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The design method for the energy saving combustion on the
sewage sludge incineration systems
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Tadahiro Murakami Kazumi Suzuki
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Kaoru Sasabe

ABSTRACT : Currently, more than fifty per cent of sewage sludge generated in municipal wastewater
treatment plants has been incinerated with mainly heavy oil in Japan. The increase in
energy costs over ten years has necessitated the improvements of current incineration
systems to make them more energy efficient.

The objectives of this study are as follows :

- to investigate thermal characteristics of dewatered sewage cake,

- to review features of incineration systems.

-to survey process performances of incinerators in wastewater treatment plants,

- to evaluate operating conditions of autogeneous combustion of sewage sludge, and

-to evaluate economical aspects of autogeneous combustion system.

KEYWORDS: sewage sludge, incineration, autogeneous combustion, ingnition loss, higher calorific

value
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Table 1 Kinds and numbers of sludge samples

Dewgtermg Collection Klir:ld of | No. ) T?lt)al T?zt)al Gross
p A . machine system sludge samples
O 2DFB|ICHSTEREF OBEHIC Centrifuge | Combined | Digested 7 9 15
FoTtkADLH>ICERTES, (K Fresh 2
—1) 2 Separate Digested 2 6
8 Fresh 4
(E¥F%>Hh =583V — 193 g Belt press | Combined | Digested 4 7 17
— Kol Fresh 3
Hh =555V go_‘ Separate Digested 4 10
(WHH> Hh = 564 V — 513 Fresh 5
_ Screw press | Separate Fresh 1 1 1 59
Hh =463 V Vacuum Combined | Digested 4 8 14
ZZT, Hh BN RH#E filter Fresh 4
B 2 Separate Digestef 2 6
( kcal /kg-DS) g Frosh ?
V. ERYERE (%) g | Falter press | Combined | Digested 2 6 12
@ BAKEROERERGS D OE | - Lresh :
eparate Dagested 3 6
NREEHREBIT, SNRABOKIBET Fresh 3
Note : Fresh means the thickend sludge of primary and waste activated
b, sludge.
3 BRIABKEROAMSDILE
MERE, FHETUTOEED TH 5,
® % & B E:C=536%
K £ & fF1 E:H= 68%
2 % &4 F L:N= 80%
AMUERESEE: S= 10%
M £ 4 48 :.0=306%
4) BMEBREKEROEBVMEFE SURABLICTRIOTLEMKE, AXRENE (a ) LEBLE

ZHBEMB (L)Y ARNSA—ZELTUTOLICERTE B,

a T T T T
E’ Sooor © Polymer cake ]
. = O Polymer cake (digested )
rma g vi= 1002020 a0 (g R
I+a = 1000k B Lime cake (digested ) ]
Z
Sl s s Hh— 107 398 (a2~ 06945 ) £ Hho s it g oo
1 + @ ESOOO’ 4
K
. . C/100 g 64Vt
pxank: c=S1% <100 (%) : =g s
o 2000 4
. ., 100 + 0.03 « 2
KEEFE: H’z%—“— X 100 (%) z
a < 1000 [~ .
8
. 100 %
sxans: N=22% 100 (%) r o
0 20 ) &6 30 08
Igmtion loss (V) (%)
A RES AR S= Sl/ioti) X 100 (%) Fig. | Ignition loss and hugher calori-

fic value of dewatered cake
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Table 2 Typical sludge incineration system in Japan

Process | 1yPe of furnace

T
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Location of : l
drying process
Studge I
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Studge Aur ratio I
ncine- i
ration | Exhaust gas |
circulation |
ratio ’
Usage of 1
Hoat | TeCOVTY heat [furnace & dryer ] L
eat | " b - _T___
recov-
ery Recovery | I Heat exchanger [Heat exchanger |] Low eff1- High eff1- Heat exchanger
methods Heat exchanger for afterburner |for combustion | ciency heat ctency heat or air pre=
to furnace for air preheating | amr & c"c“lsumi exchanger exchanger heating
______________ +‘_____.__,,,, ————— bid PPN S Sy gt S P
Eee | Cwamre) | | PP | e e
sludge dryer 4 J
Deodo | Methods of i Offgass withdrawal
nzation| deodorization afterburner f{om wncineration
stage
T I £ T
System name §—1 | M-3 M4 | [Fa ) [Fz] [F—3 ] [¥F5] CF=e
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Table 3 Operational conditions of each incineration system in MHF

