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ABSTRACT Wood pellets are ‘carbon natural’ fuels that contribute to greenhouse gas reduction regulation. On the other hand, the tar,
generated from woody biomass combustion, condenses and accumulates in the combustion chamber resulting in a reduction of heat
transfer on the surface where heat exchange takes place, which decreases the thermal efficiency and equipment life span. To solve
these problems, an additive acting as a catalyst for a reforming reaction was mixed with the pellets to reduce tar formation in
combustion. For the experiment, 2% of dolomite, 2% of limestone and 1% mixture of dolomite and limestone were added as catalysts
to the wood pellets. The experiments were conducted in the same external environment and a comparison of the thermal efficiency and
reduction of tar of boiler containing the solid additive was carried out. As a result, the thermal efficiency of the additive pellets was
increased by 1.09% and 0.36% for dolomite 2%, limestone 1% and dolomite 1%, respectively, compared to conventional wood
pellets, and decreased by 0.46 for 2% lime stone. Although the thermal efficiency of the dolomite 2% additive pellets was the highest,
pellets with 1% dolomite and 1% limestone produced the best result.

Key words Wood pellet boiler(Z2] 2 31 12 A 2]), Wood pellet(EZ-A} 2 1), Dolomite(2-2-4]), Lime(4] 3] A1), Mixed pellet(Z g+
H =), Tar(EH =)

1) Master, Cheorwon Plasma Research Institute Nomenclature
2) Doctoral Student, Department of Biosystems Engineering, College

. 1 V)
of Agriculture and Life Sciences, Kangwon National University n,  : Thermal efficiency, %
3) Master’s Degree Student, Department of Biosystems Engineering, @, :Total heat output, W
College of Agriculture and Life Sciences, Kangwon National

. : Total heat input, W
University Q@ otal heat mput,

4) Postdoctoral Researcher, Green Materials & Processes R&D H,  : Low calorific value, kcal/kg

Group, Korea Institute of Industrial Technology G, : Fuel consumption, kg/h
3) Master, Samwon E&B Co., Ltd. C, ., : Specific heat of water, kcal/kg-K
6) Professor, Department of Biosystems Engineering, College of

Agriculture and Life Sciences, Kangwon National University T, ; : Inlet temperature, K
*Corresponding author: dackim@kangwon.ac.kr 7, , : outlet temperature, K

Tel: +82-33-250-6490 Fax: +82-33-259-5560

Copyright (©)2019 by the New & Renewable Energy
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.7849/ksnre.2019.6.15.2.001&domain=http://journalksnre.com/&uri_scheme=http:&cm_version=v1.5

ZN - 0571 HOIN - HINE - O - ZakE - 0[N - LBIE
1. M2
L] [ ==

A AlAIH 02 2| extslo] whE o|47] 5o} 3%
R ARGE7I uhE S e BAPE Azt A 34l
VRS oA 3 4 Qs AR ol Aol Bado] S
ek, @A S-elutaks i |5a o] giREg £:9l0] 2

A XA QLo sx¢lolrt 2017d 715 94, 7%
VeI ietY, o] st ) ofuiAl4lede] of 23 4%
o SfFstn, oS shdstaal S AHHOR T34
7} 7Fst | A Ato) AlFsitt, B2A vo] Qi of
YR 7]Ard A} AFlo] Aol 2o st HRalo g

0187158, B AR TLT} LA EA

Q= AR P oza Zgura girk, Sld A
oAIBFERATES. 99| 8 33%4F0] 1L
L nlo| QufjA AAto]| ARgE]o] “BkAZT(Carbon Neutral)'
g olgulm ok EAjmlzle] Aulzke 20094 18,22
tonol|4] 2014'd 1,940,103ton & o 106H] Z7}E|o] 4=
ol =7 ojEstar ek, i WA A A

3

JL

tﬂ-/U-] 5]
o] Sk Aj=

S
. 15,

T 54%= 7Y HY 9 HAFARERA], o|AIE =
7} o Aol oA u] AkgEo] AT Yef,
o]& o] &3l Art= @slo] AL AA A] Z8#(Clinker)

3! A(Ash) 7} o] 24y OPOJI 7P % Oqi/\li‘f”oﬂ o]

olof ehet 12t 5
WS Saele] A 17 2 aoﬂ et
%O]E} Myren C et al'®
J;} | $1ste] Et=

O

o
O
_,d
_cL
@]
[0}
S
—
D
o~
I\
~
flo
1=
Mo
1%
i)
1—_1\1
ot
1%
filo

o
oo I
ofs
K3
o
it
1o
2
N
K
o
an
N
‘A
2
4
:?_14_4’
ﬂ,J
ol
QL
8
£

Sagar Kafle et al, Blo %4,7]-74]-2— Al
B ol sl uf SoRAe) HLmAE SHIsl
ok,
2 ArollM= 7 FulA|}l WA (Dolomite, CaMg
(CO3)2t A3]4(Limestone, CaCOs)& E|A|=Z ]85}

