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Hlo] @ ui A 7hAast TS 9ate] WAdo] 0.1 mo) T Eol7t 12 me) FEE HkeT|ellx] £ W Enjo] H7lt
I R2HA7E (Producer gas)ell TIXE JES gelslgith 7hAE ARE S W), ABTT AA, ARIEE, 2
el W27, 57 WA W kAR HdEieith SEA U SRR A=) 380 pme] B
silica sand 2} ]2} 356 pm 2712 A7JH WM& ARSI AR Hlo] eml| A= 4t =35 (Korea woody
pellet) 9 Fdo} & FAHEQl EFB(empty fruit bunch)E F3 Fe|2 71ste] ARSI A3 17 WFEE AR
FH% 50 g/min(EFB), 38 g/min(KWP) ¥-3- £ 800 °C, ER(equivalence ratio) 0.25% Ag3I3ict. %9 Wisg =
il AAE WeAE TEA 0~100 wt%] 3|2 ARSSIICE ZEASAIR F7] B Air-Steams ARSI
ol =571 #7132 SBR(steam to biomass ratio) 715 032 % }3AtE AAE 719 24, EFE(Tar) 2 A91dd
S S50l A3 AYE AdE WA BE Az ZERAIRA BFRS] §RR 717 A4
67.3 wt%2] 7ras-S ROITh AL F77EAs el 2AJE W] o] SR hAsiint. vt
Air-steam 7}2Slol|A] A dwke WshF AAY e3)e] A% T FEE B

Abstract — A fluidized-bed reactor with an inside diameter of 0.1 m and a height of 1.2 m was used to study the effect
of steam and catalyst additions to air-blown biomass gasification on the production of producer gas. The equipment con-
sisted of a fluidized bed reactor, a fuel supply system, a cyclone, a condenser, two receivers, steam generator and gas
analyzer. Silica sand with a mean particle diameter of 380 wm was used as a bed material and calcined dolomite (356 pm),
which is effective in tar reduction and producer gas purification, was used as the catalyst. Both of Korea wood pellet
(KWP) and a pellet form of EFB (empty fruit bunch) which is the byproduct of Southeast Asia palm oil extraction were
examined as biomass feeds. In all the experiments, the feeding rates were 50 g/min for EFB and 38 g/min for KWP,
respectively at the reaction temperature of 800 °C and an ER (equivalence ratio) of 0.25. The mixing ratio (0~100 wt%)
of catalyst was applied to the bed material. Air or an air-steam mixture was used as the injection gas. The SBR (steam to
biomass ratio) was 0.3. The composition, tar content, and lower heating value of the generated producer gas were measured.
The addition of calcined dolomite decreased tar content in the producer gas with maximum reduction of 67.3 wt%. The
addition of calcined dolomite in the air gasification reduced lower heating value of the producer gas. However The addition
of calcined dolomite in the air-steam gasification slightly increased its lower heating value.
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vio] @ mj A5 gk njo] QA 7hAsh 342 1970 o] F A}
#] ARatsS AXEA 521 el whE giAeu A de
do] Q7131 ALSA, Fo)A Hols Ftato] Afin] 1A A
go] yhEel e E7akal =7 A AA dlellA] JAsdS sk §
t} ufo] QA TpAs FH 07 dojxl TRFATFA B H,
gFo R sl M7k 757 MAE Bet T 3T A
o] B7Fsstrt, HAIRE FATEAS) A 1A €] glehE A
o] Ao 7hsatehd A ol qA] p o= shte] tite] # &=
ATH 1]

Hpo] @A 7hAshe vt 2 F 39A19] IS Fall A
ok, AR vjo] QoA o] WU s AT, 7 9

A 2= FHERo] WAL PAA nlo] 9 u s Jte] i Y F50]
o= &333} T (Devolatilization), PFA| =} 2 Char®} o] &
A QT o]5te] 0,9 HEE-3te] CO 9 Hy7F 43R 227417}
2 (producer gasys A= 7143t DAIZ FFEETHR2,3].

