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Certified Standard by Performance Evaluation for PM Reduction
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ABSTRACT

The wood pellet industry for heating system has been a popular choice as an alternative to oil. Overseas research on firewood
boilers is being steadily conducted, mainly in Europe. But locally, there is a need for further research and development for
boilers using wood fuel (firewood) for setting environmental standards. In our study, a 30 kW class firewood boiler was
developed and performance evaluation (combustion, environmental performance) was conducted. In addition, we designed an
environmental certification standard (draft) suitable for the domestic situation by a standardized survey similar to those of
domestic and foreign firewood boilers. After analyzing the combustion characteristics of firewood boilers, we have completed
the design optimization of controlling more than 50% of the primary air damper and controlling the pyrolysis of heat in
secondary air. As a result of analyzing the combustion characteristics for each fuel grade, it was confirmed that there was no
significant difference from the EN303-5 quality standard, and the performance difference according to the fuel quality grade
was not significant. Subsequently, after evaluating the heating performance, the heating output was 32.3 kW and the heating
efficiency was 87.9%. After the environmental evaluation of the second prototype, it was confirmed that the CO concentration
was very stable. PM less than 0.5 pm emission in total suspended particles(TSP) gave the highest contribution. Overall, the
environmental certification standards for domestic firewood boilers were designed to be under 600 mg/m® for CO, under 150
mg/m’® for NOx, and under 60 mg/m’ for PM.

1. M B o3t EA RS &gl ARt AF VENES &

of HAEE H77= 2 7EEE wolal e, o]

24 59 HioleuAs AEe SHARY HI A, WS @& AE Rg dolE S Aol Bl Qe Aol

e 28l Qlal fu7t AA duz2Ae 7S Sdgt o ggu v B EH) RS o] fet 2y Rl 1

Tl ﬁ?& *3%‘7]"_3:5 %JE@H A= O%é_‘% {i AOIEO?EF:- 8T Hd SHolA agAo] HolA AFEoe] mi
Yol = 315 i O 1 H = _ _ _

sl :XE% 7%%74;] ?jgi Z](Pii% - i%ﬂuj%:;% O wlshY 2 Abg 7% B - ARE AR M%Muor;

o
et W 39 B0 S BANE
2ot Bahsh 7158 BAI) AgEH Fg RO
S oglon, slmuE WA ne el Wy o

AreA, Fel BABHE) ALEHT BAHE
sl that e WAt

B )
) ol
5 O
lo

re,

3

T

il

)

)

)

73]

N

P

o, o ooty Ok p
ofr

2
1B
&
ker
39
%

* A7 SAE Y 7 |eR R SAESYY|sAE (Hydrogen Water Convergence Technology Center, Korea Testing
Laboratory)

o FdEl 2 (Kyuwon Tech)

T WAIA AL E-mail : kjongro@ktl re kr

2022 SRR MIIHE S SHE =S 2E =2, 2022E 118 302~122 24, HIF AISEC
The KSFM Journal of Fluid Machinery: Vol. 26, No. 1, February 2023, pp.40~49(Received 05 Nov. 2022; revised 21 Nov. 2022; accepted for publication 21 Nov. 2022)
40 SRSV IHEE =28 M26H, 1S, pp.40~49, 2023(=2& Uk 2022.11.05, =24 LUK 2022.11.21, AANSAZURE: 2022.11.21)



8

M
rio

OJMHX| H&2 {et 3o0kwg

tol

r

. 20009 =FE et Ha
AE717](EREE L 9 osdsR)
= TH2E FHolA A 72 =+

= P EA, A2 & AR ARgStal ASEY I
Z o) E_

H| A7rs BHos E|ojgtet,
E3| 27 EAA Sgo] da OqE«l AR ZH
O & Qlaf| AHR} =871 F7Fsto] mid Sk oA B QL

& 7KL 5 27k BAE71)0) ek AR
HAFS B ABHAY U ABURAGe] FHH §
gick. T, olefst Aol Brskn AAA
S B AR, PN, BENE S ob
ufeige] 9lA ge RO Wlvle] FYuE BApe)
B2 TEAG Jle dREA o)9) di, Fol

5 7k B 5) gl uteh wg7)79) S 2 F
Fo) Abmrk 28| Sk glow, oldl et #4) 2
277t A&HoR AHT k. §3) B E 3
o) el A= 9] 2 AF] dhat AL A glon, A
o UL U S Fol AgAE, ok Alefe] ohsh &
At ot FUATE o uEE Aol

Eg 0|3 FRES AGE W17eAE B &
e ulAEA o] TS ot BARAE FES A
531 gle}, ol @A Bel AlztAITel Sl B 7le] &
Hollw BT HolzelHt TEEAG AR HFOR
U G, G, G e EAe) W 5

