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Properties Char Bio-oil at each of the feed rates (kg/h) Units
18 225 30 36 45
Heating value 11,610 16,431 16,712 18,483 18,389 18,334 kJ/kg
(ASTM D240)
Density (ASTM D4502) 145.05 1151 1154 1274 1259 1261 kg/m®
Viscosity (ASTM D445) - 5.23 5.98 24.54 24.23 24.52 cSt
Acidity (pH meter) - 3.3 3.3 2.4 2.4 2.4 -
‘Water content - 71.71 62.01 40.21 38.93 36.84 wi%
(ASTM E203)
Proximate analysis (Shimadzu TGAS0)
- Moisture 2.90 - - - - - -
- Volatile matter 36.69 - - - - - -
- Fixed carbon 55.14 - - - - - -
- Ash content (700 °C) 5.27 1.98 1.87 2.73 2,93 2.88 % wt
Ultimate analysis (Perkin Elmer PE2400 Series 1)
-C 31.68 30.48 31.22 45.24 45.49 44.98 %
-H 2.14 6.42 6.85 7.47 6.88 8.06 %
-N 0.49 0.31 0.31 0.36 0.33 0.39 %
- O 65.70 62.79 61.62 46.93 47.30 46.57 %

* Fixed carbon and oxygen were calculated by difference.
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Retention time (min)  Compound name Formula Chromatographic peak area of bio-oil at each of the feed rates (kg/h)
18 225 30 36 45
2.64 Acetic acid C,H,0, 34.19 38.27 33.95 38.68 35.02
2,98 2-Propanone, 1-hydroxy- C3HgO2 2,95 5.38 4.80 5.43 4.73
3.73 1,2-Ethanediol C,Hg O, 12.09 9.27 8.32 5.56 10.42
7.20 Propanenitrile, 3-(1-methylethoxy)- CgHyNO 0.42 0.58 0.77 0.67 0.86
7.31 Furfural CsH402 0.86 1.10 1.01 0.78 1.01
8.20 1,2-Ethanediol, monoacetate C4HgOs 213 1.62 2.42 1.76 2.56
10.28 Butyrolactone C4Hg02 0.31 0.50 0.26 0.28 113
10.39 2(5H)-Furanone C4H40z 0.00 0.58 0.33 0.59 0.74
11.45 2,5-Furandione, 3-methyl- CsH,04 1.05 0.94 1.01 0.78 0.87
12.16 2-Propenamide, N-(aminocarbonyl)- C4HgN202 0.68 0.82 1.33 1.19 1.05
13.39 Oxazolidine, 2, 2-diethyl-3-methyl- CgHy7NO 0.47 0.83 1.04 0.85 0.58
14.47 2-Cyclopenten-1-one, 2-hydroxy-3-methyl- CeHgOs 0.34 0.54 0.83 0.83 0.74
16.76 Cyclopropyl carbinol C4HgO 1.58 1.94 1.58 2.21 1.83
19.52 Butanal, 3-methyl- CoHy0 1.45 1.36 0.80 0.57 0.80
20.65 2,3-Dihydro-benzofuran CgHgO 3.15 2.30 3.84 2.32 3.46
23.00 4-Vinyl-2-methoxy-phenol CoHyp02 0.70 0.54 0.67 0.57 0.78
24.12 Phenol, 2,6-dimethoxy- CoHy005 0.95 0.86 1.16 0.94 1.24
25.45 Benzaldehyde, 4-hydroxy-3-methoxy- CgHyoN205 0.98 1.25 2.59 2,12 1.56
27.16 1-Decanol C1oHz20 0.00 0.25 0.00 0.00 0.00
27.64 Ethanone, 1-(4-hydroxy-3-methoxyphenyl)- CoH,05 0.30 0.36 0.34 0.23 0.35
28.95 beta-p-Glucopyranose, 1,6-anhydro- CeH 1005 31.41 27.89 28.11 28.94 26.82
31.72 Benzaldehyde, 4-hydroxy-3,5-dimethoxy- CoHyp04 0.93 0.95 1.10 1.04 0.95
32.75 Methoxyacetic acid, dodecyl ester C15Ha505 0.00 017 0.00 0.00 0.00
33.32 Ethanone, 1-(4-hydroxy-3,5-dimethoxyphenyl)- CioH1204 0.56 0.49 0.71 0.48 0.58
34.21 1-Butanone, 1-(2,4,6-trihydroxy-3-methylphenyl)-  C,,H,,0, 0.34 0.14 0.34 0.41 0.29
35.10 2-Propenoic acid, 3-(4-hydroxyphenyl)- CoHg0s 2.43 1.34 2.56 2.69 1.86
Total 100 100 100 100 100
a 6 1 a lﬂl II \l I a o dy
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Study Bio-oil cost Feed capacity (tons/  Year
day)
o 4 o a0 eI’u s & o & sL =
o s mwlsnsedsvilinuideiiuszauanudnsalunisiiu
a a a a a a v
Solantausta et al. [79] 0156 7.30 1000 1992 JIgENTAINANTNAR LNNUTEENTAINAIUNITUUSFY
Cottam and Bridgwater [80] 0.108 5.00 1000 1994 I
Gregoire and Bain [81] 0.132 6.10 1000 1994 [ Sd a o A ¥ £4
Islam and Ani [82] 0458 2120 2.4 2000 WaQQWULLagiJGIUV;IUﬂ’ﬁNaWW’] AR ﬂqiﬁiqﬁizUUGLWﬂﬁqll
Islam and Ani [82] 0.217 1010 2.4 2000 o ey S , o o g o o
Mullaney et al. [33] 0320 1450 100 2002 SRUNRAUNUNI, NISla@sTuLvEIANSauTanauNlY way
Mullaney et al. [83] 0.235 10.60 400 2002 ?
Peacocke etal. (Wellman plant)  0.204 950 48 2004 0 9 v = oo = v s o 2o
o P nsilssuuiinisldfingeendaulvingalag il
Peacocke et al. (BTG plant) [84] 0.172 800 48 2004 y 4 da W Y .
Marker et al. [85] 0.114 510 2000 2005 AAINANBDUNUITIALNY LYY ﬂWSIJIUIG]Lﬁ]u, NI1YD1INBU
Marker et al. [85] 0.146 6.77 500 2005
Ringer et al. [86] 0.164 7.62 550 2006 SIS ShA & 23 XN i O 7
e oror Ter 200 visefinedideu Wudu Undudilaeiiladidglunisld
Velden et al. [28] 0.241 1163 - 2008 - - “ -
Dynamotive [85] 0196 404 200 2000 N3zUIUNSINLslaTaioudssuTiiallululesssfie
Badger et al. [89] 0.249 1154 100 2010 .
Czernik et al. [90] 0.127 6.00 - 2010 4 2 = & Sl o
o O o 210 pnsimnaeulaensilugimaangumgiivseann 500
Rogers and Brammer [92] 0.242 11.25 400 2012 - o 0= @ - & '
Jones and Male [93] 0156 7.24 2000 2012 - 600 eAwaLBya Nanzlidifweandau ¥Senann
Brown et al. [94] 0466 2173 15 2013
Czernik and French [95] 0.206 957 - 2014 zu_ & e o
crermik and trench o200 o o wdumssnivi@analaglildenie
The present study 0.353 956 1.08 2017
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