upo] @ mj 2 7kAshol] Qloj A W= A7 ER(Equivalence
ratio), 7+~ 8}l Al (Gasifying agent), <5 (Bed temperature), %71
(Steam) 2! F1l|(Catalyst)2] H7F2 UE 5= QUTh Blo] Qufjx 7k~
slelA] 7kt AlE YR O R F7)7kA% W 57 To] o)
Zo|a I, 5718 ZHAshi A = ARE-gt 790l REE-7] Ul
729 A&l dFgol BasARt 37|7kAske] B9-HTt H
LG T2 FA7IAE & 5 vk o= 1] RES¥ Chars} 7
=717} /WA HE-S-(Steam reforming)S 3 H, W CO2l £A0] &
7H= A6l 71Q18H o] 2 Q18to] WhE-7 U] 2HF-8h= Charl] & I
S 7HA~$HeH4,5]. vlo] @ulj 2 71~ 3}l 4] ER(Equivalence ratio)
glstefEel ogh AkshAlmto] @ u 2 FFn]eke] TAIE VRt
ER=1°] &l|F3l= ¢ o]2& 07 et d4vt doju= A&
o)t 7hs) 27dol|A] 1 gho] ARTF H,, CO9l &0 Fha
skal, MR CO, &2 w=obxlth dabd 2 2 ERO] 0.2~0.39014]
EZFA 7S W7~ RE(Cold gas efficiency)> & thX] o] =23}
I IR =AY B2 EROAE ZEFAIEA WrkA g S0 A
SHoH6).

Hlo] QUi A 7}A3} 2 2= T2 FA7EA 24 (Gas composition)
¥} 28/d = (Yield), €47 2H&-(Carbon conversion) 78] 11 H A &
(Heating value)ell 3= w|X™ §EE7198] @257 w575 &
ek 57) NEARES O = Qs A5 Bl R WAy Eo] ThAgith
I B I TH4,5]. 22} Salaices S [7]S HFo] @ ui A 743
A FHALET 555 A84Y 7 Ao AR =R 3E
(Ash)IAF 7F] 5% (Agglomeration)S AAA|517] 918+ & 2] =4
=5 750~800 °CEfal STt

Ef2 & vlo] eull A ZEASIA] Bokd )14ke)] o3l Y, B
o] 150 °C o)/dRl S}5HE 9 AofA Tl 355 glsh
A 3= 5 Al FATF 0]/de] '8l Ax(Hydrocarbons) & =
9] SR Bl e 7R, 7R FE] gl vt sl §
ZE|o] FAlou Bls fiste] 3YE ST ER o)& A3t
SRz Zlo] 7kaste] A g-3kA] 71 Festttal & 4 QITH8. Table 13>

S7H] 1w o2 B gk vukE g2l sk th9-12]. Bergman 512}
Tar classol] W= 55255 UERN =T Class 2, Class 4 2 Class
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5% 0°CoNA] - 355 1L Class 32.2 55| Light aromatics
o] ZTRFAZE RS Bl2E A3 8Thal B arssitt.

vio] el ZRAslelA] Fulje] 8k B2 o] g Al AlA Y
CH, /Aol wpE o o] L2 FA7EAE 7] fJsliAolrt, 5t =
vl Ae)e] 7)o 2= Fuljo] 714, 4] 2 Carbon fouling 12| 12
2% (Sintering) © 2 Q13 Fvl) Bl &g stol] Tk A SO= o
F gk 4= QITH13]). Ful ] 57 B2 E AlASHE SRl nhebA
Fohetl 7ksihg Aol Hofste A5 194 18] 7k
SES-2] ShollA ZEAE AAISh= 25k FHulE SRsitH14]. &
Al ol 24 W92 (Dolomite), ¢Z-2] =<5 123l Ak
(Oliviney> 7FA 0] At HA] vlo] QulXx 7kAsh ¥ A| 225
AZERS] &S oA BFE S SAIsHE aEQl Fuljo]
o} 1o WeAe vo] 9 uj A ZkAsEgoll A 7]&o] WES] 4t
WE o9l okar, A 7] H3 wpRIF wE | CO,9] o] FO
B 3204 CO,E AAIL 27 F W24 (Calcined dolomite)
< URbE o = A18-sltH4,8,13,14].

