Trans. of Korean Hydrogen and New Energy Society, Vol. 31, No. 2, 2020, pp. 223~233 KHNES

DOI: https://doi.org/10.7316/KHNES.2020.31.2.223 pISSN 1738-7264 * eISSN 2288-7407
=1 -5 olo] sk Ol ZXXI17|=
=% &l HI0|@ Qo] 22 3 EXV|E
f
uxg" - ZHQ

Utilization and Quality Standard of Fast Pyrolysis Bio-Oil
JO YONG PARK', JIN-WOO DOE

Korea Petroleum Quality & Distribution Authority (K-Petro), 33 Yangcheong 3-gil, Ochang-eup, Cheongwon-gu, Cheongju

28115, Korea

TCorresponding author :
joypark@kpetro.or.kr

Received 13 January, 2020

Revised 3 April, 2020
Accepted 30 April, 2020

1.ME2

Abstract >> Fast pyrolysis is one of the most promising technologies for convert-
ing biomass to liquid fuels. Pyrolysis bio-oil can replace petroleum-based fuels
used in various thermal conversion devices. However, pyrolysis bio-oil is com-
pletely different from petroleum fuels. Therefore, in order to successfully use py-
rolysis bio-oil, it is necessary to understand the fuel characteristics of pyrolysis
bio-oil. This paper focuses on fuel characteristics and upgrading methods of py-
rolysis bio-oil and discusses how these fuel characteristics can be applied to the
use of pyrolysis bio-oils. In addition, the fuel quality standards of fast pyrolysis
bio-oil were examined.
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Fig. 1. The schematic diagram of the fluidized-bed reactor fast pyrolysis system‘”
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Table 1. The properties of fast pyrolysis bio-oil*®
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Characteristics Value
Density at 20C (kg/m’) 1.20
Water content (wt%) 25
Carbon (wt%) 56
Hydrogen (wt%) 6
Nitrogen (wt%) 0.1
Oxygen (wt%) 36
H/C atomic ratio 1.3
Sulfur content (wt%) 0.05
pH 2.5
Ash content (wt%) 0.2
Solids (char) (wt%) 0.1
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Fig. 2. Overview of fast pyrolysis upgrading method
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Table 2. Properties of pyrolysis oil and pyrolysis oil derived fuels®
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Property Pyrolysis oil Emulsion PO-ester Mild HDO Blend
C (wt.%) 455 44.4 58.4 67.6 54.5
H (wt.%) 5.8 6.4 7.4 8.1 8.7
N (wt.%) <0.1 <0.1 <0.1 <0.1 <0.1
O (wt.%) 48.8 49.2 34.2 242 36.8
Water content (wt.%) 25.4 22.8 6.6 6.7 17.2
Ash content (wt.%) 0.016 0.298 0.018 0.017 0.01
Solid content (wt.%) 0.04 - - - 0.02
Density (kg/m’) 1,170 1,198 1,158 1,106 998
LHV (MJ/kg) 16.1 16.3 24.0 27.0 23.8
pH 29 2.1 3.0 3.1 3.0
Kinematic viscosity (40°C) (cSt) 13 36 115 149 7
Acid number (mg KOH/g) 72 - 22 - 53

Vol. 31, No. 2, April 2020

Transactions of the Korean Hydrogen and New Energy Society <<



230 % B Bl0|o Q20| BE Y BWIE

H7lE, S, A AA7] o= 28
AU YA oo 9l BeE
A AR AAL e 2] $AHE L
H8OoR AMgo] Jhsdt SEoltt AR 34
AAE o] fl8f whole 2] 4 AR
Z2adZaE, HAYEE Alo|Eadile S
SPHAIE A2 URE FE%e 3 ?*;74]3}71
= 3tk w3 445 ARE AHEH) 9
HAekakAs Hhgo] T Q3| ol FQsh 5\_2} Zj]
7b A Akl A 7 2 Bl AR &
ol kgl whe A AL Sia) 71E 2%
J_;H_J 2 m E_UHE ZQ]—_Q_'g}-__. drop in ﬁlelilﬂ
R o2 © A FEfL ew AEstaL 9]

