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Abstract
The use of biomass have been continued from the begin of civilization. Intensive
researches on the biomass from the view point of alternative energy, however, have
been carried out just recently. Fast pyrolysis, as a tool to utilize biomass as energy
source has drawn great attentions, since it can produce valuable chemicals. This review
paper focuses on the recent developments of pyrolysis process and reports the

characteristics of bio-oil, the main product of fast pyrolysis of biomass.
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fast pyrolysis7]&& 27|84} g}
2. 944 -3}81%4 A& 7|% (Thermo-chemical conversion)
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2.1. 2Z(Direct combustion)
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s 9F AR ERECAFE 100~3000MW TFRe] ZHEAA v W9l
ZWETF A= itk #H<Foll Broek et al. ® Mitsui Babcock Ltd. 7} vpo] w29} coal®]
co—combustion power plantE A7l =, o] ¥ & ASFE(~40%) = YERN L
91014 coal-fired power plant 7H%ol] #3&k o] #Ale] gajrta o™ A7A =
i mpo] Qs WA AL A A WA ' vl Wk o] 83 Yed
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Fig. 1. Products from thermo-chemical conversion
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3. Fast Pyrolysis &3

ol ol AREuESe] /2 QAWVAZ APes] 9¥ FRES WPz

HAUZEE] AA L Jep0 ae vpel oM AER e FuldErs, gl
g A A=d(biopolymers)=o]l F A4S olF= dFe HAARM 1 AATL
At A= A (macropolymers)ol2kal & = 9low, H2 #3)j(thermal degradation)¥7d
AA HEA vgitA g oz A H 7] wiel] i dge A om g A=
AL w5 olele dolt}. o= volemjas @ =d=2 7Hgske] Ad A As
&FaLAt gt
olgder = o, Ax7t = s e mlejemjie] mEAbA ol
w3l (depolymerization, scission)d A= do\x7t sHH™ 2474 uegs =44
2t o] 13} Oélf?:ffﬁ el =
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TSt Yl AReeld e AvAEdE Eedn. 1
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Hhgah g $Eukgol dojuAl k. weEbA Fee] slow pyrolysis dOlA Bl
Aol S7tgss 13 8 S NIRAEE(@EdeRd = S99
TE&E Fo152L WAl gasst chare] F&o] TUbehs @Ade] vehdn aeuEs nkek 14}
A AgEol AAE AF RN mFEE AE FHAs ok $4549 whgo
dold = Sh= 718E A2 & 4 vke =dr7F AHEnh Fast pyrolysis 748 WhE
ole| g Aol Pzhsto] At B o] Zafoll o 12k A Eol thao] A - 2z oA
Z(second) @919 53] &2 AFAIE ATFomm NFAgE 35S S T 5
QA=F 3ok FAHH. Fmz olgle Fig. 20 &9 F2EE Zdd] wE



Hlo] Quj o] & ARE YERUATE Chare] AiS HAOR st A9t Hrp v
chzd =3 dAD S27F AT H o oF 81, fuel gase] 3|45 HACE Jrpd e
e QAY SrEe) 218 Wew @ Aol
Medium heating | High heating rate
value gas High temperature
] Aerosols + High heating rate
Biomass > vapors low temperature
\ Char + Low Low heating rate
heating value gas
Fig. 2. Biomass pyrolysis pathway.
Fast pyrolysisoll Al AEH L = AFAIES 5o mehA = 5% GE7A] A7 =

SHAIRE HE2 oF 2% oluloln, ol HA ¥ &S milli-seconds @] A FAITEo
AEHa vt ol FHA #F2 AFAE sAzHoR & 4 51483 "flash pyrolysis"ehal
371 % 3ok, A FAIZF oll, fast pyrolysis®] F83F A-FAZAL AyRH oSy 7o)

SoFd 4 vk WA AR SRR Ao]Hofof = Aojvh Wk vIe Hx A E el
oRF thEARE BEe] 9 W] 2= °F 500T HFo] 2&mvF 485 gitk e
wE dAe £eg dFion 5 F oled, o] 21e WHATI] A= nlAEHA
28 AEE FYstolof drh nixuto g AuE S5o] o] Fojx ok szt o] WIS
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AN ARAE B FRFelw sl Fejsl weslel el aTHm gtk
thgel R HEAL weyl P3N FREAXE A0 FHe /1E) 5o 42
ah sl

4-1 Bubbling Fluid beds
A2} Z22fo] golgk Holal b o £ AY AIE BRAFa QlojA] W A oA
A F o]zl Fe oo}, Union Fenosa(Spam 200kg/hr), Dynamotive(Canada, 50kg/hr),
Wellman(UK, 200kg/hr) 5 B 3| ALEof] 9 A pilot unit == plant =22 7935
7bEata ot