uo] @ulj A 7131 Fal A2 TR AT Thekst B4
o] g 4= gl R R E T8 I3, 7kaddzl aEln
ZEAEREE B8t A7) AAtel] o] g-dnt. kAl 9 ZEAEN )14
=40 SloiA] Bl2 = 3 e dRlo] HER TR FA] 7kA]
Ef2 3 nlo] @A 7hs) 7] A stel 7 2 EAlde] 5
2 Qe SHAIRE 718} 3 St LRFAVEAE AAISkE A
ofli= F7HQ1 4] go] Q=B 7iAst F oA B= &
Fole Zo] Halolet 8 = Qi vfo] Qul A TRASel A &
212 w22 9] CO,°l A U ok EE] 4] e QlE] 2
sl 2 2 ARGE QT SR A WA S 19k Sl =
& A9 T2 FA7EA0] B e kA W F7HAR1 0]
o] Qx| k2 o] glom Ad@AxelA vk #8o] 73l
LEgk vpo] Qui A ThAgel| X Agkl] 55718 ke ZRFA 7L
29 H, 9 CO S S7MIZIER 15 Sl /g WAz
2ol ARgE A9 e BE g gl w2 mhgS Ve LR
M7FAE A& T s Alolth wEbA 2 Aol A= vlo] Qe
ZhAst 2R T 7Sk, 5 2 BRS Ak Sl A&
A ] 7k Risk W 5] b mE 2R RATES B
g, A Qe wish 9l Z A TRAl] 24 HskE Sste]

9| TRFAINAE D8 5 G 208 St drk

k

o

ME J
[

o

O O

o

2

o

3

S
X E
. P

o
[

B

2.4 o

2-1. S22 ¥ H0ie| My

S =42 Geldart particle classification®l| 4] B 150l &8H= 3
U E 380 ume] A E W PR EE0] =2 Silica sandE 41795}
Ao 15]. SE2 9 HAaf-53 = (Minimum fluidization velocity,
U, o= A-2oA 217 0.12 mo] i 3] 1.2 m?] Cold modelS A}
g3l S0, SHE H A fs3 S5 0.1 mvs o]tk

8] A7 B2 Aol aRtAo]n A el Zull WMAS
Agereict. Aol AFS-s7] 8l A AFE e o] ulA A
(Ca:Mg, 8:2)2 =4lskSITE Aol AFgH W24 2 48 wt% <]
CO, 5 ¥kl 3lar o] 5 AASH] sliA 900 °Coll A 10 h F<t
/A1 A AFESEATHS]. A4 W22 (Calcined dolomite)> S22 2
283t Silica sand 2+2] YA} 27] 9 UEE 312319 200 pmo]
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Table 1. List of tar compounds that are considered for different tar classes [9,10,11]

Tar class Class name Property Representative compounds
1 GC-undetectable Very heavy tars, cannot be detected by GC Determined by subtracting the GC.- dete.ctable tar fraction
from the total gravimetric
) Heterocyclic aromatics Tars containing hetero atoms; highly water Pyridine, Phenol, c.resols, quinoline, isoquinoline,
soluble compounds dibenzophenol
. . Usually light hydrocarbons with single ring;
3 Light a.romatlc do not pose a problem regarding condensability and Toluene, ethylbenzene, xylene, styrene
(1 rings) o
solubility
4 Light PAH compounds 2 and 3 compounds; condense at low temperature Indene, naphthalene, methylnaphthalene, biphenyl,
(2-3 rings) even at very low concentration acenaphthalene, fluorene, phenanthrene, anthracene
Heavy PAH compounds Larger than 3-ring, these components condense at
> (4-7 rings) high-temperatures at low concentrations Fluoranthene, pyrene, chrysene, perylene, coronene

Table 2. Properties of calcined dolomite with silica sand

Table 3. Ultimate and proximate analysis of EFBP

ltems Calcinfed Silica
dolomite sand

Description Symbol  Unit Value Value
Voidage at loosely packed bed €, - 0.68 0.42
Particle mean diameter d, pm 358 380
Particle density p,  kgm?’ 3020 2580
Bulk density p,  kegm? 950 1496
Geldart classification - - B B
ahe] QIApE AAskTh AP AHSE A WA S BrelE
358 umE 7FA = Bulk densityE 743t ¥ aS S35+

Particle densityS 7331tk 57 ¥ Particle density 1,870 kg/m?,
Bulk density 950 kg/m* 2.2 ©]+= Geldart BY AFoll £3HCH15].
Table 2¢] Silica sand % 2424 9] /445 YERHSIT

22, 9129| MH

Ao A A3 vto] @ A= e o] Ao} 4 Palm 5ol A
0ilg F&3}L1 F-& Empty fruit bunchS 27 6 mm, 2] 6~20
mm Ate]9] 715 7= E3 FElE 7Heste] ARSIt (o138t
EFBP). =rul4t vlo] el As ()Y Ente] oA Alzts]o] Az

