIE60% Thilld
RBEFIL 19%, &K 40% Td IXRBER 10% T
Hotze SHITNRL y MEEZEE L 72E7K2 10% T
HIURX, BIEEDL1% & ol —T7, RFE 2 24
Bkt L TR T L, &7KE60% ThILIZTRSE
L 24%, EIKFE 40% ThHIITRBERE 12% FH£ET
a’?)of:o

TIT, BERYVICLS L, RIHLHREBEHL TV
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Fig.2 Water content in biomass fuels and co-combustion rate of
biomass fuels during self-combustion
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Fig.3 Water content in biomass fuels and amount of ash derived
from biomass fuels during self-combustion

% FEALPRL T EIKE 40% OAREF v 7% 25 H )
WRELE LCEH L, iy ADMHEL 2/3 IZHIET
LRERERT VD, COREHINIKRET v TEE

L5 L, AMOBRRICIRE S 2L, #99% %D,

BEAQSERE L RTEM RGN T 5 2 LSRR T E 72,
HALHETR., REALTHERIZ» b 5, FHER KO
R EE D & KDY 40% 72> 5 60% (ZHEHN$ % & IR EER
MR 2 RmICEEI L 7 S, BAEENLD OB
AN KA & B A G\ 72 (BEEIIA O il 43
W) D, EIKED 40% OWABIERK 1 TR 6.7
M]/kg-wet, XJE 2 T 5.7 M]J/kg-wet TdH o 72D
XL, &REDI60% TlEF N2 3.1 MJ/kg-wet,
24 MJ/kg-wet &R0 L2720, HIEDOPRSE
WZBE R R E O ANEHR 2 EmE o722 L8
LTz, ek 7)) v 7T, BTSN 5 BHARD
ey D& IKZED 40~60% FEE L D Z & Th - 7275,
COHFHTOEKREO LT PREVHIRERICE 2 5
HEIIREWEEZ BN,

$72, IKOFEREIZOWT, Fig. 31271, SIERK
1 DIKGTDS 4 %-DS, AME 2 DIK53HS 20%-DS TH 5
720, fEHS ABER R OREIZ X ) K O5sAR I
WS BDEDTEAE LT F72, GKEDNEL e bGE
&, RBEEA B ) T A RESBEINT A 720, JK
OFEEDIMT HEMAA SN2 HILHTR 2
t-wet/h ZBEH L 7B O HIRH R DK 2% 98 kg/h, &
HILHBE R THNIE 64kg/h THDHZ & LT L &
R HH 3k D BEHIK I ZTEIR D 2255 7 & B A2 6] S5 A2 i
SEERCTIE 20% Aditi & ) BIRTH - 72 40 3 t/h
OBEHIFIZRF LT, HIROBARD 2 t/h D4E Tt
AT o TV DD, BN VEKEDY 10% (HALTHE
ROWE) L I1F40% CREILHROLE) &0
BN ETHIUE, BEAFOBEHFOFES) TIKOALEE S
TEXBLEEZZTIVEVIFEEIE SN,

3.2 EMREICET 3 ERMETHE
Eqgs. (5) 12XV, K52 y=20(dry-g/dry-Jk
kg) & 7% HinfE Ty %KM E% Table 5 127R7 T,

Table5 Resultsof T Hifi: C

INA T = A Ak Ak RS R

K BIERL 1 A5 2 SYEAL 1 Al 2
0% 938 865 952 873
10% 937 864 952 872
20% 937 863 951 870
30% 936 861 950 869
40% 935 859 949 866
50% 933 856 947 863
60% 930 852 944 857
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Table 6 Existing ash-adherence potential estimation formulas

i (2
< Fezos O AZzOs 9+ CaO z MgO 2)/< PzOs )
BE 5 O)Jt“) F%EJ%“%TLH%IJ M(FezO:s) M(Ale:s) M(CaO) 3 M(MQO) 3 M( 205)
LY X e
| Fe,0s ALO, CaO, MgO, P.Os: BEHUKHOBE (wt%)
M) fLEW i D5F= (g/mol)
(F8203+ CaO +NdzO+K30+MgO)/(SZOz+AZan+ TlOg) XPZO5/100
TiFEHOR? | I A ) A
BT OEFHRIK T 2 BRSSO HEEE (wt%)