4-2 Circulating Fluid beds and transported beds



Ensyn(Canada)oll 9J8fA A4 &<l 4=5=(36dry t/d) 2 /L= o™, Ensynol A A& 3k
FA o]l A= Red Arrow(USA)o A 1~2t/holl o2& A3} 129 plant & A x| 3}
2AE #AvE Alzxol H&H3 9tk EnsynS ENEL(taly, 650kg/h)$t VTT(Finland,
20kg/h)°ﬂ‘: T4E ATt CRES(Austria)t= Fluid bed chare] $129} A% 2

s A BAE A7EEet7] f18] charE AAATI= $524Q1 23 vk E AA G
Ensyn®] wk&-7] ¢} &2 Circulating fluid bed unit®} €331 &4 9] k2715 7|3 a2 A
10kg/h TR 4 H 1 Yrp?.

4-3 Ablative pyrolysis reactor

7hEE WES7] Ho| AlsE4dS TIete] sysoEy 48 dAdste Y2 vheEod

Holtk, Ei3l o] H & vlol v ogt A5 SRR T g 7)ol Uigh S o

o8 ¢ & dFS U= olg}= Mo A t}E fast pyrolysis HFE7] 59 A& ¢ A3
=

o)

A
= wgd gE werIAE ARE HAEA B dah (lth
CNRS(France)ol A o] @21¢] wk7]d] what 72 Awaank™, 198016 NREL(USA)e
9]3)] ablative vortex reactor(20kg/h)7} 7lFg o]% sk 37 WMo} 19940l =
30kg/hritEe] Aol Ag A7]1% sk, Htoll= Aston University(d=1)l A rotating
blade reactor”7} 7= 31 glt} >,

4-4 Entrained flow

AAQL wpo]lo w2 Alge] AS AFSH] fSiA Thzel o3t dHLEE o&
Hk-8-7]1 2 A Geogia Tech Research Institute(USA)el 9] & 7§ &% 1 2™ Egemin Co.ol ¢
scale-up¥ QY. 2= A ¥k A== GTRIY Egemin process 5 o= &% AL-&5 ]
gom o ol /e ALE gz Aow defAa e
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4-5 Rotating cone Reactor

AAHo o3t ALaFHrt F7F He= €F9 transported bed reactor®A 19894
University of Twente (Netherlands)oll A 10kg/hrF 22 AFAX 2 A FetE o X|F&
BTG Co.(Netherlands)ell o]&l d =t @Al 50kg/h 1+5° BTG &4 7h&5 il
AT,

5. Bio—0il9] 4utEA

Bio-oile] g+ fast pyrolysis &4 283k vlo]onjx dEE A AHES dPE=

So]2 A, o]elo| %= pyrolysis liquid, pyrolysis oil, bio—crude-oil, bio-fuel-oil, liquid
smoke, pyroligneous tar 5 98] 7} o]F o2 &z At} Bio-oile AELS Folut

FF Aol Beb TEACR BelAn, g A RS SR A9IhE M, AFAT,
HF-S-2= 1 (heat transfer rate) @ W 5 FAZ A wetr = debzic} vl2 o] 23l Ay
ol bio-oil ¥ SAS YEbE & dvh webA shue] iFEstE VeeR FAEE
B7bshe AL o# deolth. Bio-oile o} 7

=y =
7}ah= 1744 AZAQ0 ARl AojAM e #FstdE
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CAE, gy s S dato s dEA I JATY, bio-oildl d+¥ charl
7], 3% grel ol 5450 bio-oile] FH el
n) 2= Gl A= obA e A7 a9l
Qo] FAEQ AERe s HVAERe s, Bad ARE AAVF AeTF A3
EFsl4=4 - (oxygenated hydrocarbons) @ o] 22 F+A ¥ A 18- 2H(biopolymers) gl
T 7] wEl, 224 ¢l(secondary reaction)iF2-o] viA| ¥ = fast pyrolysis &3¢ E4
bio-oil> Y TAF Ho| ZA EE3e= FE-2 oxygenated organic compounds&
¥l YA Hrt. Aldehyde, carboxylic acids, carbohydrates, alcohols, ketones,
furfurals, phenols %°] F83 AHAELS o]F1 ules= Ao Wuxz Qr}. vlEo]
bio-oilell&= AlZZFA o] EAetd &3 iafivkg oz A E Fito] Ad @ (156~30 wt.%)
FrEo] oA dddteRE FHoR JH we FiEs AA g mebA bio-oil
HEo AfA duet & Aolx] &+ 545 7HA Ut o] 9ex w2 pH, "Al char
YA A4k, oA oR w2 dEE s o 7HA "HelA Aot ApEs =
A& A APV wde nE] A AR AwaiEed 17M) et thg-o]
Table 12 HAE dlXFo® 3sfo] 450~550C 9] &%oA 0.5~5%9 AFAIZF Z75}ol
ozl bio-oil®] HARFARI SAES okt Folth. HAlE o]A7FA] npo] w29 fast
pyrolysis 7o 7} &9 H 5ol gy o= HA ok H(straw), S H
A Sk(olive pits), A7 AZA(nut shell) 59 FHFAEAAATH ALGFFer 2 FE
o|27|7HA] theFek AEEo] diste] ARA qEE AU HdHa JJow, HA AEA
Al=mE "oy st &£elAl(sewage sludge)tt 758171 E3 28 @ H 7| & o] 27|71
W97 SgE o o,

