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U= 2| Pad 0% *400KW 2 0] E4 23 * NOx £ & : 100 ppm 0|8}
HE2]: HE B £30% HEUUE * O] 4| 7] : 40mg/Nm3
CETE, SUMLE EAE 0%
<aF 2. 400KIE PEH-SHERME E2EUY 2>
1.94088 4 7|8
- Bolef Aag 874 oAl KoL 7|F)
- R R HE 53 tHS(£30% HS)
dsefd & | 2. o712 Mz 71=(NOX, olMIEX])
400KW2 o[A+ | AbF EHE | - NOx 100ppm OISt, PM 40 mg/Nm3 0|5t
His F=d-sd 3. SHF- SYRME ELS 50504
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KS B 8901
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.24 2oy HAE fS vfEIIAF AM(SA, HAHX] s ST M4FH)

1) HaEAHS 0|8 HE T2 ( Q) LHE

T = C H 0 N S ASH g8
S E 49.8 6.1 42.67 0.3 0.02 1.1 26.8
*HE S7[H[(m)  1.6= HIO|RO A9 H2 S7|H|E = FAIZ

(2) °4A+7| 9 ALTIATY ME

7t OI8 ALSTIIZ(4, S mP/kg) LT

A, = [1.867C+ 5.6(H— 0/8) +0.75]/0.21
= [1.867 < 0.498 + 5.6(0.061 —0.4267/8) + 0.0002 < 0.7] / 0.21 = 4.635m>/kg

Gy = (m—0.21)4, + 1.867C+ 11.2H+ 0.75+ 0.8N + 1.244 W

= (1.6—0.21) x4.63+ 1.867 < 0.498 + 11.2 < 0.061
+0.7<0.0002 4+ 0.8 < 0.002 +1.244 < 0.268

=8.38.5m%/ kg

(1) S Zo] MALAZH(HL) : 3,080 keal/kg(= 12.895M.7/ kg)

(2) ALST|E R ALTEAY ME

7}. O|8 Haz7 Eé'l:(Ao;Sm?’/kg) NS

A, =101 X HL/1000 + 0.5 = 1.01 < 3,080/1000 + 0.5 = 3.6108

o

Lt SHTIAZ( 6y 5m kg) A

-, 0|2 ZHXIIA™(G);9m%/kg)
" =0.89 X HL/1000 + 1.65 = 0.89 < 3,080/1000 + 1.65 = 4.39
- MM EANTIAZ( Gy SmPkg) M

Gy =G + (m—1) x4, =439+ (1.6—1) x3.6108 = 6.556.5m"/kg

N

lI|

~
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woolatmb ol 274X wHo R E|0f sjEold JHAEE MEE

— o= - — = }'

5

o A0 Belz Ol VIELE FollAlMdel o uiE
=2

o

- AlZbE EOf wjE7FAZHQ) AMH
HiZ}A 2% 0 200C = FuwEy| EF(FE WXAL MG 25 7|
200kWth = 200 * 860 =172,000kcal /h

Z O AZAFZZH(W) :© 172,000kcal / ( 3080ckcal /kg* 0.87) = 64.2kg/hr

Q= FAXTI=ZF (G, Sm’/hr) x HONASAFE=F (W, kg/hr)
= 8.388m%/kg < 64.2kg/hr

=537.996 Sm?/hr = 8.97.Sm>/min = 15.5m?/min (at 200°C )

3) MAEAHE Ol HIE THAE(Q,) MF
(1) A= HAmexe] 2 42 =4 R S7|H|
T2 C H 0 N S ASH | B8
EH A | B K| 3.2 | 5.2 | 56.01 | 26 | 0.21 | 14.8 | 17.0

Mg 3708[(m) : 1.6= HO|UfA A7l A2 ST|H|E =/ A

iz

(2) °4A+7| 29 ALTIATY ME

7t OI8 ALSTIIZ(4, S mP/kg) LT

A, = [1.867C+ 5.6(H— 0/8) +0.75]/0.21
= [1.867 x0.382 + 5.6(0.052 — 0.5601/8) + 0.7 < 0.0021] / 0.21 = 2.925m*/kg

Lt S92 ( 6y

Gy = (m—0.21)4, + 1.867C+ 11.2H+ 0.7+ 0.8N + 1.244 W

= (1.6—0.21) % 2.92+1.867 x<0.382 + 11.2 < 0.052
+0.7<0.0021 +0.8 < 0.026 +1.244 %< 0.17
=5.59.5m>/kg

(1) HAHEIX[e] MALHZF(HL) : 2,664 kcal/kg(= 11.15MJ/kg)

*HE S7I8l(m) 1.6



(2) AES7|F H AXIATY ME

—

7t. Ol AEZBIIH(4,:9m% kg) A

A, = 1.01 X HL/1000 + 0.5 = 1.01 X 2,664/1000 + 0.5 = 3.19

Lt SHRIIA—( Gy 9m /hg) ME

-. 0|2 EANIIARK(G) ;1 5m* kg)
Gy = 0.89 X HL/1000 + 1.65 = 0.89 > 2664/1000 + 1.65 = 4.02
- A EANTIA—R( Gy SmP kg) M
Gy = G+ (m—1) x4, =4.02+ (1.6—1) x3.19 =5.9345m"/kg
olatmt Zto| 274X WHe =2 ZOf diEo4& 7
oA JIARO| BosR 0|8 J|ESR YilAlMe
chel (Q, = 5.934.9m"/kg) 2 X &%
- A2t =[of i ETEAZFH(Q) A
HiZFA 2F @ 200C = LuEy| SF(FHE WUXAIM Mo 2% 7|
200kWth = 200 = 860 =172,000kcal/h
Z|Cf HARALRZH(W) :© 172,000kcal / ( 2,664ckcal/kgx 0.87) = 74.2kg/hr