RRA @ ) A=A

o

9 grelel] AT 7 A
Zl,ffj BERAANRE B B S 2 0
FAHE S5 Qlok, Wl B o= 19999 1

o= T

AAne A]-ﬁ-o]-»—ﬁ'_ J&jof| Tjgt EN 303—5 H&S AH

(Class 1~2)3F9oH, &A 7|a/ld £=Z 3o ot
Class 5717] A=) §4F Bagt2E A4o] Bz

o] e} 9jet Zro] EA F] 7] 7] AN G
oAz o] 9 A% &Y= Al whel S 7
S/} Hgo] o] Fo XAl Qirk, A E #E o] o= Hf
oleddrw A it MgHuta/oaepl 7E(5Y
Blue—Angel, 294, AH= 5 E59 67] =7} Nordic
Swan Eco—label &) 5& 53l ¥FH4H} 438 23g

7 AS7IES HER npdste] ] LS FFAI7I7] 9
oH =gskal ‘214“ o,

=] A, 20179 el |q A7) 7|4t K Z- B ol A =7t
71EREYE Sl T0kW o]s) sHEE Aol gt ThAE
= (SPS—B—KEAA0023—7211)“%L M=) HE8] 5o
i3t e g3 e At Bde &8, 2=, CO,

NOx, OGC, xmovw oﬂ i3t 7|2S AASEL Tt
A A57)RS TRAAET(10%) 014 CO 1.5%(15,000

ppm) ©]3}, WA ¥ OGC 150 mg/m? o|dto|n], 1 72

s=ERHMDIHSE =28 M262, 15, 2023

EETELIREEH

ng
o
ox
ro
ol
N
Gy
x
=

9 EN303-59] QIF71& & 7MY ¥ Class 1~2 £590]
o}, ol=et #& Zﬂzé"ﬂE 5k ol s] BAET1 7]

of AA| Hg/HEEL e Al
FohL Q= Zlo] Ao, SR
Jfste] 722t Fsh] HA 4

o] = UPJ—O}Z]
A4S 1 |7 UFE R
“efjolct,
olof & A-FollA= uNHA] WA T AT} oH
AR e SRR A 1 3}
SRS Bl dLaso]
& &g vAHA 2 CO
EHERdH)E 7Ht"f}°dr+ E3 X
Hes BdE 5 % J5H7ke} 2
om, =EFH AFEZA
‘-—H”H A o] dh= % A571eeks AAIstaAt skelt.

)
ox JN
T Lo
S

r \
o T
N

ot
21X

J;_
o
H
=
to
riot
o,
N
N
Mr r
tlo o
mm
=
hu

N
re
41
0
i
e
0z
i3

Jo
s}
=}
AN
=
2

EN303-5"7} ) chr| o] A3
2 AFL =38l AR A
ﬂ%ﬁc"ﬂv} AR 21 et =
Hd# o] & AHA
TS AlA R gelshal i A

Z7E 500 mm, 9F 40 kg)E

H1 2t o
I e =
o <
fo » =
N ]
o >~
dor r_%
N O
n u?i

it

il
A A= (

i

Fig. 1 The picture of combustion into wood fuels by wood
boiler

Table 1 Properties of wood fuel

Raw basis Dry basis
Contents Unit values Contents Unit values
Moisture 27.2 C 533
Volatile matter 60.4 H 5.7
wt%
Ash 1.3 (e} 38.96
wt%
Fixed Carbon 11.1 N 0.2
GCV 3,546 S 0.03
keal/kg
NCV 3,172 Ash 1.8
GCV : Gross calorific value
NCV : Net calorific value
41
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Table 2 Specification of 1! and 2™ prototype wood boiler

Classification

* prototype 2" prototype

Picture
Size 640 x 1400 x 1315 625 x 1290 x 1485
Combustion 042m x 0.60 m x 042 m x 0.56 m x
chamber volume 0.6 Om =0.153 m’ 0.67 m =0.158 m’
Capacity of 213 L 253 L
watering
Heating surface 3.68 m 2.93 m’

Manual Damper
and ignition

Automatic Damper and

Utili L
iy ignition

H(m) 1,68 2835t AAhF7I, Aartadg, o2
71%H(Ao, Sm’/kg), HALTIATHGw, Sm’/kg)S AXE
2 &gstglon, Ao ARAREF(kg/hr)ol 5ALTL
< FJsto] A Hd #iE 7EAEHQS AYskeT
# A4 342 B3 (m?) 3 F BF(keal/h)of 24X
HAE o] W2 dESKkeal/m” - h)E
A A (m*) T A DE5Hkeal /m? - h) e AESIe
o H-8-& Teste] HF AlEAA | wrgstsict,
Hole H4EY AR viErl= 22 STS 3049
SUSAIAS ARgste] A4S FEsigon, wiEr|s
opend Fan, ARAY 100 W, v|&5+327] 150 mm, =% 5
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Fig. 3 Picture of flame by controlling air damper (a) 1 air
damper close, (b) 1% air damper 50% open (c) 1% air
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Table 3 Results of combustion characteristics by wood fuel

=

ook

% .

