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Abstract : The paper provides a review on bio—oil production technology from biomass by using
fast pyrolysis to use heating fuel, power fuel and transport fuel. One of the most promising
methods for a small scale conversion of biomass into liquid fuels is fast pyrolysis. In fast pyrolysis,
bio—oil is produced by rapidly heating biomass to intermediate temperature (450 ~ 600 C) in the
absence of any external oxygen followed by rapid quenching of the resulting vapor. Bio—oil can be
produced in weight yield maximum 75 wt% of the original dry biomass and bio—oils typically
contain 60-75% of the initial energy of the biomass. In this study, it is described focusing on the
characterization of feedstock, production principle of bio—oil, bio—oil’s property and it's application
sector.
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Fig. 1. Bio—oil production scheme from biomass.
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Table 1. General composition of various feedstock for bio—oil production

Composition EFB[19] Corn stover[20] Poplar aspen[21] Wheat straw[20]
Cellulose (wt%) 59.7 31.0 42.3 32.4
Hemicellulose (wt%) 22.1 43.0 31.0 41.8
Lignin (wt%) 181 13.0 16.2 16.7
Table 2. Elemental composition and physical properties of various biomass
Birch wood 49.05 6.28 44.17 0.16 - 12.50 6.80 16.79 [22]
Rice husks 49.36 5.13 32.49 0.72 0.31 12.50 6.80 16.79 [23]
Rapeseed 58.51 8.57 2346 367 - 5.78 5.15 26.70% [24]
Walnut shell 50.58 6.41 4121 039 - 1.40 8.11 19.20° [25]
Safflower 59.05 8.87 26712 303 - 2.33 6.04 23.86° [26]
Soybean cake 52.46 6.17 2651 872 - 6.15 9.15 23.23 [27]
Hybljvcj) O%Oplar 4940 600 4310 023 005 120 500 1974  [28]
Peach pulp 44,51 6.73 4538 088 - 2.40 9.30 15.40 [11]
Rice straw 36.89 5.00 37.89 040 - 19.80 - 16.78 [29]
Pine wood 45.92 5.27 4424 022 - 0.35 7.99 18.98 [30]
Almond shell 47.63 5.71 44.48 - - 2.18 - - [31]
Timber wood 47.72 5.54 44.85 089 - 1.00 - - [32]

*Assumed higher heating value in a dry basis.

"Dry—free basis.
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Table 3. The yield of pyrolysis products from various thermodynamic conversion process

Products, wt%

t:c}gr?(ly}ljzigsy Residence time Heating rate Temperature(C) Liquid Solid Cas
(bio—oil)  (char)

Fast 0.5-5.0s Very high < 650 ~75 12 13
Carbonization Days Very low 400-500 ~30 33 35
Conventional 5-30 min Low 400-500 ~50 25 25
Torrefaction ~30 min Low ~ 290 0-5 77 23

H@she #Hd 19 wtwol Iz 16~26 a5 2ol (fast pyrolysw)“ 450 C ~ 650 C
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Table 4. Type of biomass to produce bio—oil by fast pyrolysis

Bio—oil yield

Biomass type Type of reactor Temp.(°C) (wt.%) Reference
Grape bagasse Stainless steel fixed—bed reactor 550 27.6 [33]
Hard wood & szféewood from pine Turbular vaccum pyrolysis reactor 450 55.0 [34]
N,k weod e s 7
Pinewood sawdust Conical spouted bed reactor 500 75.0 [36]
Pine wood Auger reactor 450 50.0 [37]
Waste furniture sawdust Fluidized—bed reactor 450 65.0 [38]
Rice husks Fluidized—bed reactor 450 60.0 [39]
Sugar cane waste Fixed—bed fire—tube heating reactor 475 56.0 [40]
Corncobs & corn stover Bubbling—bed reactor 650 61.6 [41]
Corncob Fluidized—bed reactor 550 56.8 [42]
Jute stick Continuous fizgicrtlgrﬂuidized bed 500 66.7 [43]
Apricot pulp Fixed—bed reactor 550 22.4 [11]
Wood sawdust Cyclone reactor 650 74.0 [44]