M4

Q= FAXTI=F(Gyy, S’/ ) x HNASANEF (W, kg/hr)
=5.9345m"/ kg X 74.2 kg/hr
= 440.3 Sm?/hr = 7.33.5m®/min = 12.7m?/min (at 200°C)

2o, SAE D HABIXE 2460 400kWth &2 2 7|/ = 64.2 + 74.2 = 138.4kg/h 9 &
It ADE
| Z7AZ2  15.9 + 12.7 m®/min(at 200°C) = 28.6m?/min (at 200°C)

wats AAX= 30%eHM S 1245H01 40. m?/min(at 200°C )2 A AH &

2. Boiler 914 Mu| A&
1) X HWE ()
(1) &H=4XF 70 M& 95 x 375 /1,00,000 = 0.035625m2
(2) &31AXE (62 X5EH) = 0.03563 X6 X5 = 1.0689m2

2) AR HA AESHKeal/m - h)
(1) & L2F © 344,000 Kcal/h

(2) BN LR3l = SAHY / X} B

344,000 Kcal/h / 1.0689 m
321,826 Kcal/m* - h

[ > “m Z|& : 400,000Kcal/m* - h O|5t" - AFsH A

i
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rev | _reveioN vesorrion | oATA_|_owasy [peeroveo
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-NOTE-
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26 OIS HAK | SVSI7 m
7| _ammaAn_|swsi7 500495

HA(m)

MA : 0.856m x 1.818m x 1.072m = 1.668 m’

4) MHELESHKeal/m - h)

(1) 344,000 Kcal/h / 1.668m* = 206,235 Kcal/m

[ > 1m7|&E ~h ol5t ol22, dF5te Het

: 300,000Kcal /m’

a7 10 s

L AP

3. Boiler = & MA 2 MEAHE AHA
1) B2l ZEAH Ao 2|5l bbar 2 MAAE
2) MEH™ : HyE FM3ILD RJes B EEZ 2ol S

ko Zof|



ALTIATE HEFoI A2 2o MEsts HAES 2t
MEHxM 2 2y /o w o220 JHig2 ofeiet 25
2o BF S [kg/mhr]
LE Hey 20~40
A Hola 30~65
e 2oy 30~60
A 2z 15~20
FatE e (4) 25~60
ToEA (S, ) 50~150
600,000kcal /h & 40m22 11245101 18.46m22 71 Al Z2F ShA A ZFUHE = f[kg/m%] = 570.
3/18.46 = 30.87kg/mhr 2 7H2FZtoll H|sl oHM S Taistod MAH &t

2 MAE

DESIGN DATA

EXE)

400KW B2 ER#

e SET - HIANT
s A0y 150 ka/n
&2 344,000 kcal/h (400KW)
EEEE] 18.46 m?
@+8Y 1668 L
[ 200 x 400
ug e 80A
T 80A

ERTC]

A

Sag

32A

Ag eE

5 kaf/om?

e

5760 X 3385 X 4570

4065.1

4004.1

3424.1

3856

2065.4

Trev | reveion oesomrrion_| omra | owasr [remroveos)]

~NOTE-
e

1760.5

1216.2

&
]y o o
o o o [
=
495 755 755 495
— 1 1 1
- @
H ﬂ
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: o100 o E i
| HE |

