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Abstract : Thermochemical treatment of sewage sludge is an energy-intensive process due to its high moisture content. To save
the energy consumed during the process, the hydrothermal carbonization process for sewage sludge can be used to convert
sewage sludge into clean solid fuel without pre-drying. This study is aimed to investigate co-firing characteristics of the
hydrothermally carbonated sewage sludge (HCS) to a pulverized coal combustion system. The purpose of the measurement is to
measure the pollutants produced during co-firing and combustion efficiency. The combustion system used in this study is a
furnace with a down-firing swirl burner of a 80 kWy, thermal input. Two sub-bituminous coals were used as a main fuel, and
co-firing ratio of the sewage sludge was varied from 0% to 10% in a thermal basis. Experimental results show that NOx is 400 ~
600 ppm, SOy is 600 ~ 700 ppm, and CO is less than 100 ppm. Experimental results show that stable combustion was achieved
for high co-firing ratio of the HCS. Emission of NOy and SOy was decreased for higher co-firing ratio in spite of the higher
nitrogen contents in the HCS. In addition, it was found that the pollutant emission is affected significantly by composition of the
main fuel, regardless of the co-firing ratios.
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Figure 1. Schematic diagram of the 80 kWy, down firing furnace system set-up.
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Table 1. Composition of fuels

Ultimate analysis (wt%, dried basis)

Element Adaro49 | Indominco DSS HCS
C 74.5 68.8 42.6 45.1

H 4.8 49 6.7 59

N 1.0 1.5 7.2 6.2

S 0.1 1.4 0.9 0.7

(¢} 16.7 16.0 27.6 232

Proximate analysis (wt%, dried basis)

Element Adaro49 | Indominco DSS HCS
M 6.7 4.7 0.1 0.2
VM 44.1 419 73.4 65.8
FC 46.5 47.1 11.3 13.2
Ash 2.7 6.5 15.2 20.8
(ﬁ}jl:/g) 233 28.3 19.2 19.7

Table 2. Experimental condition for hydrothermal carbonization
sewage sludge

DSS (Dried sewage sludge)= 3= 3171t} Table 12> Doivision ftem Unit - Condition
olmo] JHS HAF ATE Lehfgld. e HA AT Operating conditions| Sludge squeezing| kgf/cm 15
Tableo]| LEpjgLo.0d, Aol A4 HCSSF DSSE & A7 inflow sludee mnput = oo
o] mEH WOl TET]| LALLM A2 AL A Tur Dehydrated filtrate | Recovery rate % 98.8
orc. BA AnlE AwEw vk oz Me) gal sas Dehydrated cake Weight kg 0.5
A BubEo] Wy mAEATl HA FakE AL B Filtration rate kg.DS/m’hr 1.9
ULk OIS Tax A AgrET At WA AEE - 9l
Th= A2 u)edth 22 N, SE of 1% Welz &5 =3 i,
S QAT SLEl A9 A% QL F NOZ AHEHE N 3. <= g
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Table 3. Experimental conditions for co-firing
Case ADO AD2 ADS ADI0 IDO ID2 ID5 ID10 [HO H2 IHS5 IH10
Coal (kg/hr) 10.03 9.83 9.53 9.03 10.7 10.49 10.17 9.63 10.7 10.49 10.17 9.63
Sludge (kg/hr) 0 0.31 0.77 1.54 0 0.31 0.77 1.54 0 0.3 0.76 1.51

* AD: A49+DSS, ID: IN+DSS, IH: IN+HCS; 0: 0%, 2: 2%, 5: 5%, 10: 10%
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Figure 2. Thermogravimetric analysis (TGA) and derivative thermo-
gravimetric (DTG) of coals and sewage sludges.
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Table 4. Combustion efficiency by co-firing rate

| Co-firing ratio Unburned carbon | Combustion efficiency
(%) (%)

Coal 100% >0.1 <999
| 'S DSS/A49 2% 0.1 99.9
: i DSS/A49 5% 03 99.7
400 { Heating up by ! Experiment of co-fiing \ DSS/A49 10% 03 99.7
fumace DSS/IN 2% >0.1 <999
200 : : DSS/IN 5% >0.1 <999
o _ N DSS/IN 10% >0.1 <999
00:00  02:00 04:00 06:00 08100  10:00 HCS/IN 2% >0.1 99.9
Time (hr) HCS/IN 5% 0.1 99.9
Figure 3. Temperature of IN/HCS co-firing case. HCS/IN 10% 0.2 2.8
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Table 5. Concentration of O, and CO

) DSS/A49 DSS/IN HCS/IN
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ratio 0 CO 0, CcO 0 CcO
(%) | (ppm) | (%) | (ppm) | (%) | (ppm)
0% 4.7 132.3 3.6 111 4 86.9
2% 2.3 193.2 43 95.8 3.6 76.2
5% 42 164 39 83.9 3 75.6
10% 4 161.2 3.8 95.4 3.8 90.6
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Figure 4. CO concentration (ppm).
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