Steam
generator

3 L

|

ID-FAN

Biomass pellet EFBP KWwpP
Ultimate analysis (Wt%, dry basis)
C 473 49.6
H 5.7 9.1
N 0.3 0.0
S 0.0042 0.0188
(¢} 46.6 413
Cl 0.0154 0.0030
Proximate analysis (wt%)
Moisture 8.4 8.3
Volatile 71.8 82.0
Fixed Carbon 19.1 8.6
Ash 0.8 1.1
LHV", keal/kg 4316 4,448

*LHV: Llower heating value

]l A& ARSI th(©] 3F KWP). vlo] @ w2~ 8] 34
(Proximate analysis) 2! ¥ 4~-4](Ultimate analysis)< EA1108<
o]g-31a1, A LA PARR 12615 AR8-314] Z743813IT}. Table 3
of o] @mi A FAEA], AAEA L A PR A HERASIT

20cm
&>
50cm
Gas analyzer
15cm
—> | Moisture
trap 55cm
oSS
&>
Out let gas 10cm

water

Fig. 1. Diagram of the bench scale BFB gasification system (S kg/hr, T: Thermocouple, P: Pressure gauge).
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& Aol AHEE 7 ER/-55 73k A €] Zi=FEE Fig. 19
Hepigitt A= A f-55 RE71(0.1 m-ID x 1.2 m-height),
7k~3} 9 fs Al e] ALt 355 913 MFC (Mass flow controller)
S FYAE R N, (5850E brooks), Air (5853s brooks) 12| I
H,0 (LIQUI-FLOW™ series 1.30 bronkhorst)S A4-3-31t. 2H3
Al AT FFS ¢804 Screw feeders A3}l A FolsH o 7}
2shujA| o] A 7E 9] 918 N, a5 g XSSl dAke] 2
A 4 W75 913} Cyclone, Chiller, Condenser 7181 75715 %
78171 913t Steam generators AFESFITE AAIZF L2 FA 7E
B8 913 Gas-analyzer (ABB CALDOS-27, URAS-26), 2747}
A " ERE 248 $8)A4] Gas-Chromatography(©]3} GC, Agilent
6890, 7890)= /\]nﬁlo]-oﬂ\:]- A 7Y AR 1 Ge BAL 93 7}

2~ E 32 Moisture trap 2! 1 um&] Pore sizeE 714 Filters A
f51o] GA3t & LSS Free board 43 245 3llA] Ste]]
Bzel= LAEe] oJAsk oFele 9x)EK)

B AR 29 1 £57] k) 1E 93 dohand
2 2YAUFES APATAE 20E B4 2R,
2

Narvaéz 5[16] 780-820 °C ¢ ol|A] o]2] A AF2=2] BFB
(Bubbling fluidized bed) 7}2~3}4+-8-71 8 ALg-3}o] ER ¥ 3}(0.2~
0.45)°ll & ZRFA7EAC] A 9] Hh S 575k ER=0.25%
oM ZEA7EA AP 7P 27 vebRdthar B skl
TS Baker 5 [171 ©haket w571 2 G4, 7143} 271004 o
*}2] Condensible tar yield (kg/100 kg dry wood)E 7 2|5} =1

Table 4. Experimental condition of EFB gasification

ZL 800 °C o) AtollA] XX E = Ak El2 AAlERo] 48] 7F
aFtta Busigiat, A=) AyE Ve o® 2]l