3209.1

4058.1
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dBygEdyFT=HAMHA
£l At bl HeE2 = =1 ] KWB-1000  TYPE
0.4 MPa _
AT AE 2y s o W s
4 kg/em®
3 og 9 84.0 m? A (MY) SUY 344000  KCAL/H
] 3 AR Y E] Eff 2 f o F Zo| £y AFSH
s | $5400 o5y ® 982 L 2090 mm| t9
e £ $8400 4 3 ® 976 R 50 mm| t12
A AR] Z A Ak
4 g $8400 asd @ L mm t
L ) Ralay ] L mm t
]
R o @ ® H mm| ot
o1 2 STBHB40E (<) ® 76.2 12 8 t3.5
o 1A
~E|0]2H STBH340E () ® 76.2 6 & t5.0
o1 2 STBH340E (<) ®76.2 12 & t3.5
2 |2 A
AE|0]2H STBH340E () ®76.2 6 = t5.0
1= A g8 asg 95 % ==} V@ st e%olg
9| - -
2H0| EF Y 4 (%) s N N
DESIGN DATA 7| A $5400 / mm |t It /
o B dEdEy | ® ~mo | sTBHIE | @ 762 / © mm| ts 12
i
2 3 344000 kcal/h o oW ox 18.46 m? = oAg o ® —
2 g8 94 APALE DAL A 2019- 162 [ = 400 (mm)| & £ | mml,ﬁggw»[ mm
3
e = s FAAH R YES Ha 7Y | 125 x (mm) 1 = 2 (YRl
B o
Ao BR HOTWATER oSy A vV R 2% ol ° HAL 7Y 125 x (mm) 4 AN 52 mm
EEPET 04 MPa AL M A 20 % 4 mm
{ 4 kg/em®g
oF &f i alavealy o may |saz 5 7
A o= o o (O-z:AP’a; sdosas o5 % ohE W = FlazgAlY A dEy |53 50 1 1EA
g/cm”.g 3 EEER g & T
- P P EE R B P ERE A% 2EA
HIMNEE2E E B 1 mm
120.00 © ' " | a e |wey + 2 s o dotpial
- K
A8 2 = - 2 & 2| ASMESFA5.20 ET1T-1C o | zoer |mzw B = Fotnix|
SCLEEE oT0 MPe EEREEE] - MPe g Wy |5 % v o = il
( 7.0 kg/em®g kg/cm®.g
| s 372 |8 0w & ¥ o oy
2. X9 H= T 5. 9izte 24 5ix|
1. Code
1. Code
2. Part SHELL (Longitudinal Joint)
2. Part TUBE SHEET
3. Design Condition (Under Internal Pressure)
- o 3. Design Condition Fomular in terms of inside dimension
T =
5 A Sarsc]
2 % 4 8
WPa 0 04 g5
AT AL 2 P e 9 AL
kglent 3.5 35
D mm 982 199.9 HrYyel X5 d | mm ®77.0 ®
N/ 96 78
oa o} =
kglmi 9.8 8.1 mhetel EA t| mm 12
l 2 -1 - 5400 SPPS370E
p=(1 +25) x4q (1+22) %763 (1+22) %00
n| - 0.95 0.36 t 12 0
K @ (E2) |K[ - 0.4 0.4
olptol &4 2z B P | mm 104.9
& o o |afmm 1 1
of o] ALY pH 7 T p' 5.
) 5 035 x 982 w4 035 x 199.9 B 2ro| ALKl T HAN P | mm 105.0
20an - 2P(1 - k) @ 2x 960 x 095 - 2x 04x(1-04) 2x 780 x 036 - 2x 04x(1-04)
] 3 Pz P 105.0 > 104.9 =
Harah F2 tr| mm 2.89 2.26
*n=1 2 th| mm 2.79 1.45
T d F A t| mm 9 8.2
A% () = a2 - | mm 0.65 0.65
A HoF A || omm 8.35 7.55
4 M (£3) [tm] mm 8 8
=t 8.35 > 2.89 7.56 > 2.26
2 &
t=tm 9 >8 82 > 8
* BHolgage do|ud 8HOISA8 == UZa8F e Y2 A
0|20l gle SHEe| 2|4 SH 2 ZEe| T A& ZEol 28 (Rul7y FE2 )
<E3>
S| °f oI & =H|of &5 H| i
900 mm 0|3} 6 mm 8 mm (2E|0] FAE A)
900 ~ 1350 mm 8 mm
1350 ~ 1850 mm 10 mm
1850 mm 0l 4} 12 mm
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6.

&, 37| Alet

1) B{Z27| 40m3/min , 450Mmmagll &z o=z

_ Plmmag] X Q[m®/min]
k7] = 102 <60 <7

oFME 112{5t0d 5.6kW = 7.501 DI M T

power

= 40%450/(120%60+0.6) = 4.9kW

TE
ALEl
1.5 KW 5.6KW 0.75KW
AL2F Z2F : 11m3/min Z2F: 40m3/min 3.5m3/min
Z¢t: 250mmaq =2+ 450mmaq 2480mmagq

| % =
I I &
-1t '-I e = Fay
v |} 4‘; LI
A [ % At — [=eim]
{ . == ]} R LEE
B b1 B FoFL I 3 B -]
=1a ]
— D
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_ x 52 o 7w o e st o v o neuef e TR S S g g | OBSOT0
- N8 2 [220/380V 2P | & & VACUUM | 1300 nmAq SKIM
;" OUTPUT 8% | 0.85kW CIHP) PRESSURE 1400 mmAq ‘F KIJEON ll\EIE.ﬁD.
[ 501z 2820 MaxAirVolume | 34 m¥/min A
H | M e s Bearing No._|_6204/6203 Fan & Blower Rev +3“Z""297
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2 ) 1
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sEEHIT / AuWET| MH A A
Halel £33 = 400kW 22 Z 344,000kcal /h &
AtE 202 LAl R 344,000 / 20 = 17,200 |/h = 17.2m3/hr
OIF g D2{5l0] 25m3/hr ROl AN 1om BE M
2 2H=Z PIL -650 2B H=
A8ME 1. 5KW , F2F30m3/hr, A 9m, ZRIX|:65%65
25
PIL-65
n=1750rpm
a0 ———
——--.___'\
T ‘-—ﬁ »
% \45330
£ 10 ~ X
N
5 \ PiL-E505C
N N
PL-Gs0z8 | PIL-S5038
0
0 10 20 30 40 50 60
Flow Rate{m/h]
a5
3.0
T & PL-6505C
% 2,0 f'___..-/-“'"r
E:Z B — i Pi_-sﬁfé‘.b:l; PR —y
oo
0,5
0.0
0 10 20 30 40 50 60
Flow Rate[{m"/h]
- dwst7| : 700,000kcal/h E8|o|A meEAwEy| MAHE



2] FohMB[AL @ HE[FZT]

(1) 2k © 40m'/min

(2) &4 @ 2aly] FTIAIM
(3) ==& : MULTI CYCLONE
(4) DA : SPHC

2) AAHHM MEUE

(1) sd+4

- & : 520 mm(L) x 750 mm(W) x 1461 mm(H)
- = : 500 mm(L) x 500 mm(W) x 300 mm(H)
(2) UNIT CYCLONE #4

-2 0D ¢ 165.2mm (6 “) [ID ¢ 156 mm]
-U4=E 0D 114.3mm (4 )

- Z0[| : 840 mm

(3) FEEHHZE(A)

A= % X ( QElH2 - WEWZH2 )
- %} X (0.0243 - 0.0131 )

