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Optimal Conditions for Manufacture of Refuse Derived
Fuel (RDF) from Carbon Black of Wood Chips by
SPSS Statistic Analysis Software

L UJiafhong, LUO Zhiyao

In formation Management Dep artment, Yu Da College of Business, Miaoli 36143 Taiwan

Abstract: This paper aims at analyzing by SPSS softw are the manuf acture and commercialization conditions of RDF from car-
bon black of wood chips. The optimal manufacture conditions were determined by correlation analyses between the commer-
cial application requirements (compression strength, volatile content & heat value) and control parameters (additive, press
temperature & press stress). And, the optimal application conditions were determined by combustion temperature, released
heat, combustion duration, ash content, moisture content, total sulfur content & combustion phenomena in addition to the
basic property comparison between commercal charcoal & the RDF. Finally, the analysis of the market indicated the com-
petitive advantages of RDF in both price and environmental benefit. By taking the technical feasibilities and economic evalua-
tion into account, the optimal manufacture conditions of the RDF are; 5% PV A-1000 additive, 150 ‘C press temperature,
130 kg/ cm” press stress for fitting the specifications of the present commercial charcoal. The optimal application conditions
are; 550 C reach combustion temperature, 350 C average combustion temperature, heating value 24. 2864 MJ and 87 min/ kg
combustion duration. Different from the commercial charcoal, the RDF is characterized by uniform heat release, clean smell
and low NO, and SO, emission during the combustion. In addition, particle emission also accords with the emission regula
tions of Taiwan and its shape remains unchanged after combustion. The competitive marketing price is estimated to be