ox 1% ¢

H

Table 1. Characteristics of bio-oil from fast pyrolysis® %

Physical Properities Typical Value
Moisture content 25%(15~30%)
Density 1.2kg/t
Element analysis (moisture free basis)

C 55~58%

H 5.5~7.0%

N 0~0.2%

S <0.01%

Ash 0~0.2%

O(by different) 35~40%

High heating value, HHV(moisture free basis) 22.5MJ/kg

High heating value, HHV as produced
) 16~19 MJ/kg
(depend on moisture)

Viscosity (at 40TC)/ (at 40Cand 25% water) 30~200cp / 40~100cp

Pour point -23T




pH 2.5

solids (char) 0.5~1 %

Distillation maximum 50% as liquid degrades

6. Bio—-o0il9] =& /A

H%@@%~%Eé% SEAQ olfE e o] wg Fad AFFAL Ha Adg”
olel g ©A& FE37] S)3f obEo} o] of2] ko] AIAH L ik

Car % 427 348 2 YA ool A= T} @ Aol A Ao
e}

w ol wel JAEAe AAE 93 At getodAm PP NRELAAE H
cyclone A217] 9| hot-gas filtrationa @ﬁ%ﬁli BAsto 2 3| E3 gty AEe
FFS A AAAA S JY3 diesel engines o= AFg Ay ALEFLT

T7ret e AvE Bmu

Tk 7] duete] Adg wjdS Sl bio-oild ASE A XSt AFE st
CANMETOA &= dieselfrete]  Z3tE  AHdAE 3 micro-emulsions’d &l <]
bio—o0il2t FAHo] sME ul Y1, University of Florence(Italy)ol A= bio-oilZ}
dieself-7} 5-95%2] ¥ &2 EA3l= emulsiond B2 252 = JLEF kg s} sl AAE
Bty % QY. o] o= A (53] vlee)e] WL Al A1z skel wE bio-oil9
A= S7HE7E =38 77 gl woll vl A 9] 208 A =2 Ao Bl ¥

AREEE B booidl A P WY LYYE AT 54 9o
% ol

[}
AREA FAS FAYI7] 98l A 8HE Phoz B4 gl wstel v go] go] B
B wel AAW, M AdE 2 A0E B Hu oluﬂ@ BEAS o Akl

ethanols esterification E+

acetylization ¥ FEOZH bio-o0ild FAEE EF1 A7t e HIEES
%31 dieselfrote] E3to] 7t dthe A7 Aar Hx e vk Qg

Bio-oil& A5 = &8&3talx} st 54 stol] YEFES Folil M-S FHshy] 915k
A A EEE= ek AHE LS BE hydrotreating method$}t catalytic vapor cracking
methodE $8381 Qo). 74 AFAZ 2w o] F F7F9 334 /4 uhHS Eg)4
7hEdoly tAf FEe FEo YdFoR Y 7\]7] —’FT‘E A gk, FHufeo] kAot
W SHolA tha wH|gE Aol AR A= Oﬂ H]gko] A o
Yol = Aot

molecular sieveE A}&3}lo] bio-oil®} methanol T

u{u
T
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Hydrotreating method= 1%k FAFY A2Z70 A
hydrogenation—hydrocracking W&o 93] 2AQGAE A AL TR 24 7MHES
MAdshs WHo R gtelghs o= Qg FAgngo] Ui =rhes 9l S <k Y BHE