System _ _ _ -
Item M-1 M-2 M-3 M-4
Air ratio (-] 20 13 13 1.3
Temperature of offgas T, (°C] 350 350 350 800
Shaft cooling air Ty (°C) 125 125 125 125
Preheating air Ty (°C) 20 20 20 650
Temperature of ash Ty (°C) 300 300 300 300
Recirculation offgas T, (°C) — 350 350 500
Air ratio in AB (=) 1.2 12 1.2 -
Offgas inlet of ABHC T (°C) 40 40 40 —
Offgas inlet of AB Tg (°C) 250 250 250 -
Preheating air in AB T, (°C) 20 20 500 —
Offgas outlet of AB Ty(°C) 400 400 400 —
Offgas outlet of ABHC Ty (°C) =150 > 150 =150 -
Shaft cooling air AG (kg /hr] AG=(0572T+282) X 60 X 1.29 T : Scale
Recirculation offgas GJ (kg /hr) _ 03 10 1o
Offgas GOUT {kg/hr)
Flue i Exhaust gas
AG GOUT treatment Ty Flue
T, [
. L [ L N v
20C i N
I - ®
i
¥ Blower Fuel
—® Shaft cooling fan
Ash 1T, 20°C terbuener
AB ! Afterburner
ABHC : Heat exchanger for afterburner
Table 4 Operational conditions of each system in FBF and SF
System | F B F | SF
Item F—1 F-2 F-3 F—4 | F-5 S—1
Air ratio (=) 13 13 13 13 13 15
Temp. of offgas T; (°C) 800 800 800 800 800 850 LLE
Preheating air T, [°C) 500 650 530 20 400 170 LIF
Temp. at outlet of By cal- By cal- By cal- 800 By cal- By cal-
heat exchanger T, [°C) | culation culation | culation culation | culation
Yemp.at outlet °§‘4 C) - - 300 LLE | 3002k | 300 LIk 300
Temp.of steam or air at - _
inlet of dryer Ty [°C) 570 180 180 180
Temp.of steam or air at _ _
outlet of dryer Ty [°C) 170 110 110 110
Dry sludge T, (°C) - - 80 80 80 | e
WHBor Flue
HE _ Exhaust
T, 2.__ |gas treat
HE . 2
[ HE ] 20°C
® Blower for ®
e fluidizing Fan for preneting
1

Furnace

!

white smoke

Sludge s
T oteam
air

Fuel |

Gas -liquid
separator

WHB : Waste heat boiler
HE : Heat exchanger




Table 5 Heat loss ratio and efficiency of each incineration system

ltem System MHF FBF SF
Heat loss ratio 30T 50 T 100 T 30T 50T 100 T | At under
in furnace 71 (%) 145 124 112 638 54 40 | table
Heat loss ratio in HE nq (%) 10 % of the heat exchanged
Heat loss ration WB 75 (%) - 6 % of the heat exchanged
Heat loss ratio in AB 74 (%) | 10% of heat exchanged -
Heat efficiency 1n DD 2, (%) - 59.01 x 00831838
HUE in DD o, (%) - 34 31 x 700687524
Heat efficiency in ID £y (%) - 65.85 X T 00631838

1. Equation of heat loss ratio in MHF
7, = 404397 X T0301307
2 Equation of heat loss ratio in FBF
7, = 29 6066 X T™0432697
3 Equation of heat efficiency and heat utilization efficiency

HUE = ( Sensitive heat of dry cake + Sensitive and latent heat of evaporated moisture

n cake ) / (Input heat to sludge dryer ) X 100 %

HEE = ( Sensitive heat of dry cake + Sensitive and latent heat of evaperated moisture

in cake ) / (Input heat — Output heat of dryer ) X 100 %
4, Heat loss ratio in SF

w
S

o
=1

—
[

-

L
50

Heat loss ratio n furnace (%)

~ @®
S =3
T

heat utihzation efficiency
>
=}
T

of indirect dryer (%)

