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Abstract : Dry Process(natural drying, hot-air drying, oil fry drying), optimized mixture
ratio and the condition of carbonization was carried out in order to improve the product
durability develop eco—friendly solid fuel mixing food waste and paper sludge. As a result of
the experiment, oil fry drying process was the fastest method for drying food waste and
paper sludge mixture that contains 80% water inside, and the optimized mixture ratio to
minimize the generating concentration of chlorine gas against caloric value of mixture ratio
was 7:3. Additionally proper temperature of product carbonization was about 200C and shown
increasing product durability through the carbonization. Therefore, the pelletized solid fuel be
shaped diameter around 0.5cm, length 2cm under which was pulverized and molded using 7:3
mixture of food waste, and paper sludge was the eco-friendly solid fuel possible to be
industrialized which is consist of chlorine concentration of below 2.0wt% and the lowest
caloric value of over 5000kcal/’kg. In conclusion, this developing manufacturing process of
the solid fuel can be interpreted to contribute alternative energy development in accordance
with low carbon and green growth era.
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Fig. 1. Schematic diagram for the sludge drying reactor.

1. Balance

2. Burner
6. Wind Barrier

3. Oil Reactor
7. Burner Support

4. Thermometer

5. sludge
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Table 2. Water concentration change for waste paper sludge with natural condition

Table 1. Moisture concentration change for food waste with natural condition
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Fig. 4. The changes of water concentration
for waste paper sludge with hot air
machine and oil reactor(Amount of

Mixture for food waste and waste
paper sludge: 50g + 50g=100g,
Amount of il 250g, Initial
temperature : 1107TC).
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Table 3. Combustion gas analysis of solid mixture(Oil addition)

No. solid fuel powceil(olzzlc/kg) chlorine(%)
1 food waste(100%) 5,220 2.06

2 paper sludge(100%) 3,169 0.01

3 food waste(80%)+0il(20%) 5,698 1.61

4 paper sludge(80%)+0il(20%) 4,245 0.08

5 food waste(70%)+0il(30%) 6,448 -

6 food(64%)+paper(16%)+0il(20%) 5,382 2.30

7 food(48%)+paper(32%)+0il(20%) 5,014 0.99

8 food(32%)+paper(48%)+0il(20%) 4,751 0.41

9 food(16%)+paper(64%)+0il(20%) 4,417 0.25
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Table 4. Combustion gas analysis of solid mixture(No oil addition)
No Solid fuel calorific chlorine(%)
: power(kcal/kg) ’
1 food waste(100%) 5,220 2.06
2 paper sludge(100%) 3,169 0.01
3 food(97%)+paper(3%) 5,158 1.99
4 food(70%)+paper(30%) 4,601 1.45
5 food(50%)+paper(50%) 4,195 1.04
6 food(30%)+paper(70%) 3,784 0.63
7 food(17%)+paper(83%) 3,518 0.36
Table 5. Combustion gas analysis of solid mixture
Permissible Emission Standard
Air Pollutant o . Emission Result
Emission Facilities
Standard
Facility of using solid fuel of over 2 tons per hour| 15(12)ppm 1,124.2ppm
co — - - (without oxygen
Facility of using solid fuel of 200 kg to 2 tons 200(12)ppm input)
per hour
HC1 Facility of using solid fuel of over 2 tons per hour] 20(12)ppm 7.62ppm
Facility of using solid fuel of over 2 tons per hour| 30(12)ppm
SOx oK : : 1.65ppm
Facility of using solid fuel of 200 kg to 2 tons 50(12)ppm
per hour
Facility of using solid fuel of over 2 tons per hour] 70(12)ppm
NOx o : : 23.54ppm
Facility of using solid fuel of 200 kg to 2 tons 100(12)ppm
per hour
Facility of using solid fuel of over 2 tons per hour] 2(12)ppm
HS — - - _
Facility of using solid fuel of 200 kg to 2 tons 10(12)ppm
per hour
Facility of using solid fuel of over 2 tons per hour] 2(12)ppm
Fy o : : Oppm
Facility of using solid fuel of 200 kg to 2 tons 3(12)ppm
per hour
HCN All Combustion Facilities 10ppm 2.39ppm
Br Combustion Facility of Solid Fuel S5ppm 0.1ppm
As Combustion Facility of Solid Fue 0.5ppm -
o] &g 7F 7:320 A$7F 5,000 kcal/kg 1789] SAE 29701 AR Eeix] kel E3HH|
s did] Ao BAFS 2 %A A 7F 7390 1A EFE dig 800 T ZeAY
AAAR 71F) oJUHE T F AE 447%4«1 =3 W& 7k~ o £412 Table 59F #th A4k
Hl2ta 8 4l SIEEA(CO)Y A d87eS Al JAAT
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Table 6. Carbonization temperature and durability of solid fuel

(food - paper) 37 55 73
mass before carbonization(g) 100 100 100
durability (%) 94.2 93.8 95.1
mass after
170C carbonization(g) 41 934 934
durability (%) 95.3 95.8 96.1
mass after
200C carbonization(g) 926 925 921
durability (%) 95.2 96.6 97.3
mass after
250°C carbonization(g) L7 1.2 0.9
durability (%) 96.4 975 97.7
oA = e EEe kA FYol gl AH Selx 9] AxTHAADE dFdx, 294
ANA Ago] X HUAY] WEoR FAehEm, z), HAEF g nAARE AxA
2 9] mMETFEe] Agee wMESE 7]Eol WA s fsted &3 A3E Fastd
st olm2 SAE 279 AA EHAE 9] oy 22 Axg 4t
g5t nAARE AxAl Z EAE fls
Ao &l Utk 1. =71 °F 80% W&ol Fis &3 o4E
29718k AA A Ax HEES 2ds
3.3. 2 Hist0 WE EHSHAEY o] &3k HAx7t 7bg wygtom HAx &Lt
=25 28719 AA SeA %] EFEl w27] wiol] AEWEIIE AEE AE
ete] 2k wE w©3le] JEFgs dotrv] st et Aaglornz 27 A7 V&
fste] Az SAE 2H7|9 AAEHAE o] T4 Hth AET A= e
waste] S22 ¢ EEAe ENE 37, 55, 2. A2 2Y7)¢t AAEYA ] EFgE] W
732 &3 & HYU)E ol&ste] A F dFo] mOoWHA HAvts WA FRE X
170 C, 200 C zgla 250 T X0l 30% 28t & o e HF E3(EAE 29
7t &8l E 8 st Ay Table 63 ZT) 7t AAEH A= 73 o)A
2L7t 27 @5 gsld nE 49 ga 3. 839 HAH 2= oF 200 T7F A =
= 371 st em, sl g wek SUtet AdS Ekon, &t o3 iAol =
v A3s Bt a8a A4 gseee 7tHEE & 5 AT
°F 200 C7F A@strial Ayt 4. F2=E 2e7)e AAEHA 730w EFst
of oY Hxe oF 3 9 £33 A
Z3 A4 °F 05 cm, Z°] 2 cm ©]3F<]
4. A E pellletd mAAZE 942 72 FE7F 20
wt% olstelal,  AfEdEe]  oF 5000
E AFoqE S48 279 AAEHA keal/kg ©]73%1 #F st Aol Aot 7
g &3t A9 #dFo] 3500 keal/kg ©1% S nAA" ot}
oliL farbs T daTkATE 20 wi olsiel
27 F3HA nAARE AxsIoH, A wEbA] e uAdE ARITHS Ak,
o) e wA dm Az TAL Awee]  wA4F Al 27EE giAduA Al
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