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Sureepun Wannasawang 2010: Waste to Energy for Recycle Paper Industry. Master of
Science (Environmental Technology and Management), Major Field: Environmental
Technology and Management, Department of Environmental Science. Thesis Advisor:

Assistant Professor Tunlawit Satapanajaru, Ph.D. 86 pages.

The waste from recycle paper industry, for example, waste water treatment sludges and
rejected matetrial waste from the product in line (plastic waste) could be potential in process of
waste to energy. Three wastes, waste water treatment sludges, plastic waste and plastic waste mixed
jathropa seed cake were gasified by a small-scale up-draft gasification system. Gas flow rates at
91.3, 100.8, 108.41 and 135.8 m’/hr were studied. The results indicated that suitable flow rates
for plastic waste and plastic waste mixed jathropa seed cake were 108.41 and 91.30 ms/hr,
respectively. Carbon monoxide, hydrogen and methane from plastic waste gasifying were
11.66%, 11.42% and 1.81%, respectively and plastic waste mixed jathropa’s shell were 15.77%,
12.67% and 2.35%, respectively. Average high heating values of both fuels were 3.76 and 4.58
MJ/m3, respectively. Sludges were not suitable for gasification system but they can be used to
produce heat energy by the direct combustion system. Concentrations of heavy metals analyzed
from ash were below the national standard except for lead in plastic waste and cadmium and
selenium in plastic waste mixed jathropa seed cake. It is depend on the raw materials of the fuel.
Economical evaluation by net present value, internal rate of return and payback period in using
plastic waste and plastic waste mixed jathropa seed cake for waste to energy production were
analyzed. It found that plastic waste mixed jathropa seed cake was more suitable than plastic
waste for energy. Net present value was 102.5 million baht, internal rate of return was 38 % and

payback period was 2 month 18 days.

Student’s signature Thesis Advisor’s signature
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MU 14 HAVDIQUUHUMIIININAZNDUBANTUIZVUMIATA (direct combustion)
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Plant Year Fuel Capacity
Cartiere Burgo Verzuolo, 2001 Paper sludge and wood waste 27MWth
Italy 29 ton/h steam;
86 bar; 490 °C
Cartiere Burgo Mantova, 1999  Production paper/deinking sludge and 13.5 MWth
Italy landfill superheated
reclaimed sludge, 43% ash, 55% steam to 3.2 MWc¢
moisture turbine/generator set
Jamsankosken Voima Oy, 2002 Peat, bark, wood chips, sludge, oil 185MWth
Finland 252 ton/h steam; 107
bar; 535 °C
Katrinefors Kraftvarme, 2002  Sludge, wood residue, wood waste 36MWth
Sweden 47 ton/h steam;
80 bar; 480 'C
Aanevoima Oy, Finland 2002 Bark, wood residue, sludge, peat, oil 157MWth
217 ton/h steam; 105
bar; 535 °C
Vamy Oy/Vattenfall Oy, 2001 Bark, secondary sludge, natural gas, 88MWth
Finland peat, 130 ton/h steam; 11
wood residue bar; 525 °C
Modo Paper AB Husum, 2000 Bark, sludge, oil 87MWth
Sweden 112 ton/h steam;

60 bar; 450 °C
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Plant Year Fuel Capacity
Elektrocieplowni Ostroleka, Poland 1997 Bark, primary and secondary sludge 35MWth
47 ton/h steam;

Metsa-Serla Oy Simpele, Finland 1997  Peat, bark, sludge, oil

Oy Metsa-Botnia Kaskinen, Finland 1997 Bark, sludge, oil

40 bar; 450 °C
113MWth

144 ton/h steam;
115 bar; 525 °C
96MWth

126 ton/h steam;

85 bar; 500 °C

31 : Monte ez al.(2008)
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89140 554625 127895  1.7124  14.9388 3.56

85.32 92102 557713 115002  1.8163 153500 3.47

83057 557947  12.5749 14896  16.5194 3.36

e 8.8100  55.6762  12.2882  1.6728  15.6027 3.46

95.61 127080 472783 13.7915  2.8987 153125 4.68

12.6305 492145 157673  1.8105  13.6912 4.48

nae 12.6693 482464 147794 23546  14.5019 4.58

7.6234  56.1944 131549  2.0482 142587 3.57

102.97 9.4023 522412 14.8936  2.1084 157979 4.06

103050  53.2895 142610 19491 153678 4.03

e 9.1102  53.9084  14.1032  2.0352  15.1415 3.89

101093  54.1419  10.8029  3.4718  15.9906 4.18

119.15 103209 523907  12.1395 32155  15.3204 428

103332 58.0093  9.4688  1.7851  14.9279 3.34

e 102545  54.8473  10.8037  2.8241  15.4130 3.93
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M3WUINA V1 1AeUsRIIMS Inavesemiendszuuiiaaazgaved blower

9151013 a0 9910 (m/s)
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in/out 0 10 20 30 40 50
0 A A A A A
10 43 6.3 9.9 11.9 14
20 4.2 54 73 10.3 12.9 14.3
30 7.8 6.9 8.7 10.9 13 15.5
40 11.2 8.7 10.5 11.6 14 15.6
50 14.6 10.7 13.3 13.7 14.5 16.2
89313 ladve901A1er (m’/hr)
in/out 0 10 20 30 40 50
0 A A A A A A
10 31.63 46.34 72.81 87.52 102.97
20 30.89 39.72 53.69 75.75 94.14 105.17
30 57.37 50.75 63.99 80.17 95.61 114
40 82.37 63.99 77.23 85.32 102.97 114.73
50 107.38 77.23 97.82 100.76 106.64 119.15