=

4. HEH| HIO0|R @Yo EXI|E

T dug) Hlole 99l EAY|EL el
ASTM D7544¢} S5 2] EN 169000 A= o] glal
Hdejgomnt s Eo] glom 7] de-2 nt
#E]o] 91| 9kth Table 30f|A] m]=to] ASTM D7544
& 289 vole 2UE G oY doledn
(pyrolysis liquid biofuel)2 H*3&3}3l tl. ASTM
D7544+= Gi-af Hiole 22 4 +4 Sa5= Grade
G, D9] 25522 F238tal it} Grade G= AHY

I
o
=2

& o3k 7|2 o2 4y A8 Hdd, A,
Ak, 78 818 Folle 283 4= §lth Grade
D AFIE BY FollA W2 133t s 8+
Sh= Ao Aol A-8F ) Grade D= 7148 3],
A, g2 28 tiido] ot} ASTM D7544
= G Hiole edo] Sl Stufa} Zho]=ael
=% 733} 9Jrk. ASTM D75440] 4] GEa] uo]
© 990 3719 B9k & Ha glo] EA7|2e W

Zafof ek wiok 3709 Satel 5 ek Qofunt
W 3 el PE) Sia IS s

Table 49|4] 93] EN16900L E3] Hlo] o &
US G FES) Hlo] e 2 (fast pyrolysis bio-oils,
fast pyrolysis liquid, FPBO)Z ¥3slal S344 E=
TR Qi Zlos Aoskar Qloh
FAPARRE FES 2P 4 QR A
a7h gl 27104 450-600C, 5% ool ¥H-3-3)
ofgttt. EgL Hio]lemA R= 5 mm o|sto]HA
$E SleFo] 10% o]sho]of 3t} EN169002 1 MW

482 + 9o

F1ZNE G2 ouist Ge) vjole 24
o B4 UehRT Sict BaFe B vole
299 ofulx) YFS FHTH: 202 HAE o
oizpe] 120 STk WAFE g A2 HE

Table 3. Detailed requirements for pyrolysis liquid biofuels (ASTM D7544)

Property Test method Grade G Grade D
Gross heat of combustion (MJ/kg) (min) D240 15 15
Water content (% mass) (max) E203 30 30
Pyrolysis solids content (% mass) (max) D7579 2.5 0.25
Kinematic viscosity at 40 C (mmz/s) (max) D445 125 125
Density at 20°C (kg/dm’) D4052 1.1-1.3 1.1-1.3
Sulfur content (% mass) (max) D4294 0.05 0.05
Ash content (% mass) (max) D482 0.25 0.15
pH. E70 Report Report
Flash point (‘C) (min) D93 45 45
Pour point (‘C) (max) D97 -9 -9
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Table 4. Detailed requirements for pyrolysis ligiud biofuels (EN 16900)
Property Unit Test method Limit value
Grade 1 Grade 2
Net calorific value, on wet basis Ml/kg DIN 51900-3 >14.0
Water content, on wet basis % (m/m) ASTM E203 <30
pH ASTM E70 >2.0
Density at 15C Kg/m’ ENISO 12185 <1,300
Pour point C ISO 3016 <9
Kinematic viscosity at 40°C mm®/s ENISO 3104 <125 <50
Sulfur content % (m/m) (d.b.) EN ISO 20846 <0.1 <0.05
Solids content % (m/m) ASTM D7579 <25 <0.5
Ash content % (m/m) (d.b.) ENISO 6245 <0.25 <0.05
Na, K, Ca, Mg % (m/m) (d.b.) EN 16476 - <0.02
Nitrogen (d.b.) % (m/m) ASTM D5291 Report
d.b., dry basis.
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