FIERIZOWTIE, AFEE HARTIKGEIME N 720,
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—7, MEZFHERELE L TR A, &KER
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850T 12D < 7 L &fkiyIZ 850~870CHI A & %2 1),
JFN ORI & > TIBERANONE DV FET L2 LD
EZONLIMET &R o7,
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KEE 0% ICHRET L L, FUIKGEE D AMPT
DIRBERIL 86% & 725, SRIORETIINIE 2 DE
KE% 0% TREER 10% &5 & HRT BRI
5, Twld 85T & A0, D7 — A TIXEHD
FEERE D 2% RBEREDE ML 2D REEE
WEELIEE THoNRTTAZIEEEZ L E, WRE
B RICAI L -5HEH R ot Ex oz, —
i, RN 2 WALTE R & BYERE 1 OIRBEERRTIE, &
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bl otz TNE CaE L EITNTWLRERDOH
Bz owTix, #EENIC CalcB T AHHE TN
TV, ToDTFUREELRS 5 Z LIZHEKT S
EEZ BN, 72720, TLE TIEEIKR T ORI
s L 7o BB EE Wz, TRGIREESFEO %SG
Bk R IR AT A PRV B9 % BFAM - FillsX (Table 6) 12
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TR (1.0 L ET%4) OMEIZBINT % 72 o Rk L
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KT 51TE, LEETLHMBIREEIRAT 2720,
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Fig.4 Calculation of GHG emission from burning digested sludge
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120:1 L %2> THBY, kiR L OBIBER LT ER T
LEBBURA—HLAFEREEZ N,

Dbk, RoRESEMEICBW T, RENET
APEHE OB 1L, SRR E EIKE 40% OB
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AAE5E), 80% (8-9 AfHwE) o 4B TH&keEL, &
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5.3% (1-2 AfH5E), 18% (10-12 A & 1¥ 3-4 A %),
43% (5-7 AH5E), 67% (8-9 HMHE) L7z,
(2) BEREEOBERR UNEDREER

BER EAEARAIREED & X212, BEKRIZBW
THRT 2 DICHE 2GR E DRAHE% Table 7 1278
o R E L CHEAE 2 BEER E A ORGE S
ML TH, ABOBER KON EOREEERICS 2
LR BEHFY)REL L, FNLEICEKREOLEE)
WD B OB REL R BERPEON, ZDZ
EMD, EMEZELTLESTLBENT, B2 IEEK
= 60% DY) CHITH 23~26 t-wet/day, &K
2 A40% O 4 F IR © & U3 11 t-wet/day,
EIRFE10% oL vy b THIZE, £ 6t-wet/day &
L biERER o7,

BB ORI EH R DK 58 E = % Table 8 12777,
RBERLATERZ Y, BN 5o 2 RO EAH NS
BAEVIR O SEA B I 2 EH A A S, FHEiC
Lo TH 3RHERT HERIMES Lz S Wl REAT
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Fig.5 Percentage of cut grasses in grass and woody biomass derived from the management of public facilities
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Table 7 Co-combustion rates by month and the moisture content

1-2 |3, 2 e |57 HAE |89
EAK R e (wem Wk |WER: "

ME=9:1| XH=7:3 | AE=4:6 | ME=2:8
0% 9% 9% 9% 10% 10% 10%
10% | 11% 11% 11% 11% 11% 12%
20% | 12% 12% 12% 13% 13% 14%
30% | 14% 14% 15% 15% 16% 16%
40% | 18% 18% 18% 19% 19% 20%
50% | 23% 23% 23% 24% 25% 26%
60% | 32% 32% 33% 34% 35% 37%

Table8 Ash production from biomass fuels by month and the
moisture content Hif7 © kg-DS/h

12 gz | N2 s 7 s s pamse
P 3-4 HHGE i
SRR e [t [ WERc | R
ME=9:1| MHE=7:3| AE=4:6| HNi=2:8
0% | 10 11 16 2 33 | 47
10% | 10 12 16 2 34 | 48
20% | 10 12 17 2% 36 | 51
30% | 11 13 18 28 39 |55
0% | 12 14 19 31 2 |60
50% | 14 16 22 36 9 |0
60% | 17 21 29 16 65 | 9

Table9 7 by month and the moisture content Hf7 : C

1-2 gass | L0121 Ts7 i (a0 s
Sokete | 3t - SA AR ‘ N
Tk Wtk ek | ek
ME=9:1| ME=7:3| ME=4:6| AEH=2:8
0% | 938 927 910 888 875 865
10% | 937 927 909 887 874 864
20% | 937 926 908 885 873 863
30% | 936 925 906 884 872 861
40% | 935 923 904 881 869 859
50% | 933 921 900 877 866 856
60% | 930 915 893 871 860 852
Wik DA, 8-9 HE T D& KE 60% D #

BTUE, IKOWBEET) 2 S 5 720, EERHEE L v
EWV ) IERPE LNz,
3) THDOHREHER
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M3 2128k, Tud/hE < 2 2 EA2SHEICA S L
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Fig. 6 Estimation of monthly GHG emissions
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Abstract

Various studies have investigated the use of biomass as an auxiliary fuel in sewage sludge
incinerators to reduce greenhouse gas (GHG) emissions. In this study, the mixing conditions of
biomass were determined by considering ash adhesion in the incinerator and the reduction in the
GHG emission amount. When only cut grass was used as the auxiliary fuel, ash adhered to the furnace
wall. Meanwhile, when biomass fuel was mixed with prunings and cut grasses, no adhesion occurred
at 850 throughout the year. Furthermore, the maximum annual GHG reduction was estimated to be
approximately 1,600 t-CO,/year under the assumed scenarios.
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