Y [ [ Y {o o '
ﬂ‘lﬁ’NN‘H’Jﬂﬁ U2 L‘ﬁﬂﬂ’ﬂ@]31ﬂ']3Ulﬂﬁ'ﬂ@ﬂﬂl@ﬂllﬂﬁ?ﬂﬁﬂ?ﬁﬁLﬂ'll!agﬂﬂslli’)\i blower

Y a J
@@IﬁWﬂWil‘lﬁafJ@ﬂﬂl@ﬂjﬂﬁﬂﬂlcﬁﬂﬁllfc{ﬁ (m/s)
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in/out 0 10 20 30 40 50
0 N/A N/A N/A N/A N/A N/A
10 N/A N/A 39 6.1 79 9.7
20 N/A 43 4.8 6.6 8 10.2
30 5.2 4.5 6 7 8.8 10.7
40 7.6 5.6 6.6 8 9.5 11.3
50 9.7 6.6 8.1 8.8 10.6 11.9

893103 Ivasenveelisanwesuna (m’/hr)

in/out 0 10 20 30 40 50
0 N/A N/A N/A N/A N/A N/A
10 N/A N/A 44.51 69.51 90.15 110.7
20 N/A 49.07 54.78 75.32 91.3 116.4
30 59.34 51.35 68.47 79.88 100.43 122.11
40 86.73 63.91 75.32 91.3 108.41 128.96
50 110.7 75.32 92.44 100.43 120.97 135.8
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it msfloumnazneu Glan%)  gamgilwawn (C)  qamgiiomeeen (C)
1 15 785 95
2 853 150
3 903 185
4 970 193
5 967 182
6 897 176
7 856 169
8 812 152
9 + 15 789 111
10 772 98
11 781 82
12 790 101
13 853 153
14 897 173
15 930 185
16 858 177
17 867 170
18 839 167
19 842 171
20 812 168
21 798 161
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dd‘ =) w
wnn - mstleumnaznau (Mansy)

gaurgRla e ('C)

gaurinieImaeen ('C)

22 +15
23
24
25
26
27
28
29
30
31
32
33 +15
34
35
36
37
38
39
40

nag 571 45 N lansy

801

783

835

878

891

912

956

983

977

876

856

863

796

734

672

852.33 +71.22

120

97

147

165

171

199

225

220

213

184

173

135

129

95

87

152.28 +39.06
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AL fhﬁ‘]fﬁﬂﬂm11ﬂ|l§’1 WINTFIU (mg/l)
1 915N (ﬂzwm) (Arsenic (total)) 5.0
2 YIS (Barium) 100.0
3 W UFY (Benzene) 0.5
4 uAALew (ﬁywm) (Cadmium (total)) 1.0
5 M3 VIUANATIAGD 138 (Carbon tetrachloride) 0.5
6 Ao (Chlordane) 0.03
7 Aao 151U (Chlorobenzene) 100.0
8 AaolsWesy (Chloroform) 6.0
9 Tasiiey (ﬁ”wm) (Chromium (total)) 5.0
10 ©09515-A3%0a (ortho-Cresol) 200.0
11 WNM-ATFO (meta-Cresol) 200.0
12 WI51-A3Y0A (para-Cresol) 200.0
13 ATT00 (ﬁgwm) (Cresol (total)) 200.0
14  2-48(2-4D) 10.0
15 1.4-lapae T510uT Y (1,4-Dichlorobenzene) 75
16 12-lanaelsdisu (1,2-Dichloroethane) 0.5
17 1,1-lanae 150381 (1,1-Dichloroethylene) 0.7
18 108A3Y (Endrin) 0.02
19 wilmnans (Heptachlor and its epoxide) 0.008
20 LEINYINAD 1T1UUFU (Hexachlorobenzene) 0.13
21 1@naAan 1502A180Y (Hexachlorobutadiene) 0.5
22 1@na1Aan 159154 (Hexachloroethane) 3.0
23 Ay (Ravua) (Lead (total)) 5.0
24 AU (Lindane) 0.4
25 lson (ﬁ%'ﬁﬁim) (Mercury (total)) 0.2
26 WFeNEAa0s (Methoxychlor) 10.0
27 5 1058 A lAY (Methyl ethyl ketone) 200.0



M519IWUIN 91 (AD)
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4

Aa AAFUAUNININ WINTFIU (mg/l)
28 TuTasudu (Nitrobenzene) 2.0
29 24-TuTasIngdu (2.4-Nitrotoluene) 0.13
30 muaInas 1sWuea (Pentachlorophenol) 100.0
31 1nSAu (Pyridine) 5.0
32 Faiey (Selenium) 1.0
33 Y (Silver) 5.0
34 IANAIIAAD 1510N5au (Tetrachloroethylene) 0.7
35 nonw1u (Toxaphene) 0.5
36 Tasnaelsensau (Trichloroethylene) 0.5
37 2,4,5-1@]3?161615‘14/{11(!661 (2,4,5-Trichlorophenol) 400.0
38 2,4,6-1@]5?161615‘14/{11(!661 (2,4,6-Trichlorophenol) 2.0
39 24,50 (Fain) (2,4,5-TP (Silvex)) 1.0
40 'hilanae'lsd (Vinyl chloride) 0.2
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