= 0.0088m2

(4) UNIT CYCLONE 1EAZE XMz|SZF (Q1)
Q1 =AXVXS ( m/min)

A : UNIT CYCLONES| #= TSHHZX (m') 0.0088
V : UNIT CYCLONES| ITFZ (m/sec) 15
0.0088 m* x 12 m/sec x 60 sec/min
7.96332 m*/min

(5) UNIT CYCLONES| ==Z¥(N) &H&
N=0Q + Qf

=70 w/min + 7.96332 m'/min

= 5.02303EA

HiE S Zetsto] 3 x 2 = 6 EAS MEetot. [AAE 12EA]

3) MULTI CYCLONES| =d&=4l(AP) ALt

30 x a x D*(1/2) Ra x Vi~2
AP =
D™2 x (L+H)"~(1/2) 29
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a UNIT CYCLONES| 2|7 chix 0.01127
D UNIT CYCLONES| IS5 =&H 0.1652 ® m
d UNIT CYCLONES| &3 = &H 0.1143 ® m
L+H UNIT CYCLONES| Z o] (=ol) 0.84 m
Ra 7| 7pAe LT 0.6926 kg/m'
g =i T 9.8 m/sec2
Vi SFS 15 m/sec

_30%0.0112x0.1652" (1/2)

0.6926 X 15" 2

APl
0.1143" % 2(0.84)" (1/2) 2Xx9.8
= 2.2956 x 7.9507
= 18.2521 mmAqg
* MULT! CYCLON gfzd& Al 18.2522 mmAq
*MULTI CYCLON &, &7 & ¥ Sa&4 50 mmAg
* 7Bt & 0 mmAg
= A4H &M (AP) 68.25mmAq
Tev | _revison bescaPTion | oA | owaiey [weProveos]
[ 1 -
“355‘5 :)NSIFFA_C\TV : 40CMM
o dlg (ﬂz@) —

3282

2712.8

1787

250

649.5

e
g P
THin g
el i
T T o
&1\
\_/
500 —s00 1]
1 750 ) .

—

.'_
.'_

IS

10 |_AsHeox sAE

500250

500:500+300

REMARK

B |400KW 2amed

JUNG WS,
BYUN.J. K.

2E "ad|

ow | 2021.10. 06,
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4
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»
pa

1)0 W 7 7kA S Aot

Q=
Q HH%7F¢% (40m /min(AA 1D FAN =i Z2F))
A A EHHEA (A X Z:©0.500m)

= 0.667 m'/s

0.667 / 0.19625(3.14*0.35A2/4) =3.4 /s (V

¥ UHMo 2 E o Hj7|IIA SE= XAHAEEA HAZ oM 2~5n/s0| 7|HEZA! HUB{oA
= 3~10m/s2 StCt. (MITIAL SHA[ AR P 109%E )

# 3.4n/st 7|IHSEM2E ML 8IS

[ Rev | Revision DESCRIPTION | DATA | owa.8y [APPROVED.8y]
15935 _
[ye Fo] ~Hare-
|8l
A g —=> [
200
607
500
8
]
8
§ ]
g 491 p —] la—— =tolo) 2BBK
= S 1 WA-5USI04-6t
S 91 F/G SUSI04-6.0t HHH
o
H &
/— EA T SUS304-100A-3.0t
§ 5 a 8
| 5 Sl mewa
® L
I i
g B 8 Nl
3l
2
ol — g
H
] ] g
8 -
el 258 A%
g MWAapE—T 17 | | el o [wew] e fon] e
Ll A& SUS304-6.0t M 400KW BAEI
, ] I ( B
e 2021. 10. 06.
| kvuwonTech . LTDI& DRTEINC. -

2) THiZ AfOl= 74|M
Ha N2 HH*FOHH =2 2.0m/sO|LH 23510 1.5m/s2 AT
400kW 2| F2F 25m3/hr &= ZHotsto A2 80mm O|AF =|0{of o =2 FH| £t 80AZR A A
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10. HAHufX| =7 A H A HZXE

1) Al HEjx| &2 g5 dH

2015 LS A H M FEH M A1E

A& oA
= SErE[H )

2) Ai&o| HAHuX &3

LY== AR Fi=

T 1k} 2} i =2
A HEfX| (44 A A 65.0 67.9 66.4

= X2|=

80| =2 MS0| Hujxl= H=It =X 2

L AdxgAl= oA thA 2 2&EX7F Bot A

AZ=EAl FIH7ERI= 108i0]&k =obX|o{ 57t 20| Sti=tE

gE0l Y2 xzusA HufXl= ol X &&E4M0| Fol Bl stz X2t 7[&E2 HI|Lt
715 olHXIE tislsto A HHol ofF =3
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& H x|
Lot No. 211208
A : 2 1,005kg, 42 : 65.6%

