OllX|ZSt, HM23™ HM3Z(2014)
Journal of Energy Engineering, Vol. 23, No. 3, pp.211~220(2014)
http://dx.doi.org/10.5855/ENERGY.2014.23.3.211

B Az A SR B, A, F9A Y 54 24 9 9E
wiale] whe BAREn ] A AT
o8l - oA - oAR - AUF

Aot vlo] e Al g st} “Sreib wstel AR e T A
(2014 39 119 A, 20149 9 3 54, 2014 9€ 5 A1)

The Formation Characteristics of Tar, Ash and Clinker due to
Combustion of Wood Pellet and Performance Analysis of Wood Pellet
Boiler in terms of the Moisture Contents Change of the Wood Pellet

Seung Hee Euh' - Kwang Cheol Oh - Jae Heun Oh' - Dae Hyun Kim"
Department of Biosystems Engineering, Kangwon National University, Chuncheon, South Korea,
*Forest Practice Research Center, Korea Forest Research Institute, Pocheon, South Korea
(Received 11 March 2014, Revised 3 September 2014, Accepted 5 September 2014)

2ot

Al s B2, A, S8 A 54 A9 OE0, 159
EE‘EH s Ao TG B SASe] Al
AGwel] P2 AL w77k} 3 viEE A gk
] 75, nietel] FH w9l om, —z— %3‘33 AP e] Ax Foll HUFolx A, 1133}y
= 3o UrE‘r xot EAPEE ] Sl HE gQlowx 82 Fash 9lo=w gyt

XH#F@" o]-ggt HAEE S Bt dd FraE ), Ai AGES] APl STl E AES
HeRfSloH, ool e A =B T8 Ad) Al2=F] 2 O ] EAlFlo] A H A
53], ZAEE0] gl e AR R g o] s AN, 1sw AR $Eo] 6.6%p
7kl S wl, Rdeago] oF 27.08%p HAhE= o= ERTL

Aol BAAZS
Ezﬂ 9510] ool T BA:
et gsio] iz A

)
33)
=4
i=]
B

oﬁﬂ
2

iih
ol

Fao] : BN, BAWNAY, F5E, AEE, B2

Abstract - This study reports the formation characteristics of tar, ash and clinker due to a wood pellet grade
and the performance analysis of wood pellet boiler in terms of the moisture contents change of the wood pellet.
Tar was accumulated on the heating surface according to combustion of wood pellet, the ash was yielded on
the floor of combustion chamber in a wood pellet boiler and the clinker was solidified at the burner due to
combustion of the 3rd grade wood pellet. Especially, the moisture contents is important factor to define the
grade. Wood of logging residues has a non-uniform moisture contents after the field process, yields of tar, ash
and clinker are increased in case of combustion due to the high ash contents. For these reasons, emission of
harmful compounds in the exhaust gas, decrease of boiler efficiency and the system operating errors are observed.
In the performance analysis of wood pellet boiler in terms of the moisture contents change of the 1st grade
wood pellet, the boiler efficiency was reduced by 27.08% with 6.6% moisture contents increase. The optimum
moisture contents of wood pellet is needed to improve the boiler performance and efficiency.
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Fig. 1. Flue gas flow in wood pellet boiler
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Fig. 2. Schematic of two types of the baffle
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Table 1. Quality standards of wood pellet (Korea Forest
Institute, 2013)

Characteri . 1st 2nd 3rd 4th
stics Unit grade grade grade grade
Diameter mm 6-8 6-8 6-8 6-20
Length mm <32 <32 <32 <32
Apparent | s | 2640 | =600 | =550 | =500
density
1:{)‘2:;2: % <10 | <10 | <15 | <I5
Ash % =0.7 <15 <3.0 <6.0
Fines % <1.0 <1.0 <2.0 <2.0
Durability % =97.5 =97.5 =95 =95
Heating keal’kg | 24,300 | 24,300 | =4,040 | =4,040
value
Sulfur % <0.05 | <0.05 | <0.05 | <0.05
Chlorine % <0.05 <0.05 <0.05 <0.05
Nitrogen % <0.3 <0.5 <0.7 <1.0
Arsenic mg/kg <1.0 <1.0 <1.0 <1.0
Cadmium | mgkg <0.5 =0.5 <0.5 =0.5
Chrome mg/kg <10 <10 <10 <10
Copper mg/kg <10 <10 <10 <10
Lead mg/kg <10 <10 <10 <10
Mercury mg/kg | =0.05 | <0.05 | =<0.05 | =<0.05
Nickel mg/kg <10 <10 <10 <10
Zinc mg/kg | <100 <100 <100 <100
Additives % <2.0 <2.0 <2.0 <2.0

AR e Y] B2 A Ade] A8 159
LEAAEL oF 80%2] Y-S (larch), °F 20%2] it
Toak) 2 TAL, 355 FAZRLE F 100%2)
2]7|thRigida) YR 7= HERAT