- 456 -



Vol. 31, No. 3 (2014)

%

Hio]l Quj A o] G4
A dojus g3ty #gay2 A F 7HA
E T2 4 Stk sk HelemArh A2}
3} == Bsj(decomposition)d-g-ojH T ShLt
= =" "ol AEd¥dste ATH
(repolymerization) RF-g-o]tH45]. &off W32
Al SAR WA foff Hof wheh o
2ol §F-8-(primary pyrolysis)} o]z} sl gk
(secondary pyrolysis(cracking)) 02 FESCE,
A dEglxel BrolemjAs WE7] oA de
dgwron & whgol o5 $dd frisketE
1z Hgten o]l dfgom FHHH o] o
ARE 7o "hgo] o ZggE|o] Hiole o
w2 AgER EAskAY CO, CO; 5 A
BAFE] 7t &, HSEA 7t FEHE HEE
A =l o] ¥ olx} &of whgolet {hrh
HhH HES7IUelA ZIA] AdElR EAishes 9
713 =40l AFd stAY 35H 229 =
o HRE Tl dojupA HW 1RSI} = Hlo]

ol

HQ oo ¢ T

-

2L o,

2&7} BTG, o]AF Wgo] Loluh WmE
e 349 24 24 % vpolomls Az %

ol wret getAy ol AdHor FHF IR
3 e Bl 2 dFe 7Ae fjler
21-g-trt46].

Hrolemj 2o ARl wh-go JFe vA=
e Wby ket w7 W ARAIRE Alme
s B AR 37] Tl 46l durEe
e X7t @A AlF AlRte] daE dEs] ¥
AollA AF wheol FA=o Ade T vt
orte] 4ol SRt dEA Ut E
& &7t §1 W ARl 2 2Z0ME HE

O B ju lo o

7t2e] @Al FSrkehe Aom dHA Sl wt
ojeuiAzRE MY PHES 1A k= 5
dasl 34 Y 279 wmE QAL £k,
A 229 Alof, vrg7] Wl S AAH=HE
S ARAT 52 AeAer AIA77] Sls)
M Btk FxAo|n A1l FE o 9597
sff vhE7] o] a4l QUrH13, 46-48]. Bt
oleujio] A& 7istd YAte] EHo=RE W
B2 go] AGHWHA 2L FH|(temperature
gradient)7} AR EHAGEET L8 HiolQ
w2 JRRe] =7 AT AEHE EE

s AAEE  Ateldl  F8EHS-(condensation,

o

J

|l
I
e,
Sl
:oég‘
il
off

& uolooge] Yarlse ATEF T

carbonization)©] LojutA AR 1A EF
AE T ety GHEEEE Holeo Yo
&2 23t 8% ot EdG
EA FASH] fleiAe Holews fs
5] walote] HIEHAS o, F dYe
g Yz ygdo] W2y n2A Agd &
L= B3V AAsoF jiT

Fig. 2¢l= €49 27 =2 Holeod A
g 34 EEd TUIREE HERES
(bubbling fluidized—bed)[41], =253
(circulating  fluidized-bed)[43], 1=z §AIF
(ablative, rotating cone, vertex)[46] Hb

T

il N il

HU ofy

[}
LR HioleujAo] FEHARS] Hiele Y
APl NS EASHATHIZ]. HERES &
71 120 @ukrtA(carrier gas)7t BFE7] UjR
of e FEd i (media)S 7tEstr 53t
AlA FEG710] FQlE= Hio]lQufA Ymel wWE
A HEForA 4& At 129 ujdo]
d=ot A&0] Eftolig w2 dHEEEE 7
g 4 itk BAEEEE ARIEES EdAE
22 SISHHA bio—char, Hiole el T3
7t ZtaR Rejdch dibdog Hiole e
2 ZHAY sidolA dett 7Had Ttae 4
Zote] whgd FE 9= x| o]gsti,
Hio] @ FH(bio—chan)& AR EG/HHA, S
S 22 AMgAE ABAe] == o]g3it H
55 87 & d9dl dgT|E 224
7b A3 F27F dste] AAY o] golgt
d3ol gQlo] HiolewiA H& dES] WET|=
de] ogst1 itk +eiEF W7l Ed
WRlolA ME2fEs BHe71¢t dde 2o o
g, 29k o] Fob Addre] mide] A4
£ @ wRETlelA wiEdEohe ol thErh
HS71olA HiEE wiE-E Hholextel oA Ate
ZEoA 2EEo] A4E o2 §RgTlo] =%