U=7| - 1x} HAHX] A=

SANEUX|
=R 21.12.13
7| SETTING : SM2 3 06 A= 5/5, W= 25Hz, ID FAN 30Hz
=R Al 2 = =2 |H7|2=
12/13 | 11:00 |HAHX] £ 2tz 478 755
11:40 (AEARE ZHAZ(AR 5/5) 53 80.5
1330 |GEARE HAQR 6/5): 22L& 535, Hj7|2% 80= HA| 53.2 80.6
ID FAN 33Hz, XX 2| 2/180 H-&
14:40 |EH 1At Bt SIEAEE 9f 9 8kg(HE 7/5) 58.8 89.2
15:40 |53 2A|1Zt Bt Az A HEF 9 9.6kg(HE 7/5) 63.4 91.9
16:40 |£% 3A[ZH Fat A2 AR OF 11.2kg(H 2 8/5) 68.2 108
A £E7] 1, 2H CLOSE
1720 |82 70= &2H
1740 |53 4AZH Qo AR A= OF 10kg(B= 8/5) 70.1 103.5
18:40 |53 5A|17F Zat 733 103.3
20:20 |ID FAN 33Hz, XN 2| 5/240 X & 77.2 109.2
OfZtAZ | AR ZF 5/5(AZHE 9 7Tkg 22 0|4, ID FAN 33Hz
& 2| 5/300
12/14 830 (Y= g/5(AZHE 2F 10kg £ 8), ID FAN 33Hz
& 2| 5/240
950 |22F 90k =E W 5Z7| 1H OPEN 90 94
10:00 |SIE% 6/5, ID FAN 31Hz, MK 2| 5/300, & &£&7| 21 OPEN
10:30 |¥= = 5/5, ID FAN 30Hz, XA 2| 5/300, < £37| 1, 2 OPEN |F4| 925 846
11:00 |SI=& 5/5, ID FAN 33Hz, ;A 2| 5/300, &H £F7| 1, 2'H CLOSE 93.6 795
WS 30Hz, AZY R 2% 50 8K
1400 |92 6/5 AZYR2E 60 B 91.2 84.1
1440 | 5/5 AXUYER2E 66, AZHEM & 947 94.9
1500 |ZAZUERE 6355 98.3 933
15:40 |YET 4/5 HEUWE2E 7575 100 92
16:00 |G 4/5 HZYHLE 703% 99.2 87
17:00 |2 4/5 HZYHLT 862% 96.6 89
1720 |22 70k 0|4 7|& - 247 21, HEY LT 824 96.2 85
1730 |HAHX| EE - &8 65%
foto2 = XO|7f LiLL, B¢82 M3t CHEX| 3.
HABIX| CHA| £
19:30 |H{ HA®Y)
20:00 |H=E MAIR 816 84.7
OFZtAZ |HZ 2 4/5, ID FAN 33Hz, XX 2| 5/300, 22 33Hz
HEHER2E 528
12/15 820 |HEZUHE2E 58 80.1 816
9:00 |HAHIX] ESHE ™ HAHX] & FA : 9 1,005kg, &+E 2 65.6%)

0!

HE E HAHIX] & 27 : 9 237kg(-768kg, & 2F 11.7%(-53.9%)

AZE F BAAIZE: OF 40A|2F
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A=7]| - 24 HAux] =

SH{AHx|
Lot No. 211208
27 - 2k 1,105kg, B+ : 66.5%

SMEUX|
2Rt 21.12.15
7| SETTING : ST =2l 06 AR 8/5, W= 25Hz, ID FAN 33Hz, HEEEW 18 40% OPEN

SR AlZ & 72| 22t | AZUE2LZ |Hi7|2%
12/15 | 14:00 |H{AHIX] & &8 16.1 73.7 61.4 98.1
15:00 16.8 75.2 715 111.8
1530 [HHAHHX] AZ=HM E 711
16:00 15.8 76.7 69.7 1143
16:10 |22 10/5, ID FAN 33Hz #&
(2 8/57t HEUE HAX] 24520 SY? E2E §X)
17:00 132 79.4 67.1 116.8
18:00 116 82.1 63.1 1194
19:00 |HZ2 45 HA 9.1 815 62.2 1145
2000 (OFZtAZE 8.1 75.5 52.1 98.1
12/16 | 820 |¥=ZF10/5 BHHE 55 63.9 383 777
9:00 65 71.2 441 102.3
10:00 |wHHE 27Hz HE 72 89.3 57.2 1111
1030 |LEEEW 1 ItE 78 94.4
1047 |LLEEW 2H ItE 955
o=k HE
11:00 |S=Z g/ HYE 86 96 43.4 91.3
1200 |2 5/5 HY 88 94.7 40 81
13:00 |2 7/5HY 109 914 36.7 79.1
14:00 (=255 HEA 1.7 97.7 403 86.1
g8 9 45%, HRE 4/5, WA 2| 5/330, ID FAN 37Hz, W Hs 27Hz
15:00 |22 5/5 HY 115 93.6 422 774
16:00 111 93.8 51.8 835
1700 &2 4/5 HY 9.1 96.4 49.6 81
1800 |&+2 2 45% 72 94.9 446 779
19:00 (=255 HA 65 955 455 79.2
20:00 55 96.5 489 787
OfZtAZ | ESEM 11, 21 HX| - OPEN
=2 4/5, ID FAN 33Hz HZ
— OfZtAZ MWjxHME| A|ZHREZo =2 Qs Haz Oigl)
1217 | 830 |AlZH£5FE 2900|. AXTHX| Ar%ﬂ Sorgs IR Y
(LA 22t 25 CHA 28
=22 8/5, ID FAN 33Hz, LHr* 27Hz, W HSEH 18, 2B OPEN
1500 |HABIX| ES@AT M HAWX & 27 : 9 1,105kg, &2 o 66.5%)
HUE T HAHX & 27 : 2 310kg(-795kg, BH& F 20.7%(-45.8%)
& A8 e o 345kg
UZ & ZOAIZH: 9 36.5A| ZHORZHAZ AlZHR| 2))
4) HAAXRT|Z 25|7HxZ A}

Sl 1%} PIN; Hl 2
AZHF A (kg) , &2 (%) 1005 / 65.6 1105 /66.5 ZolgtraAM &
HE=FA(kg) , &HF=(%) 237 [ 11.7 345/ 20.7