15
2

o

Scale Lower calorific value of dry cake (kcal / wet-kg )
(ton/day ) — 500 — 250 0 250 500 1000
30 1337 1351 1352 1340 1316 1228
50 12.07 11.92 1171 11.43 1108 1017
100 963 961 958 953 947 930
200 7.97 789 783 7.80 7178 781
HE : Heat exchanger HEE : Heat efficiency
WHB : Waste heat boiler HEE : Heat utilization efficiency
DD : Direct dryer
ID : Indirect dryer
8
. T : r S5 §100 r . .
_ . _ o
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2 g
2 ) g Y=658-XA006318
—t | L § i} L L L L L f 70 L L I
100 150 200 250 3 0 50 100 150 200 250 300 g 0 50 100 150 200
Furnace capacity (tons/day) Furnace capacity (tons/day) oo} Furnace capacity (tons/day)
Fig. 2 Furnace capacity and heat loss Fig-3 Furnace capacity and heat loss Fig-4 Furnace capacity and heat
ratio in furnace in MHF ratio in furnace in FBF efficiency of indirect dryer
M Measured BCalculated
> 100p value value
Eo]
8 Z
o ® ?
e /
« 8 .
o1 60 %
T 1 T == Z
S8 o 7
a %
° £
Z
24 2 2
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O FBF b |
©SF 1 0 Z
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Fig. 5

Furnace capacity and heat
utilization efficiency of
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Fig 6 Comparison the calicurated auxihary
fuel with measured one in MHF
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Table 6 Fuel reduction when the magnitude of indinerator
) 5 = IS 3 B2r % increases
BERDRT AL OHBBRBERBITEL 2 (kg/ton-cake )
F-NVHRBH L, TOHRE, HiclT-11 change of capacity | 30 ~ 50 50 ~ 100 100 ~ 200
system (tons/day) | (tons/day) | (tons/day
~[T~4JiKBTKEL, [R-11~IR M—1 61 49 37
—31KBOTRSY, EOYRT LOHAD M-z, M~3 67 5.4 33
M-4 66 55 40
R - wHROBER, BRERESKELS F-1 18 26 19
RN E C 1S BBIIC S B, poz z2 23 L
F-3 2.4 25 19
{5) BMRAFRMER F—1 30 3.2 28
HINLEFVEROT, FRESOT/A 0B . . . .
BORFRECEOBRAFREO BMRAFRY
KOEER, BBREOBBELEL LIEVE 80 : ‘
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6. HEME

PDECFELTEBRHA Y 2T LOBBBEBRICHEZFRRK DO THRNTE Y, Fxriary-HieonTF
EWBELUTDLDSIC B,

(1) HBOPSHBEHRLZWEROBNCETIARENLHRNENY X FLADIER, RUTDOEEH TH 3,
{IT-11~1[T-31 tcﬁc\TEFﬁ’X®%ﬁ(§%i§fu&)?&ﬁf;bf;b\iﬁ'ﬁA>

[R-41=(R-5, [T-2)=I[T~-3), [S-11=I[R-31, [T—-11, [R-2]

=[T—-41, [R—-1]

{IT-11~[T-31 bCﬁb\fﬁFﬁ‘xU)ﬂ%i(%%‘Eﬁ:E)%ﬁfiﬁi%é*>

[R—-4)=[R-5), [S-1)1=[R-3), [R-2)=5I[T—-41%5I[T-31=I([T-21],

{R-11, [T—-1]

2) BAKEREKELIBOEHCHTIHMBAREERROE/I, MERREKE, BB LCEBshsH
50t/ BOEA, B R276Lb4~5kg/t BETH 5,

8 BMAKERAKDEARDO 1 BOEHICHT IMBBHERSCENIE, HREE, BREB g
ANBB50t/ADEE, FYXFad:blkg/t BETH 5,

4) EXHEOL1IOEFHCHT 2R EABOEIR, BERE, HRERGSICEZEIN M 50
t/HOHA, BYRATFa:b1~23kg/t BETH 5,

B) HEUZRFTLLLHBBHERBECH LAY -V ERSIBZOBERBBRES K2R TR
INEL 1B,

B) BYRTFTLOHRTFVF-FROBER, MHRETIFREROZEL W ZT 5, BEHEBEO K
wﬁﬁ@%ﬂwkwfi,%%@W,ﬂmhﬁm%mVXTA((R—4),(R—S)QE)ﬁﬁliw
F-MT, BEHMBEOCSOEROBEHICEBLTE, #ER, FIABEOBEVN Y X7 oBEL X LVF-—HT
HBHENZ B,
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