=

Ol K|

oy

¥

oN
=l
el

of 7has} Al Al AZAAT F7IHD WG
A9 wiAle] BkE ) 519) Tl ete s Halele] g0
2 AR A0E, S0 5 UAAA o gie
OAISHES: STk, ojet 2ol uo] Qul st 15t A
RIS B S Al A voloul2 nP AR
FEES olv] 9 AT BsHo

B2 oTrojalis Wik Z&d ok 23 000Kcal/h & iﬁg ]
Qloll sfigshe 7Hd-8 AT H AT (K-23A ) |
3, g, Fig, )2 olgslgon], Fa zHTg Table 1
a1} g,

%Xﬂ%l%l E%_‘Ei(K 23A) 9] AL UF AT
d= Elﬂﬂo}o% sHAz= =7 E, A=

re
b
g:
I

o H

g
ol

°
m>~

Aol TF—— AR Aee 4 ol
o] Aartie= HiE
Fajsto] 79 vy
" pass ATH 2 So]] A2)|E HiE7 o
FE= viEEh

AASH= 752
(2™ pass, 3" pass)S

-l)* ﬂ.IlO oz

]_

oal] Hj7]7kse

J_

2t 3" pass 3}

el
A=A AT

SAY

<rEs #imy
(K-23A)

2

Fig. 1. Wood pellet boiler K—23A



Table 1. Specification of the pellet boiler

Divide Contents

Manufacturing KYUWONTECH Co,
company (Republic of Korea)

Manufacturing date

2012, 02, 05 (KSP20A1202002
(Manufacturing No,) o ( )

Type (Model, NO,) Hot water boiler (K—23A)

Purpose Heating and hot water

2 circuit way

Heating type
Combustion tube type

Regular Heating 19.7 kW
Heatin,
Outpu‘t:jr m}[:zzr 19.7 kW
Maximum | Heating 0.1 MPa
workin,
pressuri W}fiizr 0.1 MPa
Rated voltage 220V
Heat transfer area 3.1 m’
Capacity for irrigation 10 L
Fuel supplying type Drop to down
Fuel supplying device Screw
Combustion type Burner

Reverse Flame anti
Drop suit / Isolation damper

device
Ash removal type Manual
Power Flow | Pressure | Voltage
Fan P W | @i | kP2 | W)
Press| 60 300 37 220
Power Boiler 86 W
consumption | Burner 700 W
e
Heat transfer area
automatic cleaning Spring
device
Outlet_gas

|
|
|
{
—
Bottom—s |

3rd Pass

\ .

Fig. 2 .Flue gas flow and schematic of pellet boiler
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Fig. 3. Schematic of efficiency experiment device
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Thermal cracking reaction
pC,H, — C*+qC, H, +rH, )

Steam reforming reaction

C,H,+mH,0—nCO+(m+ 5

Dry reforming reaction

C,H, +m002—>2n00+(§)1{

Decomposition of Dolomite
CaMg(CO,),—

Decomposition of Limestone
CaCO;— CaO+ CO,
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Table 2. Specifications and quality standards for wood pellet in Korea (KFRI, 2009)

(Mg O— CaO)+2C0,

@)

3)

(4)

(®)

Table 22] &4

Properties Unit Gradei Grade?2 Grade3 Grade4
Diameter mm 6~8 6~8 6~8 6~8
Length mm <32 <32 <32 <32
Bulk Density kg/m’ =640 =600 =550 =500
Moisture content % <10 <10 <10 <10
Ash content % <07 <15 <3.0 <6.0
Fine component % (1.0 (1.0 (2.0 (2.0
Durability % =975 =975 =95 =95
Lower heating value kcal/kg =4,300 =4 300 =4,040 =4 040
(MJ/kg) (=18.0) (=18.0) (=16.9) (=16.9)
Sulfuration % <0.05 <0.05 <0.05 <0.05
Chlorine % <0.05 <0.05 <0.05 <0.05
Nitrogen % <0.3 <0.3 <0.3 <0.3
Other Additives % <2.0 <2.0 <2.0 2.0