A2 40| Z} 36.5A1 2+
SMHES AT DS 351kg 345kg
AMEAM = SAHES HARE ALE5IU2L & 2aEAZoAM HE & 255 &8
St Ao 2 JHM of Al
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M. Y AKX HFo| e HAaN

or
jral
| >
(m
0
i
X

=<
71

7H

B L4
2ol E
AREl

st X}
=P
=712 37[(wxh(cm)) * =712 37|(wxh(cm)) *
1Xt27| sHAX & Z7|E = (6) * AR & 37|& £ (8) *
RS S} X} =2F (30EA) S X}b =2F (B60EA)
0.5%1.8%x6%30 = 162¢cnt 0.5%1.8%x8%60 = 432cnt
oA 02 : 11~13% CH 02 : 8~11% LCH
=

CO : 70~300pm CH CO : 50~ 150pm CH

_23_



Mol NOX 2hAio| XA L2
— 24 —

@]
<
> | < | o
M & | ®| 5 s olol ol < N | w | o N
__O._ <X o o — i o o ~ hars ®
- w A — — M~ < < (QV)
©
™
Kl Mv
i | & | o | ~
_”__Hﬁ o |w® F3 2l ol ol ol @ o | ©| < |~
IRER =D 1R|5| 38|89
0 N7 @ S|~ F| ¥
ol | xI 2
N
4]
H0
<0
o
~
< P B e T
. ol AR _
. K- ot |gn| % _ w238 3 | =
n | 1k < P < H w® SN 5B | K| 3
< |+ I U e 1 3l < =W o
< Tl joll | oF i
G R L
| ° .An_ |._A|o oF O._._ ] I_N.”_H
_ Blour [ (T




(=] [<)
4

N

1 1 I I L 3

1 = . -

' | |

2
] i T
T - —
= Uy —
T T =

T
1000

:
2000
AZE(E)

T
3000

CO (ppm)

2404
2204
200
180
160
140 4
120 4
100
80
60
40
204
0

\V\wm\//\-JJ R\MM/\»

0

T T
1000 2000
A2E ()

02

Co

180

150

NOX (ppm)

60+

304

1204 o~ TN S
90 —WM

T
1000

2000
Al2E(Z)

T
3000

1240
1220 4
1200

1140 4
1120 4
1100 o
1080
1060
1040
1020
1000
980
960
940
920

1180 ] M
1160—WW TR

900

T
1000 3000

NOX

_25_




SEE (®)
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W o e
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ntertek intertek

otal Quaiy Assured. Tota Qualty. Assure.

REPORT OF ANALYSIS REPORT OF ANALYSIS

REPORT NO. :  KR201-0019751-2 DATE : Dec. 17, 2021 REPORT NO. . KR201-0019751-1 DATE : Dec. 17, 2021
RECEIPT NO. EE21-12-851-2 Page(1)/(1)Pages RECEIPT NO. T EE21-12-851-1 Page(1)/(1)Pages
CLIENT : KYUWONTECH, CO., LTD. CLIENT KYUWONTECH, CO., LTD.

95, L yeon, i, do, Korea 95, gil, N yeon, N do, Korea
DESCRIPTION OF GOODS SHE DESCRIPTION OF GOODS : 71
SOURCE OF SAMPLE :  Submitted from KYUWONTECH. CO., LTD. SOURCE OF SAMPLE Submitted from KYUWONTECH. CO., LTD.
DATE OF SAMPLE RECEIPT Dec. 14, 2021 DATE OF SAMPLE RECEIPT :  Dec. 14, 2021
LOCATION OF TEST M Permanent Testing Lab [] On Site Testing LOCATION OF TEST : M Permanent Testing Lab [] On Site Testing

(Address : 34, Yongam-gil, Chongryang-eup, Ulju-gun, Ulsan, Korea) (Address : 34, Yongam-gil, Chongryang-eup, Ulju-gun, Ulsan, Korea)
PERIOD OF ANALYSIS : Dec. 14,2021 ~ Dec. 17, 2021 PERIOD OF ANALYSIS : Dec. 14,2021~ Dec. 17, 2021

TEST ITEM unNIT TEST RESULT TEST METHOD TESTITEM UNIT TEST RESULT TEST METHOD
Moisture (As received basis) mass % 26.8 Moisture (As received basis) mass % 14.9
Volatile matter (As received basis) mass % 58.9 Volatile matter (As received basis) mass % 68.6
Ash (As received basis) mass % 08 Ash (As received basis) mass % 21 »
Carbon (Dry basis) mass % 498 ’\T:;‘g;:f';l”g Carbon (Dry basis) mass % 491 h:“°;';‘;:“2°1”s
Hydrogen (Dry basis) mass % 6.1 o sty Hydrogen (Dry basis) mass % 6.0 b"y‘ Wintéiry
Nitrogen (Dry basis) mass % 03 of Environment Nitrogen (Dry basis) mass % 02 of Environment
Sulfur (Dry basis) mass % 0.02 (10.27.2020,) Sulfur (Dry basis) mass % 0.02 10.27.2020)
Ash (Dry basis) mass % 11 Ash (Dry basis) mass % 25
Gross calorific value (As received basis) keal/kg 3480 Gross calorific value (As received basis) keal/kg 4030
Net calorific value (As received basis) keal/kg 3 080 Net calorific value (As received basis) keal/kg 3 660
Fixed carbon (As received basis) mass % 135 . Fixed carbon (As received basis) mass % 14.4
2 Calculation Calculation

Oxygen (Dry basis) mass % 42.67 Oxygen (Dry basis) mass % 4217
- END OF REPORT - - END OF REPORT -

P -y

Ams, \imse,
P 7 \e
£ A \e £ 'y
§(in) UL
< S z Q
2 <
och ocx
Tested by Deok Woo Kim Technical Manager, Eung Yong Lee Tested by Deok Woo Kim Technical Manager, Eung Yong Lee

This Report of Analysis is not related to the scope of Korea Laboratory accreditation scheme.