grade
1 ‘ o ‘ 3 ‘ 40 ‘ 5
Contents
A1(500 mm)
Fuel consumption
948 | 867 | 1058 | 815 | 867
(kg/h)
Heating output | s o1 | 53003 | 25765 | 26825 | 24.645
(kcal/h)

0, 974 | 897 | 937 | 1153 | 11.08
o, s | el | 120 | 109 | 1069
co 7344 | 2494 | 4487 | 26714 | 20289

m
Nox | PP (10189 | 10358 | 9011 | 7291 | 8671
Temperature(C) | 11441 | 11871 | 12026 | 120.83 | 126.25
o [ 7 gt [ o | 10
Contents
A1(500 mm) A2(300 mm)
Fuel consumption
856 | 906 | 88 | 886 | 793
(kg/h)
Heating output | 527 | 95279 | 23657 | 24382 | 23.429
(kcal/h)

0, 919 | 1008 | 918 | 88 | 11.53
CO; "l s | e | 143 | 1170 | 1090
co 12523 | 12242 | 2534 | 4237 | 26714

m
Nox | PP 0555 | 10225 | 10468 | 10949 | 7291
Temperature(‘C) | 134.54 | 12621 | 12571 | 123.60 | 119.83

500 mm A1

300 mm A2

29,000
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Fig. 4 Result of (a) heating output (b) concentration of

major air pollutants by wood fuel grade
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Table 4 Specification of testing device

Classification Particle Gas
Grimm
Model 11-D(Germany) MK 9000(Germany)
PMio, PM, s,
Pollutants PM,, TSP 0,, CO, CO,, NO, NO,, NOx
0O, 1 0~25%(0.01%)
Range 0253-35.13 ym | CO + 0-20:000 ppm (1 ppm)
and resolution 0-100 mg/m’ NO - 0-5,000 ppm (0.1 ppm)
NO, : 0-1,000 ppm (0.1 ppm)
NOx : 0-6,000 ppm (0.1 ppm)
Time resolution 6s 10s
CO : NDIR
(Non-Dispersive Infrared)
Sensor Light scattering 0O, : EC(ElectroChemical)
NO/NO,/NOx : CLD
(Chemiluminescence Detection)

Table 5 Result of average concentration for air pollutants
by O, standard concentration

) 1% Average concentration
Polﬁl‘;ms Raw |12% 0] Raw [10% 0;]12% 0;]13% o,
ppm mg/Sm®
co 418.0 | 359.0 | 522.5 | 5485 | 4488 | 3989
NO 101.1 86.9 1355 | 1422 | 1163 | 1034
NO, 1.0 0.9 2.1 22 1.8 1.6
NOx 102.2 87.8 137.6 | 1444 | 1182 | 105.0
0:(%) 10.52
. 2" Average concentration
Polﬁl';ms Raw [12% ;| Raw [10% 0,]12% 0,]13% O,
ppm mg/Sm’
co 459.6 | 359.9 | 5745 | 5499 | 4499 | 399.9
NO 110.6 86.6 148.1 141.7 | 116.0 | 103.1
NO, 1.1 0.9 2.3 22 1.8 1.6
NOx 1117 87.5 1504 | 1440 | 117.8 | 1047
0:(%) 9.51
) Average concentration for absorption methods
Poli?xlt:mts Raw | 0, | 10%0, | 2%0, | 3% 0
mg/Sm’
PM;o 33.8 10.1 28.0 27.8 24.7
PM,5 329 9.29 34.0 253 22.5

Wy B34 Bhan, ey eduae Iy
REFAY Szl wshE A5 e S wglow,
17 AAE) Q12418 et I A COBRE A vio}

o), NOxs Tl fARE $E0E HEHE 2 25t
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Fig. 6 Result of comparison of national standards and
measurement data in this study(PM in this research is
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Table 6 Standardization of wood boiler at each country

CO | OGC |NOx | PM | f.
Contents Note
mg/m’ (%)
Germany | Wood Stove | 500 70 | 180 | 15 - | 13% O,
Blue | Wood pellet
Angel boiler 80 5 150 | 20 - -
Env1‘ronm‘ent 250 7 150 | 20 |OVer i
certification 79
EU S
€0 CeSIEN 1500 | 30 | 200 | 20 | - -
certification
79-
Eco-label 375 45 | 180 | 45 -
Austria 89
General 1100 | 80 | 150 | 60 - | 13% O,
Nordic Bio solid
. 350 15 | 200 | 40 - | 109
Swan fuel boiler % 0:
Nordic
Swan | Wood Stove | 1250 | 100 - 50 - -
Ecolabel
Swiss 800 - - 50 - | 13% O,
Croatia 1000 - - - - 11% O,
Denmark 700 30 - 60 - | 10% O,
EN303-5
- - 0,
(Manual boiler) 700 30 60 10% O,
SPS-KEAA
_ 0,
111 18750 | 150 | 300 | 150 10% O,
Korea Thi - P
is researc -
600 - 150 | 60 129
standard 85 % 0:
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