Table 3. Physical characteristic of produced pellets

Pellets Control Experimental group
Yeoju Dolomite 2% Lime 2% Dolomite 1%
Characteristics Pellet Pellet Pellet Lime 1% Pellet
Moisture contents (%) 9.0 7.8 13.9 12.1
Ash Contents (%) 0.4 1.8 3.5 2.9
Higher heating value (kcal kg ') 4,782 4,730 4,850 4,730
Lower heating value (kcal kgfl) 4,404 4,360 4,444 4,334
Diameter (mm) 6 8 8 8
Length (mm) 16 23 23 25
Bulk Density (kg/m”) 667 640 590 540
Durability (%) 98.9 90.6 97 95.1
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(a) Wood pellet (b) Dolomite 2% (c) Lime 2% (d) Dolomite 1%, Lime 1%

Fig. 4. Wood pellet and catalyst mixed pellets

Table 4. Thermal performance in terms of additives mixing condition

1st experiment

. Control Experimental group
Variable - - -
Performance Non— Dolomite Lime Dolomite 1%
additives 2% 2% lime 1%
Inlet water (K) 317,53 310,27 317,59 316.83
Outlet water (K) 340,56 334.83 342,03 341,05
Temp, difference (K) 23.03 24 .56 24 .44 24.22
Thermal efficiency (%) 90.64 91.71 90.18 91.02
Absolute difference with control (%p) - 1.09 —0.46 0.38
2nd experiment
Inlet water (K) 314,60 313,73 318,06 315,85
Outlet water (K) 337.63 338.24 342,33 340,03
Temp, difference (K) 23.02 24 51 2497 24.18
Thermal efficiency (%) 90.61 91.52 89.55 90.87
Absolute difference with control (%p) - 0.91 -1.06 0.26
1st Boiler performance experiment 92.00%
70 91.50%
60 91.00%
=0 gQO 50%
., %0 :é
I . ..fneo 00%
20 ,5 89.50%
10 * 89.00%
0 88.50%
0 1 2 3
Time(hr) 88.00% :
Control pellet Dol 2% Lime 2% Dol 1%, Lime 1%
—Exchangerinlet ——Boiler outlet Boiler inlet Exchanger outlet m Ist experiment M 2nd experiment
2nd Boiler performance experiment Fig. 6. The thermal efficiency of boiler measured on each
70 sample pellet
60
50
L 2% H7HASLE 89 55%, WA 19 W A3 19 W7k
") - = =
o 512 90,8792 WA 29 H7HH0] /1% BB
10 t}0.91% w2 712 &SIt Table 4, Fig. 6).
¢ 0 1 2 3
Time(hr)
—Exchangerinlet —Boiler outlet Boiler inlet Exchanger outlet 3_2 El'g éxo-l

Fig. 5. Inlet and outlet water temperatures from the boiler
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Table 5. Tar measurement results

bl M2l 0lgst B WBARO| EI2 Yot HES B

1st experiment
. Control Experimental group
Variable - - -
Performance Non— Dolomite Lime Dolomite 1%
additives 2% 2% lime 1%
Weight (g/ ch) 0.029 0.027 0.022 0.012
Weight, difference (g/cmz) - 0.002 0.007 0.017
Absolute difference with Control (%p) - 6.9 241 58.4
2nd experiment
. Control Experimental group
Variable - - -
Performance Non— Dolomite Lime Dolomite 1%
additives 2% 2% lime 1%
Weight (g/ cm2) 0,034 0,031 0,025 0,023
Weight, difference (g/cmz) - 0.003 0.009 0.011
Absolute difference with Control (%p) - 8.8 26.4 32.3
A 23l 6] 0.002g/cm’, 4214 2% H71E8l0] 0,007 Hol A3|Ae & aaks Hoj52] i1 siGit). webA da
glem’ ZraEgom, Wed 19 W A3l 19 WHESl 83 ElELATS FAHOR T3t A Wed 19 Y A
0] 0.017g/cm’ H2¥lo] 3714 W71 Wl 5 7P B 514 19 A7bslo] 7P $& A0 BlEg,
o) 27t gaugdet 23 Y B2 24 A wes Te WAL S A5 WS Ashirg 5
2% H7FElo] Z1EBAASL oyl 0.003g/em’, Y A7 271891 Ash e Tefet Wsle] Sepo] Wolx)
2% 7FH510] 0,009g/cm’ FAEQlon, Mo 19 U U 2l ofst epdriE s mefgichd S5
314 19 FH715l0] 0,01lg/em” Fajo] 3744 A7 & Al A Slehe HA) kg Ao wekE we)
Al F 7P B2 0] B=7F A4AE Itk Table 4), A @A HHA AL Qs AgHie] euje]] A
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