‘This Report of Analysis is not related to the scope of Korea Laboratory accredita

Intertek Kimsco Co., Ltd. Ulsan Testing Center. Intertek Kimsco Co., Ltd. Ulsan Testing Center.
34, Yongam-gil, Chongryang-eup, Ulju-gun, Ulsan, Korea 34, Yongam-gil, Chongryang-eup, Ulju-gun, Ulsan, Korea
Tel +82 52 257 6752, Fax +82 52 276 6792 Tel +82 52 257 6752, Fax +82 52 276 6792
www.intertek.com, Email cbakorulsanlab@intertek.com www.intertek.com, Email cbakorulsanlab@intertek.com
ITC-QP-Form 17-03 Rev No.00 2019.10.15. ITC-QP-Form 17-03 Rev No.00 2019.10.15.

3 You can verify the forgery and authenticity by the barcode at the end of this document.

# You can verify the forgery and authenticity by the barcode at the end of this document.
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REPORT NO. KR201-0019751-2 DATE : Dec. 17, 2021 REPORT NO, :  KR201-0018338 IDATE : Oct. 13, 2021
RECEIPT NO. EE21-12-851-2 Page(1)/(1)Pages RECEIPT NO. EE21-10-668 Page{1)/{1 ;Pl'es
CLIENT KYUWONTECH. CO., LTD. CLENT 1 KYUWONTECH. CO., LTD.
95, gil, N yeon, 2 do, Korea 95, £l N " do, Korea
DESCRIPTION OF GOODS : SX# DESCRIPTION OF GODDS !E!iﬂ.nmqq ' i '
SOURCE OF SAMPLE Submitted from KYUWONTECH. CO., LTD. SOURCE OF SAMPLE : Submitted from KYUWONTECH. CO., LTD.
DATE OF SAMPLE RECEIPT :  Dec. 14, 2021 DATE OF SAMPLE RECEIPT :  D¢t. 07, 2021
LOCATION OF TEST M Permanent Testing Lab [] On Site Testing LOCATION OF TEST e Testing Lab C] On Sits Testing
(Address : 34, Yongam-gil, Chongryang-eup, Ulju-gun, Ulsan, Korea) {Address : 34, Yongam-gil, Chongryang-sup, Ulj-gun, Ulsan, Korss)
PERIOD OF ANALYSIS Dec. 14, 2021 ~ Dec. 17, 2021 PERIOD OF ANALYSIS  : Ocv. 07, 2021 ~ Oct. 13, 2021 s 2
TEST ITEM UNIT TEST RESULT TEST METHOD — uraT TEST RESULT TEST METHOD
Moisture (As received basis) mass % 268 ‘Moisture (As recetved basis) miss % 170 SO 18134-2:2007
Volatile matter (As received basis) mass % 58.9 Violatile matter (As recelved basis] mass % 597 50 181232015
Ash (As received basis) mass % 0.8 Notification Ash {As received basis) mass % 148 150 18122:2015
Carbon (Dry basns). mass % 49.8 N0.2020-219 Fiund carbon (As recalved basis) mass % [1] Calculation
Hydrogen (Dry basis) mass % 6.1 by Miststry Carbon (Dry basts) mass % 2 P
lswi;ogel; (Dl;v basis) mass : 00;)32 of Environment Veydrogen (Dry bauis) mass % (¥
AuhurDt r;/ _55‘5) mass D o (10.27.2020.) Oxygen (Dry basis) s % 55.01 Calculation
sh (Dry basis) mass : Nitragen (Ory basis) masi % 25 150 16948:2015
Gross calorific value (As received basis) keal/kg 3480 Sulfur {Dry basis) ety o 1501 16994.2016
Net calorific value (As received basis) keal/kg 3080 Ash (Dry basis) pp—ry 178 150 18122:2015
Bed Cz'g"”;”‘s recaived besls) 23 — Calculation Gross calorific value (As received basis) kcalfig 2989 o AL
xygen (Dry basis) MEs% 2 Net catorific value (As recelved basts) kcal/kg 2668
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This Report of Analysis is not related to the scope of Korea Laboratory accreditation scheme.
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Bee 2F BUHYS 51| AsiME

1) 22 T2 X Polo| MAS MF U M| sokET, 2) M MME EHHoR
A7 BUEYSY| Pt wye =HsoF slof, 3) o2 5F S TUHYE & U=
Z2aMg JHusiol &,

- 2P 27X DUHYS fls MM MY

e 2 MHE BUHYSY| fsiME ch2at 22 WA I oot

7t 2EHAM
Holp a4 2, 2y 2i 7 2%, S0y 2

), BT AET 2, =B HoIVIx EF2E 3

D QU2
ET 2 (8i7(7kx,

L et

Ch. MMM (Es HFHA)

HE 0|&) S

AtE o dF & FofoE HAen] HE MR sE el T

LI E dM= SE dA| dgoll w2t FIF £ HEE 5 Ao 22| HEAl HA
o S %

2
= MAoflA HolH guxoz =8 2 XNE
E

mju

T
o
> 0

—

|
P e Hole 2HE dxIsiokE.

!

