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HEAT BALANCE IN CO-COMBUSTION OF SEWAGE SLUDGE AND MUNICIPAL REFUSE

FOFBAL*, MHBEE*, AR **
Shunsoku KYOSAI*, Katsunobu SAKURAI*, Hirofumi OKAHISA**

ABSTRACT; One of the fundamental factors in selecting a system of co-combustion
of dewatered sewage sludge and municipal refuse is a water content of feed sludge
to a furnace, namely dewatered sludge or sludge dried by excess heat from the furnece.
Comparison of heat balance between two co-combustion systems was carried out in
this study. The feed sludge to System 1 and to System 2 was dewatered sludge
and dried sludge, respectively. The two Systems had the same units of a grate-
fired waterwalled combustion unit, a boiler, a generation unit, an exhaust gas
treatment unit and so on except a sludge drying unit for System 2. Following
ore the results of this study. A. A range of an autogeneous co-combustion ratio
is wider in System 2 than in System 1. The co-combustion ratio means a ratio
of dewatered sludge incinerated to refuse incinerated by weight. B. Comparison
of energy costs between the two Systems reveals that System 2. is better than System 1
when autogeneous combustion is not possible, but there is little difference between the
two Systems if autogeneous combustion is realized. C. Even if a low heat value is
constant, the higher the water content is, the lower the value of sludge as fuel is.
In order to solve the problem, new three definitions of heat value are compared
with the low heat value.

KEYWORDS; co-combustion, sewage sludge, municipal refuse, low heat value
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tto*x —--41 |- §.t§§£xl _______________ ;
I | | 4 Water * i
._.__ SteamDryer _ _ Drain | Scrubber i Stack

eat
Refuse Flue Gas A\ Exchanger
—-—-= System 1 (No Dryer)
Fuel ;

---------- System 2 (With Dryer) Air Drain to «

Energy Recovery Unit

Steam from Boiler
Steam Turbine

Common to System 1 and 2

to *
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Fig. 1  Flowsheet of Co-combustion System
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Table 1 Simulation Conditions

1. Characteristics of Heavy Oil, Feed Refuse and
Feed Sludge
u. Composition & High Heat Value (HCV) of

Corbustible
i b e k) b povaoiaw
beavr o] gs.o] 12.0] 0.4 09 00f 090 10,0
merose | 50 sof 20 o8 1035 5]
e | 52.0] 0] o0 1o ool g 5

b. NO. & Low Heat Value (LCV) of Dewatered Sludge
a~2l40 50 80 70 [eo
80 1; 453 [2;856 [3;859 |4;1081 [5;1264
85 6; 322 ]7,499 |8;877 ]9;854 |10;1032
70 11;181 [12;343 [13;495 [14;847 [|15;7898
75 16; 59 [17;186 [18;313 [|19;440 ]20,566
80 21;-72 [22;29 [23;131 [24;232 [25;334
A: Water Contertt ( % )
B; Combustible { % )
c. Name & LCV of Refuse
wse c b EF B bl
WATER CONTENT| 30| 25| 40| 450 50| 55 60| B 70
CONBUSTIBLE | 76| 76| 760 8 7 78 7 o 1§
LCY 1,48312, 26312, 14311,6231 1, 803] 1, 3831, 183 43) 78

d. LCV Calculation (kecal/kg)
LCV = HOVe x (1 — WC/100) x 00/100 - 597 x (9 x
H/100 x (1 — WC/100) x 00/100 + WC/100))
HCVe = HOV of combustible (kcal/kg)
WC = Water content (%)
@ = combustible (%)

2, Cambustion Conditions of Furnace
a. Teoretical Values (per 1 kg of combustible)
Dry Air (kg) = 1/23.3 x (/12 x C + 16/2 x (H
- Cl/35.5) + 32/ xS -0)
Water Made by Combustion (kKg) = 1/100 x 18/2 x
(H - C1/38.5)
Flue Gas (kg) = (Dry Air) + 1 — (Water Made by
Combustion)

3. Effeciency of Other Facilities
a. Boiler 9%
b. Steam Uryer 95%
c. Stean Air Heater 95%
d. Generator 65%
4, Operation Canditions of Facilities
a. Furnace
Air Ratio to Sludge & Refuse 1.7 - 2.2
to Heavy 0il 1.3
Outlet Gas Temperature 800 - 950 L
b. Boiler
Outlet Gas Temperature 280 %
Generated Steam Tenp. 170 - 268 ¢
Enthalpy 661 — 704 kcal/kg
Pressure 8 - 10.8 ata.
Termp. 140 C
Enthalpy 142 keal/kg

