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Characteristics of the Co-Combustion of Coal and Bio-Solid Fuel using
Biomass as an adjunct
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ABSTRACT: Due to the sewage sludge's characteristics of high water content and low calorific value, it is hard to use
sewage sludge as an energy source. In this study, we investigated production of bio-solid fuel which is mixed both sewage
sludge and woody biomass in order to improve the sewage sludge's characteristics and replace fossil fuels.

A thermogravimetric analysis was used to investigate the co-combustion characteristics of the mixed coal and bio-solid
fuel of 5%, 10%, 15%, respectively. The analysis was carried out under non-isothermal conditions by raising the internal
temperature of 25C to 900°C with an increment of 10°C/min.

In the case of comparing single coal sample and mixture sample of coal and bio-solid fuel, the initiation combustion
temperature has slightly changed. However, both the maximum combustion temperature and the termination start combustion
temperature were hardly noticeable.

The initiation combustion was occurred between 200~315C and the thermal decomposition causing a significant weight
change occurred between 350~700C.

As a result of the kinetic analysis of the co-combustion, the activation energy was decreased as the mixing rate was
higher. Therefore, it is able to co-combust the mixed coal and bio-solid fuel in power plants.
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Table 1. Results of Proximate Analysis, Ultimate Analysis and Calorific Value for Coal and Bio-Solid Fuel

Classifications Coal Bio-solid Fuel
Moisture 4.8 52
Proximate analysis Ash 18.0 163
(%, wet basis) Volatile Matter 282 64.8
Fixed Carbon 50.0 13.7
C 70.98 38.09
. _ H 4772 5.56
U(l;)mztfy as:;iyss)ls 0 3.129 35.06
N 1.89 3.61
S 0.319 0.48
_ High (dry basis) 6,600 4,101
Cal‘(’]i‘czlcﬂ(glue High (wet basis) 6,283 3,893
Low (wet basis) 5,997 3,561
& £ W (Differential Thermal Analysis, DTA) 2 <& dojdt= A(1—a)"e 7HT 6
=% 25 (Thermogravimetric Analysis, TGA) 5]
ATHY, Ak Ao AsHE9) o)A BEBhH= 2 AFoA A()E 7o R st HEHS &
2Eislo] g i A5 dEHQ FEHstE 83t A, 2433kl A (Activation Energy,
Ak HoE AR 1Al EEsed | Ea)2} AR5 A Frequency Factor, A)S S 5 U
3t T 5 glon, FE WSS ATE A & 229 22 Coats-Redfern 21& 78 = o}
B2 3ol AREE o] Stttk webA B AFolA= |
A<l =) ety wigkel T NkeEE AT K :ln[ AR(li 2RT”7 E, @
7} E8spd 45 BAEES ARSslR e, A4 7 PE, E, RT

AEE % 150 ym T & OIFo = oF 10mg
ol g3t om, sl e T AAaes BA
3t DTG(Differential Thermogravimetry) 712 TGA
A& lEste] A48, DIGE 8¢ A=
H ALZENYS Fate] A4
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T+ AU%(k), A& AF7IE455(Kmin)E YE
Wk
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Fig. 1. TGA thermograms for coal, bio-solid fuel and bio-solid fuel/coal mixtures.
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Fig. 2. DTG curves for coal, bio-solid fuel and bio-solid fuel/coal mixtures.

Table 2. Temperatures Obtained from TGA and DTG Combustion Profiles for Coal, Bio-Solid Fuel and Bio-Solid Fuel/Coal Mixtures

Classifications Initiation Combustion Maximum Combustion Termination Start Combustion
Temperature('C) Temperature('C) Temperature('C)
Coal 385 648 681
Single sample . .
Bio-Solid Fuel 181 381 415
Bio-Solid Fuel(5%)* 315 648 682
Mixture sample  Bio-Solid Fuel(10%) 248 648 681
Bio-Solid Fuel(15%) 214 648 681

* Bio-Solid Fuel 5% + Coal 95%
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Fig. 3. Kinetic curves for coal, bio-solid fuel and bio-solid fuel/coal mixtures.
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Table 3. Activation Energy and Frequency Factor Obtained by Coats and Redfern Function

Ea

A

lassificat : R”
Classifications (klimol) (1/min)

. Coal 44.081 0.015387 0.9695
Single sample . .

Bio-Solid Fuel 28.013 0.007531 0.9361

Bio-Solid Fuel(5%) 23.070 0.000382 0.991

Mixture sample Bio-Solid Fuel(10%) 14.358 0.000081 0.98

Bio-Solid Fuel(15%) 11.083 0.000045 0.9565

* R* : Coefficient of determination
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