ol offf

2 e

g

=
=

. £8f55 HHg7= HERES g1l H]
sto] thA BRfelal 2do] ojf¢u Hluwd &
A9 Hiol oA HEG7} Thsote] TR A
Aol Ag}siet. ot (vortex) HHFS7|E= 129 &
HIAAE WEA BAFste] Hio| @ ujAE FRE b
571 WHE HAgez FistHA dENE o
Pol= oz dxyd ojdo] E-gst o]

EAolct. 3HE gHgrlE wAIt des g6t
o] 3ldsh= 120 Hh37] sicto] E¢lsto] Hh

ofll

3719 9yzloE U=t whgy] Bev A

k9
[Eo

- 457 -



(o))
o
2
i

TA[00)) TN

A010E 7Y P pmig

Biomass

I01IBIY X AI0N

Solids Recycle
Loop

(¢) Process schematic for vortex pyrolyzer

o
oh
s

Product Gas

10106y SSKT0IA] S0

sun) apada oy

Rﬂde(}a&ﬂeatex ]
(a) Process schematic for bubbling fluidized bed

Particle trajectory

J3[00)) YIUING

R LR

Product
Gas

BurO]]

Char

Fig. 2. Fast pyrolysis reactors of biomass for bio—oil production.

Lignocellulosic

8B ARAINY

(b) Process schematic for circulating fluidized bed

(d) Process schematic for rotating cone pyrolyzer

feedstock Eycaltyds
gases
Vapor,
Mill Flue gas, char Cyclone
: ch
gas products e
Hopper I
Pyrolysis
reactor
Motor Feeder ﬁ Bio-oil Bio-oll
storage
Fludizing — Combustor
gas
Air
Fig. 3. Fast pyrolysis system.
o AZIUA Guat Yol sHe WMo ASsel 9WT HEE I A W
24 guAAsl Wa g ohE weAls Sl 2A kS 89 Hloeds 44E 4 9
2 WMol dmel weo] wgy) wrlo] Ay Aol AUtk deht Lol o@I o



Vol. 31, No. 3 (2014)

73l a&o] Eojxe EHo] At

2.3, Ho|229| EH

w5E9Es e AAH HeledlAs 23
7t Aok oplzt C-C 2%, C-0 Adte] 3
Al 5 2k wgo] dojuA Ho HFHo=
WY A=l Hiol @ A3t THHEQI Hio] @, 7}
2 JE o HZHFA 7tAE AR dRF d7
el wsl FEdEs 42 15-20%2] ¥
vto] @ ZHbio—char) &1 60-70%7142] =2
W A= FE5 Hepdh o=t Hlole o Y2
Ahe 7 A 2A9 diFoln AERQA
SudER A 20d Fo] dEdl ol vhEof
A st fr1sktEe] kR B 2FE B
Holrt,

Fig.  4°]A Hlole e o] FAEES
D—glucose, glucopyranose, cellulose T-EAFo]H,
g2 2k AEE5S dEl A3,
49]. Hole e Aol AL FYEE AR TR
of weh 2EAoR ek, e Amen of
Hote Gl 349 2z vt gl
ufebd Holo 0 dle thapd §ejo] EA4S et
5 fleBm shte] FYstd JlEer #HIL
She A o dolrh. AAEAE Hde,
(furnace), A FoIA F2E FHOZ st=
Foll QlejA Fagt EA4o] He Bk, A,
w9 " SOl deide FeHow
22 Lot} Hio|e @ o] ohH Hio] 2o
ZFolut Hiolegr e A7), 2R
I HFe] o7 EA4Eo] Holeedo] F4

