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ABSTRACT Bio-SRF (Solid Refuse Fuel) pellets was manufactured, in which three types of biomass wastes, i.e., paper sludge, waste
coffee ground, and waste wood, were chosen as the raw material and pelletized with several mixing recipes. Physicochemical analysis
showed that coffee ground has a high calorific value of 5,800 kcal/kg, which is approximately 50% higher than normal wood. The
higher heating value of paper sludge has a wide range from 2,000 to 4,000 kcal/kg according to its generation source company. The
more waste coffee ground was used, the weaker strength of the bio-SRF pellet. To manufacture a strong bio-SRF pellet, less than 50%
waste coffee ground was desirable in its ingredient recipe. Three types of bio-SRF manufactured with different recipes were
co-combusted with a 3~4% mixing ratio of total fuel in a 500 MW commercial pulverized-coal power plant for twelve hours
continuously to assess its possibility as a renewable fuel. The data showed that the boiler performance, such as the generated power,
carbon residue in bottom ash, and pressure stability in the coal mill, were maintained in the normal state and the air pollutant
concentrations, such as NOx, SOx, and dust, in the emission stack were similar to the only coal combustion condition.
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Table 1. Waste generation in the paper industry
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il a=QlgFo] 7.3% 7kl
ZF Zﬂi Al 95 10~1519E &Eﬁ °JT°ﬂH 7%34%
1L, R 98%= #|7A7] FEE viEE Tkl ?‘&1‘%
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(unit : thousand ton)

: Self Consignment processing
Year Generation . . Total
incineration Incineration Ocean discharge Landfill Recycling
2005 1,040 651 4 190 480 194 1,519
2010 1,415 876 1 121 22 387 1,417
2012 1,573 856 12 221 47 451 1,587
2014 1,491 836 16 133 54 448 1,487
2015 1,406 836 28 48 74 421 1,407
Table 2. Coffee Import in Korea
(unit : ton)
Year 2013 2014 2015 2016 Annual growth
Coffee imports 110,040 117,780 129,660 138,960 7.3%
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Table 3. Properties of waste coffee ground and paper sludge
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Table 4. Woodchip properties

. Coffee Paper sludge Test item GR WOOD DS
em
ground | HS | DW | PK cl D Moisture 8.81 2.32
Proximate .
HiVars | 5 040 | 9,454 | 4,251 | 2,180 | 2,992 | 3,531 s Volatile 50.34 67.83
(kcal/kg) AN Ash 96.55 14.59
. (Wt%) . .
C}(I‘}Vil;?e 0.06 0.06 | 0.21 0.1 o1 0.5 Fixed carbon 14.3 15.26
0,
—r Heating HHV, 3,312,64 4,431,54
i) ND | 011 | 0,09 | 0,07 | 0.22 | ND value HHVyet 3,020.80 4,398.73
0,
(kcal/kg)
G| ™ | | | @ | o | LHV 9,739.45 4,008.07
cd| ND | ND | ND | ND | ND | ND \otal Arsenic ND ND
eta 3
é\gl\il) Pb | ND 80,26 | 11,22 | 28.66 | 91.87 analysis Cadmium D ol
As ND ND D ND D ND (dry basis, Chrome 46,81 32.16
Cr | 191 | 9.36 | 36.70 | 8.40 | 22.81 | 25.83 PPM) Mercury ND ND
Lead 75.40 93.06
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Table 5. Recipe design for bio—SRF

Wood Coffee Paper
Recipe Mixed sample flour ground sludge
(%) (%) (%)
1 30 . 70
Wood flour+
2 4 .
Paper sludge 0 60
3 50 . 50
4 Wood flour+ 20 50
b coffee ground+ 30 30 40
6 Paper sludge 40 30
7 Wood flour+ 20 40
8 coffee ground+ 40 30 30
9 Paper sludge 40 20
10 Wood flour+ 20 30
1 coffee ground+ 50 30 20
12 Paper sludge 40 10

(50%)+CI(50%), DS(50%)+DW(50%) 2] % 57]2] Z3to|
A= 3,500keal/kg o) FoR2 AEE I SE+7T]+A]
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Table 6. Recipes for Pelletizing test