ER=0.25 4 ®F-5-7] %C%— 800 °CZ A73I3lrH7,16,17].
5 Ae Fal st D 7kashlA 4 F
FE 52 Lmin®. 2 A% f‘& T ERS FdsHAlE] flal w5
S 50 g/min (EFBP), 38 g/min (KWP)2.Z A3t} A5 &
T Screw feederoll A 2] 112-0] Z7kAstul A9 o 75 7] 918
Inert gasZ M N,& 1.5 L'min .2 F]35F9th b8 542 Air
plenum, BFB 7}%~3}7](Bed height 10, 20, 40, 80 cm), Steam generator
1831 Cyclone 8] T Y F-912] =kt & As 574 sSict. o]
u] Sctko] DC JIHE R EE A5 Free board?] $H&= 0~100
mmH,0= 2433t} &% 5742 Steam generator, BFB 7}2~3}7]
(Bed height 10, 20, 30, 40, 80 cm), Cyclone 12| Out-let 5 2
F-8vlct K-type®] Thermocouples AHE-SHITE 71 2755 W&
719] &% %72 PID (Proportional integral derivative)4-2] ©. & o]
It 7571 A7k AP AP S T3] Steam generatorel A]
QPFgA o7 ISk = 2791 250 °C, SBR (Steam to biomass
ratio)=0.32. % ZA7d3}al BFB 7}2~3}7] 9] 25 cm 7F2 oz
23114 3}0] 3 (Sparge pipe, | mm - 1D x 8 eayS AFE-510] BABIATE
Cyclone®] &5+ EFE.9] 35 271913l 300 °C o)/d-& 138131
TH11,12]. Condenseri= A->2] Fresh waters AR50 12} W25}
11, -10°C9] Chillers AH&-38to] 22F2 17 °C o] 3t=Z ¥ 2t33i T
_LEW/\17]-/\‘/] El= g slak ZA] gl kel =40 mgl i N2 = 3z
gralo] =35It} Table 40l4] Hlo] Qv A § 2 EFBPE Al
0}01 S0 W S227] H7tel| whE 2] 7b8) AES Salst
SItF. Table 5= KWP& Hlo] Qi Al 22 ARg-fo] =33 A&

Item EFB

Case No. 1 2 3 4 5 6 7 8 9 10
Bed temperature (°C) 804 805 796 802 801 803 799 801 799 804
Operating Time (min) 60 46 61 53 60 50 50 55 55 52
SBR (g/g) - - - - - 0.3 0.3 0.3 0.3 0.3
Amount of dolomite (g) - 130 260 390 520 - 130 260 390 520
Amount of Silica sand (g) 2600

Air flow rate (L/min) 519

Feeding rate (g/min) 50

Mixing ratio (%) 0 4.8 9.1 13.0 16.7 0 4.8 9.1 13.0 16.7
Bed height (cm) 22 27 29 31 32 22 27 29 31 32
*Gasifying agent: Air, Equivalence ratio: 0.25

Table 5. Experimental condition of KWP gasification

Item KWwP

Case No. 11 12 13 14 15 16 17 19 20 21 22 23 24 25 26 27 28
Bed temperature (°C) 807 808 807 806 802 798 802 804 797 808 802 803 803 803 803 801 804
Operating Time (min) 72 80 65 80 67 50 46 65 57 51 46 52 50 60 60 70 65
SBR (g/g) - - - - - 03 03 03 03 - - - - 0.3 0.3 0.3 0.3
Amount of Silica sand (g) 2600 2600 2600 2600 2600 2600 2600 2600 2600 2600 1545 960 428 - 1545 960 428 -
Amount of dolomite (g) - 130 260 390 520 - 130 260 390 520 515 960 1290 1640 515 960 1290 1640
Air flow rate (L/min) 52

Feeding rate (g/min) 38

Mixing ratio (%) 0 48 91 13 167 0 48 13 167 25 50 75 100 25 50 75 100
Bed height (cm) 22 27 29 31 32 22 27 31 32 22 22 22 22 22 22 22 22

*Gasifying agent: Air, Equivalence ratio: 0.25

Korean Chem. Eng. Res., Vol. 53, No. 6, December, 2015
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W 22 A7k BFE S Ul A 98D (Lower heating value)=
eIt Bf 2 koM AF3ltkAl 9] vlo] o2 7hAs) 2
Fe] djlo] HBR El2 g Thae A7 oA 7 F
Qafrkar sk 4= Qlok. AU 0] bR S Re ZRFAI7EAS] B
2 gezkho] QlolA A s BT 2w
7hgo] 7Hd w2 520 goll A 5715 HA7he B9 EFE @]
1.07 gNm*& 37}81A] o2 79 1.34 g/Nm*?] 71 whe ef= 3
e B Tl ol A A o] FulEm| o] o3 gl H71ero)
AstE 28l 552 ol7F S7H22~32 ey o] T o] T2 5T
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Table 6. Total results of the experiments with EFBP as fuel (GC-TCD, -FID)

Item EFB

Case No. 1 2 3 4 5 6 7 8 9 10
Producer gas composition (vol.%)