B H o] AGH ElE(tar) Aol mE
15 93l B2 S Ak A28 F 2Hs A
733A%E & s Slg= 703]9] 2oR
gE|lor, WHurE AxE 1T, ezt AxE 9
, S1d A o] A W o, 59
Ao HH(17.5 mmx17.5 mmx3
mm)©| ZFz}F ¥iebd 715 370 mm, 340 mm, 370 mm,
290 mm 3zo]ol] AH A o3 F-2E AT A
7} dgde] 2k de] AR Fig 33 2tk

AR Agd 4] B Ef=ol i3t
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1o J
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Fig. 3. Iron plate sticking on the heating surface of
the combustion chamber
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@ GC Column : HP-5 (30x0.25mm, 0.25m)

@ Column flow rate : 1.0 mL/min, He

@ Inlet

P Injection: SPME (SPME fiber: CAR/PDMS 75m)
> Absorption: 60°C, 20min

> Desorption: 250C, 2min

» Mode : Splitless

» Temperture : 280 C

@® Oven : 50C(0min)-10C/min-280C(10min)

@ Detector

» Mode : MSD

» Ion source : EI, 70 eV
» lon source temperature :
» Scan range : 50~800 m/z
P Solvent delay time : 0 min

280C

Table 3. Tar formation characteristics on each heating
surface (1st grade wood pellet)

Mean Mean Mean
. . . Total
Weight Weight Weight
Measured . . Ash
. per Unit per Unit per .
Position . . Yields
Area Time Operation @
: s s g
(g/m) (g/m*h) | (g/mNo.)
Inlet 25.99 0.95 0.37
Opposite
of Inlet 90.75 3.32 1.30
Side Inlet 39.61 1.45 0.57 756.89
Opposite
of Side 37.84 1.38 0.54
Inlet
o} o], Byt AAH Y- whiwel] e=7}

7Fg ol AAEE RS o 2HE FYEe 37
of o3 s}l W AATtT) - whiHe] HEE A,
o 918 = ol A0 B, 59, 3
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cfo] wgslel, e=e] el 217t 9075 gt
79.88 g/m’ ©.% 717k Wol WAlE Ao yhekgh
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Table 4. Tar formation characteristics on each heating
surface (3rd grade wood pellet)

54 24 % G sl mE B

weghe | Wege | Nom | Tow
Measured 8 . 8 | Weight per Ash
.. per Unit | per Unit . .
Position ' Operation Yields
Area Time (&/n'"No) ®
; . “No.
@/m) | @/r="h)
Inlet 36.66 1.34 0.52
Opposite
of Inlet 79.88 2.93 1.14
Side Inlet 27.94 1.02 0.40 3303.25
Opposite
of Side 42.03 1.54 0.60
Inlet

SR s A 217

Table 5. Clinker characteristics

clinkerl clinker2 | clinker3 | clinker4

@ §8
form .

Formation
time 20 45 105 195
(min)
Weight
8
Size
(mm3)

78.54 97.50 112.14 | 108.94

326,399 | 359,893 | 573,237 | 345,807

Fig. 4. Tars on the heating surface
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Fig. 5. Tars on the heating surface
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Fig. 6. Analysis results of tar component at 5.062min.

Table 6. Performance analysis in terms of moisture contents
of the 1st grade wood pellet

Moisture content
Boiler 7.8% 14.4%
Output
Mean Temp. of water inlet (C) | 45.71 49.93
Mean Temp. of water outlet (‘C) | 70.12 69.92
Temp. difference (C) 24.41 19.99
Boiler efficiency (%) 93.65 66.57
Reduction rate of efficiency
- 27.08
(%op)

Octamethyl-©]™, CAS numberi= 00556-67-29]1L,
match quality:= 982 3F B2 AS=r} vf§- =
Al YRt AES gR1g = 2tk o]ell, match quality
90°1Fe]  FE  yvehlle  AEs Aved
C8H2404Si4(CAS No. 000556-67-2), C10H3005Si5
(CAS No. 000541-02-6), C12H3606Si6(CAS No.
000540-97), C14H2002 (CAS No. 000719-22-2),
C14H4207Si7 (CAS No. 000107-50-6) S°] A%
Ao = UEpsth

144%= 85 ¥, HeTXKS B 6205,

OllL4X|5sr HM233 3= 2014

Fig. 7. Analysis results of tar componentat 5.423min.

KATS, KOREA, 2008)S A7 §-3} o)idolA A4t
JHl(steady state)S A 2A17F o]ifo & S, Zbzh

=Sl 7 A¥= Table 637} T}

159 ZAAEo] 3<580] 6.6% 271819 ),
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Al 2 AR W ] o) ARG B 7
2 Qe TaFgo] FaFel, W o] 27.08%
g Aoz ek

LA

5.4 &

2 AeAE EAEES o]gsle] SRy
2 AGW A B, v A, Wy 29879 A4
54 4 2 B AR il gaE st
w2 KB A -8 (boiler efficiency)S W]l #2313 Tk

SIS Sl the Rl A9
el 9 wleel Ale] A SAlel B 2ajeld, v
W7} ARIE g delelel Bt A1 el A
£ AL snene fgus 0 28 s o
ATk 9 ) A, olo] Sle) B

OIH r
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