Hhe S387] flste] Sul7k AR H = Sl =X = CoMo, NiMoot &2 deojw &7 ¢
F2 Hg8u Ju’® ™. Catalytic vapor cracking W2 A2l EF(E3] acidic

zeolite)?] Zw|E o]83 dehydration-decarboxylation %A ®$ES  FEEA
bio-oilZHE AtA4 A7 (deoxygenation)”} o] FAA =& 3= WHo|t), tr|dxz=Add <o
450 CAHES] 22xAdA 2tAhE H.0, CO; COZ HABH™ bio-oile] AES tF-&
aromatics® A E X9t bio-oilAA ¢ H/C B|E&o] Y] wjiEd MEE 3 FTox
hydrocarbon®] H]&o] b dA48S oka Yrp?. ofefe] Fig. 3 & A dwtzow
4453 9% bio-oile] F5H QYRS AFA oz 4@ Aolu).
Liquid:
Hydrogen Hydrotreating quies Refining [ Naphtha and
Diesel
Bio-oil Liquids
> Refining
. High Octane Gasoline
Zeolites and Fuel Oil
—»| Conversion
Olefinic
Gases
Fig. 3. Treatment and upgrading options for bio-oil.
7. Bio—oil®] &&
AA7EA o] AFATe} ofe] plante] AFA0 ALAME F3] = @, bio-oile] HF
Ao S st AR R ANRAAS AXA R A ASA A (static

application)el ] A5 & AFEE 4 U5o] YSHIL Atk Fam Aol o]Fofxl x4l
plante] Z2AAE 2o 2ET. Hd# 9} furnacesd dRE AFdH FAHLS
Canmet(Canada), MIT (USA), Neste(Finland), Red Arrow(USA) 5& & 4 Jup¥ ™,
Al o] el thek ATAAH L Kansas University(USA), MIT(USA), Pasquali
(Italy), Wartsila(Finland) GelA 2AEHAG. 7k=guleA AE7bs o ¥ ENEL
(Italy)oll A A8 = AT,

b oAl Aavlst wF %o], bio-oil A JNEAAES AF ABS ol T
A Z (transportation fuels)Fw=d] siHsts EFA=Z71x FAAZ 4+ dr}. A &
ZEaT o R ol nFHE AR Aol T shARE A A Ho A of A 2 F kgl whAof gltt

o]l Qi A2 e A AAHES 7] 93 fast pyrolysis 7]&E°] AFE L vwbHE FH&
2043k, bio-oils &R d&stes WFez B2 A7F FTH Sk 2y A
bio-oile] 7F4&= sty duEdmA ] Adel g 4ol SFHaL glom AAf o
ok gk A7t @l d Ao didrt. 53] FUAVF =2 55

o 2
H S Bego] 14 Gotk AAA mie] 7hssly] wiel gak v W #ilo] mopd

ol



Ao o AR} o2 et 7} 5 AdS bio-oil AA7}F biopolymer7Zt H3] ¥ 7ol A
AAYE= e $3F A E(intermediate) S £33 vk HollA v H T AA| 2 oln
EAE G gstEAoly, 3etE A d(families of chemicals)S 3]53te] & 9852
AbgelH = Al=r7F H8] o] Fol- gkl A= levoglucosan, hydroxyactaldehydes 9l
E+  3eEZA(specialities)d] &9 AHA, ¥ resinAFZE Y3 polyphenols,
F-se e, vE, g9l AHTlE, AETdd E5EAY s AL T S
HeJoll Al o] XaEa ot EAl |25 E e AE ArsTE ofe] vl A
AabE o) gaek AgS FAsta QoY g Fig. 40l bio-oile] Z-&¥ 99k Wk
mAH o mdAs T

| Prepared Biomass |

v

Fast pyrolysis
to liquid

v

Extract or
react

‘_
4_
\4 y
y v A4 A4 i
Gasoline Chemical
Heat Electrcity & Diesel

Fig. 4. Applications of bio-0il®”.

8. 8.9k

Hpol e 2= AR T4l o] VIS A A Al thei M A8 R A =2 A 54
R COz A%t o &l et a4 ez Adsio AAY Ao 94 55 v
At wEbA ol viag mFEe] Adom dshy] g dev)Ee] o] HAd

EERER

Fast pyrolysis 28t7]s & vlo] o 2w KB o] s 3 A7 o] FaL, 1A nfo] @ nfj 2o
Hlglo] G Tod dd o] T Ad A E] 35E&S HANE & F AEF AUt Fast
pyrolysis &9 BFAQl TN AAT 2=(eF 500C AP)Ao e}t 714 AAHEQ]
=53] &2 AFAIHESE 2% o8}, I gE5g Yo og A

=

Fast pyrolysis &7l ols] HAE+=
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Bio-oil MA84 glole AAALAEe AdurA 284 5 Aok /HERge AF A
ol's el d&(transportation fuels) 2 F2& FFT = oy A VeFEozs AF7
Azl wste] AAe] Wojzth Bio-oil> dmzAM9 7heA W vk ol 515hE o]
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