ool wo nS B o H

HO:LHOM
H

|
EI-!O\H
lHCI-H
<

D-Glucose

H:OH

Glucopyranose

| CHO
=0 CHOH
A;H 5 LOH J}H 3OH

3
Pyruvalde- Glyceralde- Hydroxyacetal- Hydroxy-
hyde (PA) hyde (GA) hyde (HAA)  acetone (HA)

oM oM
6 —on "
B o $H OH " o
) :
3
OH OH OH

Cellulose polymer

sholorjAz Y 4 dusiE $¢ Holeode] Y& ATEF T

A Gl disiAe obdE AF7E IPE
Art

Hio] Quj A 0] AR AE=Q A FuAER
oA ade Atart AdE ©E pAaRw
(oxygenated hydrocarbons) @] Ext2 FTAH
22t (biopolymers)eFetEolth. whaha] 2212]
ol HhS-(secondary reaction)o] HiAElE F%4
2ol 30 EAY Heleede W A
Helell A4 Ezmste 5 e A7ERE
(oxygenated organic compounds)= ZgsHA H
t}. Aldehyde, carboxylic acids, carbohydrates,
alcohols, ketones, furfurals, phenolss°] Fa3F
AiEE olF1 e AoR HruET ik AX|
7HA] Hpole @ o= 300%F°] He f71EHtEol
EAot= Aoz FRIFUTHS0]. Table 5% Hf
ol e e EAich= frIERMES FFol et
27 Aolt}t, #ads dESHE Hioleedd
= phenolics FH7F 7P ®I, 202
ketones, oxygenates, steroids <=2 wWo] Zx
S 5 T3, 511

T8 F715g=9 a2 Table 60 Wt
WAHS50]. AER QA kel levoglucosan©]
7V wWol ZedEo]l Qlal o]ofA] aldehydes,
acids, alcohols A2 Wo| &A= ZAS &
o= ik ERF HEo] @ @ Yojli= Alm Ao EAS)
d SR e jRger A o] 4T
F(15~30 Wt SlojA gdgReRE
FHo 7MY B2 FES AASIER Hpoleo
do BEo i dAreEs & Holx] U= &
o] Sl

Levoglucosan

HOH,C o CHO o cHO
\ OV
5-hydrozymethyl- Furfuryl
furfural (5-HMF) (FF)

Fig. 4. The chemical structures of D-glucose, glucopyranose, cellulose

polymer and the typical chemical components of bio—oil.

- 459 -



co
o
2
i
Iz
EN
oo
w©
lo,
M
olt
o
&

Table 5. Main components of organic
compound group in bio—oil

Organic compound group Number
Acids 12
Sugars 8

Aldehydes

Esters

Alcohols 4
Ketones 32
Phenolics 56
Oxygenates 16
Hydrocarbons 6
Steroids 15
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Table 6. Maximum yield of main organic compound in bio—oil

Organic compound Yield (wt%) Organic compound Yield (wt%)
Levoglucosan 30.4 Formaldehyde 2.4
Hydroxyacetaldehyde 15.4 Phenol 2.1
Acetic acid 10.1 Propionic acid 2.0
Formic acid 9.1 Acetone 2.0
Acetaldehyde 8.5 Methyleyclopenten—ol-one 1.9
Furfuryl alcohol 5.2 Methyl formate 1.9
Catechol 5.0 Hydroquinone 1.9
Methyl glyoxal 4.0 Acetol 1.7
Ethanol 3.6 Angelica lactone 1.6
Cellobiosan 3.2 Syringaldehyde 1.5
1,6—Anhydroglucofuranose 3.1 Methanol 1.4
Fructose 2.9 1-Hydroxy—2-butanone 1.3
Glyoxal 2.8 3-Ethylphenol 1.3
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Table 7. Fuel properties of bio—oil

HrolemjA2RE F4 dE6

i

B9 Hlol 00910 AT1e0] ATEF 9

Physical properties Typical Value
Moisture content 25%(15~30)
Density 1.2 kg/L
Element analysis (moisture free basis)
C 55~58%
5.5~7.0%
H
0~0.2%
N
s 0.01%
0~0.2%
Ash
35~40%
O
High heating value, HHV(moisture free basis) 22.5 MJ/kg