Feed Water

C. S‘oeamDryer
Inlet Air 20 C OOBkgHO/ngryAlr

OutletAerOC 0.5kg+H O/kg-Dry Air

Dried Cake 80 C A% - 68}6 of Water Content

Enthalpy of Inlet Water 661 kcal/kg

Enthalpy of Urain 171 kecal/kg

d. Steam Air Heater

Heated Air Temp. 20 150 %

Enthalpy of Inlet Steam 661 keal/kg

Enthalpy of Drain 171 keal/kg

e. Scrubber

OQutlet Cas 40 C, 0.0488 kg-H,0/kg-Dry Air
(samr-ated)

Water Tenp. Inlet : 20 °C, Outlet : 50 °C
f. Heat Exchanger for White Smoke Prevention

Outlet Gas Temp. 95 %
Enthalpy of Inlet Steam 661 keal/xg
Enthalpy of Drain 171 keal/kg

g. Steam Turbine
Enthalpy of Inlet Steam
Enthalpy of Outlet Steam
Back Pressure or Extraction
Condensation

661 ~ 704 kcal/kg

661 keal/kg
563 keal/kg

5. Other Caditions

aw Basls of ieat algnce Calculation O % & Hov
b. Abient Air 20 °C, 0.0L kg'H0/Ory Air

c. Gas Density Dry Air 129kg/l\hl:33
Flue Gas 1.34 kg/Nn3
Steam 0.80 kg/hm

d. Gas Specific geat at Constant Pressure (Avarage
Value from O "C to the temperature)

TEMP(¢°C) |0-150 |0-400 |0-650 (0-800

DRY AIR 0.242| 0.247| 0.253] 0.256
FLUE GAS| 0.248| 0.253| 0.259| 0.282
STEAM 0.451] 0.467) 0.484] 0.496

6. Diagrams of System Control

&, Control of Outlet Gas Teny. from Furnace

800 °C _Outlet-Gas Temp. 950 °c
\I-lea\(y 0il Consumtion 0

150 °C  Cambustion Alr Jemp. 20 ¢

4% _WC of Dried Shudge-(System 2) 60 %

1.7 Air Ratio ~ 2.2

0 Cooling Water Consumption /

low Heat Value High
b. Selection of Steam Turbine 7~ Electric
Generation

Heavy 0il Consumption for Boiler 0

661 e —
keal/kg _Enthalpy of Genefated Steam keal/kg
No by Back by Extrac-

Electric Pressure tion and
Generation |Turbine Condensation

Turbine |
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Bxvsrve—@dikz vy —OTRETHANHEALZER
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M—-2icvaiv—vavicBwkr7as7sa070—
Fr—bMERT,
4, VIal—a KR
Yialb—va vi3iER25 B, CHIEE, Y254
2FEHEOMEED 450 —RiITHWT, — IR
(THIHNTEMABRKEROERE ) %2 0~0. 1iKE(L
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—F_____._—
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]

[ HB of Dryer 1 [ wC=wC of DWSL |
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FEN : Furnace Y
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s T
T ;
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from Furnace Consump. of CW__|
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AR Air Ratio
CW  : Cooling Water

SSET : Specific Steam Enthalpy
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1
S
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v
(_Enc, Recovery Condi, | [ Recovered Flec, = 0|
T
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Fig. 2 Simulation Flowchart
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EBEBV, Chid, EREOHFRORBBOBMREL Fick 2700 T, b bEROEHICLS,
d. LE0D0YZAFLTHARTLIBEEOBENENRIIR, M 2T LTIRITZEL V. YR T 42 THERBGESE
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4.2 HABTHRELL

EKE60%, DR E0 BTEMFEREN 1,264 kcal / kg EEHWEHRS & TAHDBEAR &, TAA, C,
—126—



Table 2

Range of Autogenous Co-Combustion Ratio

System 1 2

Refuse A C E G 1 A C E G I
é’a Water Content(%) 30 40 50 60 70 30 40 50 80 70
5) chbnstibld%) 75 75 75 75 75 75 75 75 75 75