Case Recipe Criteria
1 Wood : Coffee : Paper(HS) Production
=30:30:40 amount
9 Wood : Coffee : Paper(HS) Heating value/
=30:50:20 Ash content
3 Wood : Coffee : Paper(HS+DW) Economic
=10 : 10 : 80(10 70) feasibility
Coffee : Paper(HS+DW)
4 C tibilit;
=20 : 80(20 : 60) mpactibIty
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Fig. 1. Bio—SRF pelletizer

test (1) test (2)

test (3) test (4)

Fig. 2. Pelletized bio—SRFs



Table 7. Properties of pelletized bio—SRF
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Table 8. Bio—SRF properties for co—combustion test in
commercial coal—power plant

ltem Case 1 | Case 2 | Case 3 | Case 4
Diameter (mm) 8.6 8.53 8.29 8.43
Length (mm) 33.42 15.36 24.52 23.84
Moisture (%) 5 5 5 5
Lower heating value

1 1| 2 2
(keal/kg) 3,158 | 3,77 596 | 2,760

Ash (%,Dry basis) 21.39 14.34 28.46 28.13

C 38.10 44 .81 34.06 34.91

4.84 5.52 4.66 4.75

Elemen‘Fal 33.45 32.68 31.18 30,44
analysis

2.22 2.66 1.39 1.45
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A1 9]
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Item bio-SRF 1 | bio—SRF 2 | bio-SRF 3
Composition Paper3+ Paper7+ Coffeed+
P Wood7 Wood3 Wood6
Moisture (wt%) 8.00 6.80 6.32
Lower heating
3,372 3,395 4,155
value (kcal/kg) ’ ’ ’
Ash (wt%) 21,60 22.28 14
Chlorine (wt%) 0.49 0.56 0.075
Sulfur (wt%) 0.1 0.12 0
Biomass (wt%) 98.45 98.3 98.8
Mercury (Hg) ND ND ND
Cadmium (Cd) 2.07 1,28 ND
Lead (Pb) 37.47 25.26 31,71
Arsenic (As) ND ND ND
100 | - bio-SRF 1
"""" — =bio-SRF 2
80 |
;\; ----- bio-SRF 3
£ o0
O
0
0 100 200 300 400 500 600 700 800 900
Temperature( ‘C)
a bio-SRF 1
s — —bio-SRF 2
= 3| 2 e bio-SRF 3
E s
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1

o 100 200 300 400 500 600 700 800
Temperature(C)

Fig. 3. TGA/DTG analysis graph for bio—SRF
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Table 9. Co—combustion data for pulverized coal with bio—SRF
- U Base Co—combustion
- bio—SRF 1 bio—SRF 2 bio—SRF 3
Output MW 454~484 438~484 435~484 469~486
Coal Flow t/h 183~192 178~202 176~195 190~205
Pulverizing Mill AP mmH,0 184~192 178~202 175~201 174~201
Unburned carbon % 4,13~4.66 3.1~4.14 2.25~4.93 4.19~5.3
Inlet NOx ppm 104~117 109~117 107~117 109~123
Inlet SOx ppm 313~418 252~455 263~471 383~430
Dust mg/Sm’ 2~3 2~3 2~3 2~3
Table 10. Stack emission data for various pollutants
Item Unit Standard bio—SRF 1 bio—SRF 2 bio—SRF 3
Dust mg/Sm’ 20 3.8 3.1 3.6
NH; ppm 50 0.45 0,04 0.52
SO ppm 100 17.55 24,33 31.23
NOx ppm 50 49.0 40.0 46
Br ppm 3 N.D N.D N.D
HF ppm 3 0.75 N.D 1.66
HCL ppm 6 0,44 0.09 1.13
Benzene ppm 5 0.002 0.001 0.001
cd mg/Sm’ 0.5 N.D N.D N.D
Cr mg/Sm’ 0.5 0,026 0.008 0.008
Cu /Sm” 5 0,005 N.D N.D
Ni mg/Sm’ 2 0,022 0.008 0.001
Pb mg/Sm’ 1 0.005 0,011 0,003
7n mg/Sm’ 5 0,061 0,021 0.016
co ppm - 6.0 10.3 5.0
Dichloromethane ppm 0,875 0,031 0,77
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