High heating value, HHV as produced

(depend on moisture)

Viscosity (at 40C) / (at 40°C and 25% water)

16~19 M]J/kg

30~200cp / 40~100cp

Pour point -23TC
pH 2.5
Solids (Char) 0.5~1%
AEFASHupgrading)7l&2 =94 WY ot Aol dm= AR & SleS 4SSt Sl
2 o] it &4 W ozE Hio] @ @ o o}, Fig. 504 Hi= Hie} Zo] H|E &2 H|-§o]
EAlete 1P 2 AAT & oot HAR} {AEATE, Hole e A2 X, Byl 9 Hdd
eototo] EARE Axsh= Wl [55], B oA deAom AdE FE HHE A=
gy = BAE HHo= it 3leHA wRo 2 AT 4 oy, w2 FEY "ikea 4
B HOleedS TiASkste] 7t FA7EA m& MEE Zart ofdE dob Slth. ShA|TE
£ Azxsr ¥ S SOt HEE, A VlErElr olgRt nEA drAitol JhE
DME(dimethyl ether), T T3 Z2 dARE SRR BAlgH A ofAl2 Feket dAlo] Sle
Az WHI AfolA 43t HEgolu AlE ™, 7I&A o2 didsof st= SAIE AL Q=
gto]E Fulj F#fi7)(cracking) RHg& st o geol.
A 5o WY dmE Axstke WH ol e Hiol @ uj A2 RE Y AYES A7) AT F
W, T2 $58A8 e FH R JH52]. EAEo 7lEol AT FHE T 2097
Hole S dm= EEotees WFer @2

2.4, Hio|22Ye| XMZF0}

19709 Afuts o]F, Hio|emjAmRE o
A AR= Al 9t we o o5 F
AR 7]&o] ATHT WA o, o GE]
oy AirE 918t 7HsAT HEC] olFTe]
da 9 FshEed dm BFEAo] AAge] A
b sl ook, @Az e] AFAntet o

el SdEd] 4T AgAE B 2

o
w, vtol@.0lo] B AFgFe] SE Fhsha
A, gl AR ANA g 1AL

A77} AEEo] YrH47] (Table 8). 19904 t)
49 FhE FHoR TEG A7rt AaEele
Za, @A Bo) A9, Bebd, Fdobiolet ¢
ohmesl gl 5 uolomja PEwo] o I
he FHom F59Rs) B0l Agsbt A
93 glek, E5, 7} vtol 2.0 st 8k}
29 9RBARA) A et Tl F=
93 glom] A} o] Hopol gk @vt L
A Aoz duEt S8 FbH e 54
sferE el 49 HE 580l A Yotz 3
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I Qlth=s HoflA HiRHEY. AAR oln] B4
g FetEdoly, FEEE AlQ(families of
chemicals)= 32|55t T Yr=E AREote =
A7} 5] o]Folx gt

Chemicals

Process heat

Transport
fuels etc

Pyrolysis
heat

Fast
Pyrolysis

Pyrolysis
heat

Charcoal

Charcoal
applications

Fig. 5. Application sector of bio—oil.
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SAE QT gl Aol

Table 8. Fast pyrolysis technology of pilot scale in global

Capacity

Reactor type (Dry biomass) Company/Country Product
Bubble fluidized 400 kg/h (11 t/d) Dynamotive, Canada Fuel
bed 250 kg/h (6.6 t/d) Wellman, UK Fuel
(BFB) 20 kg/h (0.5 t/d) RTI, Canada Fuel
1500 kg/h (40 t/d)  Red Arrow, WI Ensyn design Cl’ljooq alddltlve,. 1
Circulating eméca d;n.a.terla
fluidized bed 1700 kg/h (45 t/d) Red Arrow, WI Ensyn design FOO, a 1t1ve,.
(CFB) Chemical material

Rotating cone
pyrolyzer

Distillation

20 kg/h (0.5 t/d)
200 kg/h (5.3 t/d)

3500 kg/h (93 t/d)

VTT, Finland Ensyn design
BTG, Netherlands

Pyrovac, Canada

Fuel

Fuel

Fuel
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