Hydrogen 9.6 13.1 13.7 13.2 12.9 14.4 14.7 17.8 17.9 15.1
Nitrogen 472 43.1 445 442 473 42.0 445 374 39.9 41.5
Carbon monoxide 17.6 16.5 159 15.7 14.6 16.4 14.3 15.0 15.8 16.2
Carbon dioxide 18.4 20.1 19.4 20.4 19.5 19.8 20.8 22.6 21.0 21.1
Methane 5.0 5.0 4.7 4.7 43 52 42 5.3 42 4.6
Ethane 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Ethene 1.5 14 1.3 1.2 1.1 1.5 1.01 1.4 0.8 1.04
Propane 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.00 0.01 0.01
Propene 0.09 0.10 0.07 0.10 0.04 0.10 0.06 0.08 0.05 0.07
Iso-Butene 0.00 0.06 0.00 0.05 0.00 0.00 0.04 0.00 0.02 0.05
Benzene 0.17 0.16 0.13 0.14 0.11 0.17 0.13 0.14 0.12 0.10
C5+C,+Cs 0.11 0.11 0.05 0.09 0.10 0.10 0.06 0.16 0.05 0.05
Tar (Heavier than Benzene) 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.03 0.03 0.03
Producer gas characteristics

Tar in producer gas (2/Nm?) 1.72 1.71 1.43 1.41 1.34 1.61 1.57 1.23 1.13 1.07
Lower heating value (MJ/Nm?®) 6.4 6.5 6.2 6.1 5.5 6.8 5.8 6.7 6.1 6.1
Tar reduction (Wt%) - 0.6 16.9 18.0 22.1 - 2.5 23.6 29.8 335
Table 7. Total results of the experiments with KWP as fuel (GC-TCD, -FID)

Item KwP

Case No. 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Producer gas composition (vol.%)

Hydrogen 105 127 131 11.7 141 145 126 151 151 172 102 13.1 145 139 159 168 17.1 16.1
Nitrogen 472 483 450 49.1 457 457 494 444 458 382 513 463 444 4311 434 488 425 450
Carbon monoxide 164 147 162 135 162 149 120 158 1242 143 14.1 155 16.1 168 129 112 139 142
Carbon dioxide 19.1 173 194 204 17.7 184 20.8 18.8 21.6 242 193 19.6 195 21.1 224 184 21.0 199
Methane 48 51 46 39 47 45 38 44 39 45 39 44 45 42 43 38 45 41
Ethane 020 02 02 01 02 02 01 02 01 02 01 01 01 01 01 01 01 0.1
Ethene 16 13 13 103 120 14 10 11 09 10 09 08 07 06 08 0.7 07 05
Propane 0.01 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.01 001 0.00 0.00 0.00 0.00
Propene 0.08 0.05 0.08 0.04 0.06 0.08 004 0.06 003 0.10 0.0l 005 0.04 007 0.03 0.05 0.03 0.04
Iso-Butene 0.00 0.04 0.00 0.03 0.00 0.00 0.03 0.03 0.02 0.03 002 0.00 0.01 001 0.00 001 0.01 0.01
Benzene 0.17 0.14 0.13 0.12 013 0.16 0.11 0.12 0.11 0.10 0.09 0.02 0.07 0.08 0.02 0.07 0.08 0.08
C5+C4+Cs 0.07 0.05 0.12 0.05 0.10 0.18 0.04 0.06 0.03 0.08 0.04 0.08 0.04 004 0.08 0.03 0.03 0.02
Tar (Heavier than Benzene) 0.06 0.05 0.05 0.04 0.04 0.05 0.05 0.05 0.05 0.04 0.02 0.04 0.03 002 0.04 0.02 0.02 0.02
Producer gas characteristics

Tar in producer gas (2/Nm°) 211 203 1.87 1.77 163 203 185 1.83 1.73 159 093 081 0.74 069 1.12 086 0.84 0.85
Lower heating value (MINm?) 61 61 61 52 62 61 50 60 53 63 48 53 55 47 53 49 55 51
Tar reduction (wWt%) - 38 114 16.1 227 - 89 99 148 217 559 61.6 649 673 448 57.6 58.6 58.1
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d, : Particle mean diamter [um]
ER : Equivalence ratio [-]
LHV  : Lower heating value [MJ/Nm?]
Py : Bulk density [kg/m?]
Py : Particle density [kg/m’]
SBR  : Steam to Biomass Ratio [g/g]
€, : Voidage at loosely packed bed [—]
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