(kc%lc/¥g) 2,483 2,043 1,603 1,163 723 | 2,483 2,043 | 1,603 1,163 723

116040 453 [0-2.63 | 0-175 [0-0.88 |Only 0 |Xx* 0-* 0- 0- 0- 5.2-
2 | 60|50 656 10-3.65 | 0-2.43 |0-1.21 [Oniy 0 |X 0- 0~ 0- 0- 2.0~
3] 60]60 859 [0-595 | 0-3.95 |0-1.97 |Only 0 |x 0- 0- 0- 0- 1.2-
4 [60|70]| 1,061 [0-159 |[0-10.6 [0-527 |Only 0 |x 0- 0- 0- 0- 0.88-
5 160(80] 1,264 [0- 0- 0- 0- 8.1~ 0- 0- 0- 0- 0.68-
11| 70|40 191 |0-162 {0-1.08 |0-0.54 |[Only 0 |x 0-8.2 0-6.4 0-4.6 0-2.8 x
12 [70|50| 343 [0-1.85 |0-123 |0-062 |Only 0 |x 0-18 [0-14 0-10 0-6.2 | Only286
13 |70060| 495 |0-2.17 | 0-1.45 |0-072 |Only 0 |x o 0- - |o- 16-
14 {70 {70 647 |0-2.62 | 0-175 {0-0.87 |[Only 0 |x 0- 0- 0- 0- 1.2-
15 1 70| 80 799 |0-331 | 0-220 |0-1.10 |Omly 0 |Xx 0- 0- 0- 0~ 0.92-
21| 80|40 -72 10-1.16 | 0-078 |0-039 |Only 0 |X 0-40 |0-3.0 0-2.2 0-1.2 x
22 {8050 29 |0-1.24 |0-083 |0-041 [Only 0 | X 0-48 |0-3.6 0-2.6 0-1.6 X
23 1 80| 60 131 |0-1.33 | 0-0.88 |[0-0.44 |Only 0 [x 0-6.0 [0-48 0-3.2 0-2.0 X
24 | 80170 232 |0-1.43 0-0.95 {0-047 Only 0 | X 0- 8.4 0-6.6 0-4.6 0-2.6 X
25 | 80 80 334 [0-1.54 | 0-103 |0-051 |Only0 |X 0-12 0-10 0-7.6 0-4.4 1.4-16
*

at
Furnace Outlet

Supplemental Gas Temperature
Heavy
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of
Combustion Air

of
I'eed Sludge

Water Content

LCV
of
Feed Mixture

Recovered
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(=]

Oit
%) °C) (kg/t) °C)

(kcal/kg)

Power
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1000
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120
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2) )
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ARE#ME, ACV (kcal/kg)=ECV~Te+« (AR—1)(DA*Cr, pa+HA*Cr,u )

2ZT, HCV AN EhiHeE ( kcal/kg) M I &KE(%)
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Cru; Crana; Cryone : 0CTHETCE TOKRER, BRBEEN RDEELS ( kcal/kg)
LAS (KBS ELHTEER ( keal/kg )

[CVIRLCVhOBMENTORNSETCE TR TFEDORMLERBBRAEI VI EDTHS, ECVIEERILT
FERMEEL IBGO AR EL SRBFEDTH B, ACVII—IBHIEABETEL S RKHI bDTERLA RDIEH
ZENTV 5,

K-8 RBROZNTNORMEBE—TILL, AKEL60~80% £lLEH, YR 741 TIAF EBBRLIES
DEHMREMMBERERLIODTHSE (AR=17, T=2800, LASRIFEDH OBMBKIcELELTO,Crpa =
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WE LT ARELD, ACV—EDBERAKENE6 0~80BICEAL THEHRIRERRIZ 0.3 &—~ELLLDIC
L, ECV, 1CV, LCV—EDHE&ERIEAZEN,
0.33~0.27, 0.35~0.26, 0.37~0.25 £¢ZfLL T 3%, &

0.4 -
7z, BMRLIRBREIICE T 2 PR AREMOAC VI 20 -~ Refuse F
~30keal/kg &7 ~120 COMBRSFED OBBEECHIE & 7 System 1
Lz
TELDTH S, g
KI-91kAC V%400 keal/kg &—ElLIBED 3 & 4
LCV, ICV, ECVOZE(LARLELDTH B, £ 2
E
T T TADDRME| COL\’C%%‘&% LCV—>ICV & o o—o ACV = -400 kcal/kg
s 38 x—x ECV = -239 "
—ECV—>ACVE&FTK EROBMEEICEIL - RAR An OV = -6
matm,%ﬁ%@m%&tfucwmw@nrwact oo LV E 813 .
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=i L L RABBEOIDORAED 2 Water Content of Sludge (%)
KkFHokHL, 1CV, ECVIET, ACVTHTE
AREWVSBEEREEZ AN TRITRD LNV, 5T, Fig. 8 Water Content of Sludge and
Maximum Co-combustion Ratio
TEARDD L T@J)ﬁ)lﬁlﬁ’cg %t’ﬁrj‘i LCVXDICY, — ACV, ECV, ICV, and LCV
ECVEHOWAENEIWEEZ A, ICVEECVTHR of Sludge are Constant
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Fig. 9 Variation of ECV, ICV, and LCV at Constant ACV
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