6 Nt $/ . With great environmental and economic benefit, the RDF is bound to be popular in the market.
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1 (800+50) C 3h; @
Table 1 Correction factors 300 C ,
L/D 1.75 1. 50 1.25 1. 10 1. 00
0. 98 0. 96 0.93 0.90 0. 87 (3.) . ,
L/D
160 kg/em?, PVA-100. PV A-500 1.6
PV A-1000. 6 em 800 C
RDF 1.7
1.4
. 103~105 C ,
) 550 C .
. 100 kg/ cm’ ,
: (1
( ) (L) : (D .
, (4). 550 C 1h, ,
1~2.5 103 ~105 C 24h.
2, 1 , s ; (2)
(1 . ) (2) .
’ : @ , .
: @ NE) 25~50g .
105 C . , ,
1.5 103 ~105 C 24 h,
. , (1h). . (
. 50 mg 4%);
800 C , , 3
, 550 C 1h(
3, .
. . ).
1200 C 30 min. 300 G (30 min).
. (
(D .D S0 mg 490).
( 1 mm , 0.001g) 5~10g 1.8
. (105 £5) C .
2 h, . ;@ .
. 0. 005 g = 4+ 4+ .
(2) O (%)= (D (%0
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1.9 250 C lh .
. . , 50%
) , ;@ .
Parr 1 563 Calorimeter ) ; @ s
105~110 C 1h .
1.10 .
25 C,
;@ .
( ) , 250 C
¢)) NO) 100 mL 2h, ,
. . ;@ 250 C ;® 2 .
. 10.0 mL 200 mL N ®) .
: ; ©
2mL ,
. ;@ 2
1mL 4
3 min, s 10mL 2.1
; ® 15 mL , s
. 2
; © 11 em SPSS ,
100 mL . . ;
. ;@ .
. 405nm . 2.1.1 ANOVA
NO2 (ADD)
2) ;@ , (cs) 3 ,
250 mL . . (P<0.05). F .
. . ; @ . 2 . PVA-
10.0mL 200 mL ;@ 40mL 1000 . ) 4
s 1mL 4~6 M1 ) [Poly (vinyl Alcohol), PVA ]
;@ N/ 100 — , ) VAc
lmin , s PVAc ,
(amL).
(3) : @ . . . PVA-1000
105~110 C lh . PVA-500 PVA-100 .
PV A-1000, .
0.5 meg. 100 C .
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Table2 Experimental data betw een key-factors and basic properties of produced RDF
O (kg/ cm?) (kg/ cm?) 9% %) 2] (%) (M)
100 4.52 23.71 68. 92 13.54 55.38 20. 056
120 130 5.15 23. 69 69. 12 13.52 55. 60 21.397
160 7.35 23.62 69. 27 13.53 55.74 21.928
100 4.83 24.07 69. 12 13.31 55. 81 19. 505
PVA-100 150 130 5.51 24. 15 69. 27 13.32 55.95 20. 937
160 7.85 24.23 69. 21 13. 19 56. 02 21. 484
100 5.26 24. 54 69. 18 12.77 56. 41 19. 090
180 130 5.10 24.35 69. 63 12. 88 56.75 20. 390
160 8.47 24.22 69. 72 12. 68 57. 04 20. 928
100 5.02 23. 86 69. 40 13.96 55. 44 20. 639
120 130 5.95 24.02 69. 30 13.95 55.35 21.973
160 9.14 24. 09 69. 35 13.96 55.39 22.721
100 5. 40 24. 15 69. 61 13.79 55.82 20. 048
PV A-500 150 130 6. 47 24. 47 69. 55 13.76 55.78 21. 491
160 9.70 24. 61 69. 36 13.58 55.78 22.113
100 6. 62 25. 14 69. 05 13. 15 55.90 19. 454
180 130 6.13 24. 86 69. 61 13.22 56. 38 20. 966
160 10. 27 24.35 70. 05 13.05 57.00 21.705
100 6. 60 23.83 70. 11 14.94 55.17 20. 639
120 130 7.00 24.21 69. 75 14. 95 54. 80 21.973
160 10. 81 24.28 69. 79 14.90 54. 89 22.721
100 7.10 24. 47 69. 90 14. 82 55.08 20. 048
PV A-1000 150 130 7. 44 24. 54 70. 07 14.76 55.31 21. 493
160 11.82 24.50 70. 07 14. 40 55. 67 22.113
100 7.54 25.48 69. 29 14. 03 55.25 19. 454
180 130 7.39 24.96 70. 08 14. 09 55.99 20. 966
160 12.83 24. 62 70. 36 14. 04 56.32 21.705
3
Table 3 Correlation (P value and F test) between test key-factors and basic properties of produced RDF
F (ANOVA) (P value) F (ANOVA) (P value) F (ANOVA) (P value)
104. 554 0 11. 295 0 264. 880 0
0.333 0.718 0. 890 0.413 0.989
0. 607 0. 546 0. 062 0.94 0. 891
9.872 0 3.553 0.031 0. 907
0. 644 0. 527 1. 388 0. 253 0. 815
15.434 0 35. 781 0 142. 823 0
ANOVA  analysis of variance F
2.1.2 2 ,
b b
2.2
) 2.2.1
: : ( PV A-1000
2.1.3 PVA-100 ,
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4 PVA 5
Table 4 PVA grades and specifications Table 5 Comparison of basic properties between commercial
charcoal and produced RDF
(%) (%) (DP) MmMp - O
PVA-1000 98.5~99.2 <C5.3 1 000 28.969 <<0.7 ( ) ( )
PVA-500 98.5-99.2 <4.7 500 24.196 <<0.7 ASTM
PVA-100  95~97  <<4.6 100 19.294 <1 O 73 475 35 53R 4.5
%) %22\1 18. 62 2.6 8.35 15.2
2.2.2 ASTM
0,
, , %) D3175 21.55 22.26 25.46 25.5
’ ASTM
(¢Z9) D3172 55.08 71. 83 60.91 54.8
K K
. ASTM
, %) D4239 0.19 0. 048 2.9 0.3
’ (m) ASTM 24.284  27.560 22.644  24.133
D5865
2.3
2.3.1 4 » PVA
19. 294 ~28.969 M J, ’ ’
. PVA-1000 ’ ’
PVA-500 PVA-100, PVA-1000 ’
2.4.3
b b
. b
2.3.2 103 min/ kg,
92 min/kg.
, 87 min/kg.
b b ’ ’
’ ’ ’
2.3.3 , ,
) b 2
b K b
2.4 2.4. 4
2.4.1 ’ ’
650 G
280 C. ( ;
550 G 350 C, ), ;
’ s ’ s
y N N
b
2.4.5
2.4.2 , 5
b K
22.644 ~27.560 M ] ( .
), 5 16.02%, s

24.284M J.
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6 K
Table 6 Comparison of pollutant emission after combustion

between produced RDF and charcoal in present

market
2.4.7
7 ,
NO, (1079 500 2 600 1700 . ’ ’
S0, (10 630 1850 750 . 8
PM10(g/ Nm?®) 23 17 15 6
b
7

Table 7 Import quantities of charcoal in Taiw an

€] 2002 2003 2004 2005(1~4

15834 18258 19888 6574 53%

9723 8592 4330 560 25%

4207 5918 8311 2734 17% 3
2125 1676 1556 526 4.27%

31889 34444 34085 10394

8 , (RDF) .
Table 8 Import prices of charewal in Taiwan .
) s PV A-1000
(Nt$/kg) (Nt $/kg) (Nt $/kg) (5% ), 150 C
2002 6. 539 6. 623 6. 624 130 kg/cm2 ’
2003 6. 082 7.373 6. 005
2004 5.844 8.301 5.941 . ’
2005 5.779 14. 627 5.037 550 G 350 G
(Nt$ ; / =1.4.3
22.644~27.560 MJ(
),
, 24.284 MJ,
, 92 min/ kg,
> ) 87 min/ kga )
R 0.19%, , ,
, CNS0.3% . , s
2.4.6 6 , . ,
, 16.02 %,
, , 0.19%,

\ , CNS0.3%
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