= ATFolM= otz Bt Zol =of 20070 MA Clo[e{E FE, M&E & U= Graphtec
Atel GL840E MAT. (L8402 2T (ZMOH,PT100S), MASe HolHE we + UL, 7
M EE A2 Sof HolEE fZollM MEE £ US. flolM Lds 2% HolEe 2
£ MY £ A2 Holof, A, My I u{7|7tx HolHE MY Helz SHE £ 9
= 7{o]
= A0
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Wireless measurement with wireless LAN

ERE e

.........

unit

By connecting to a router, you

can easily realize wireless

y—
2)

measurement
. locally or on the Internet . Remote
monitoring is also possible.
GL840 series

a8 134 2AFoM ALEE HolEl 27{(GL840, www.graphtec.co.jp)

T8 135 MM A L OlE AS HE ol

- 2ole gn 2UEY ZRoH M o 25 Y
sl MalE meolol 25, M, ¥ S MME MxstD 9l HolE ZolA ool
EIE A MTT F AZolM mUeiol MxE MAol et S HolEE MY, 2uEZ
B4 e TROUS YLD Nl E

z 2 dAM HOlHE ez ZYHHES = A= WHOZ= 1) MQTT(Message Queue Tel
emetry Transport), 2) cloudMB{E 0|88t &4, 3) edge AMHHE 0|8t &4 S0| US
Zwel

MQTT 2| 4% 92 HOolEH&A MAMAEAS Sl sAZH|, 2Hied S2| Z|7[d zH5E S
HEHOZ MQTT client(HlOlE MMsSI0{ E=2FHAH S241), MQTT broker(clientoll HO|E{ &
HE

235101 subscriberoll &=41), MQTT subscriber(E=27 oA «st= HO|E{E A S}0]
)22 FAHEN US.
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MQTT Client MQTT Broker

Publish: 24° C
Publisher: Temperature Sensor >
E Publish to topic: temperature r : _
E ——— ..
é Publish: 24°C ,’,, : Publish: 24° C
. - B
L: U/
~Y

2 136 MQTT S of7 |l (www.mqtt.org)

= al
E E= Hd S2HFE MH(AS, TF222HFE S)ol ASE HolHE &, MEsHo
2lo|HET} feh m Ho[EHE R&ES0] el ¢ A= L
ol= =7| x| H|S0| MFst Ha|stA Hlole &4, M&ES & = U= FEo| UKk
X|ExQl 0| 2dstod, M| 2oty = HHP2=Z Qlst RFAESF9 oz{g S0l U
Z. UX] MHE 0|5 =™ ALZAL ot 2Ho =z ololg sS4 Mu{el Sokdut 2
defelo] SYE HolHE 2rtMez 8, MY = A= FFo| UXY, =70 MHE
TdoiofE 1 sHEO| U= MHE FIIH2=2 A Epciolzl= BHO| US.

>

2 AFo|M= TCP/IP EAIS 0| 23510 oA lofl MB{E AMX|510{ dZro| MX[ZE GL840 O
O|E{E FI|MezZ EH, M&st Mu{o| U= HIO|E{E Database ZZ1# (MySQAL, MariaD
B L= InfluxDB &) AF235H0] M&E of Ml .

| O] & #jjo]
: MySQL, MariaDB, InfluxDB

Data GUI
: GL840 At =218 Grafana

Il o

a7 137 ol Mdx|E 2ol ciet Hlolg £ H7HS
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DIGITAL

Scieen updats rate | Ssec v ® 20.ch All-ch 4CH GROWF»
CH 1 CH 2 [cH3 CH 4 CHS
+ 23.5 BURNOUT || + 19.1 +19.1 | + 18.2
. degC I - degC idegc degC
' [cH 7 |[cH 8 CH 9 lcH 10
| + 23.43 || +25.518 || + 24.80 | +25.124
iCH‘iE E CH 13 | CH 14 || CH 15

off | off off | off

CH 17 | cH 18 [cH 19 [l cH 20

Off | Off Off | Off

Off

[ PuLSE 1

0

PULSE 2 | 3 | PULSE 4

off || off | ,

T8 138 TCP/IP S4I2 Al2st Hlole ZLEE (o)

| nﬁ UXD B O 85 Home

InfluxDB contains everything you need in a time series data platform . Welcome to Grafana
in a single binary.

Need help? pocumentation Tutorials Community, ~Public Slack

AND DASHBOARDS
Add your first data

Grafana fundamentals source

Latest from the blog

Gangrung_midi

WS2900C_2

Get Started for Free

MariaDB Server 10.6

7 139 AEALE Set AS Hlole HolA #5 2 Ul 2HEE oAl

(InfluxDB, Grafana % MariaDB)
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HAMEHO| 20 A 4 A2k
Sample LN B ReE
=t (Paddy rice) i 03.8
A 7| 118.1
0|= (Under rice) i 289
2 7| 79.6
22| (Barley) =7| 275.0
&= 2] (Naked Barley) = 298.0
ZXt (Potato) =7 131.0
7ot (Sweet potato) =7| 646.0
24 (Corn) Z7| 566.0
2 (Soybean) =7 168.0
=7 70.0
=% (Pepper) =7| 294.0
EH (Sesame) =7 131.0
A= (Rape) RSN 305.0
Atk (Apple) NESEION 1,899.0
Zt (Persimmons) RSN 350.0
gl (Pear) N ESIAON 1.433.0
EZT (Grape) NESEION 2,686.0
<5d g S48
Sample 2003 2004 2005 2006 2007 2008
" XH b 24 & 1,001,519 983, 580 966,838 945,403 942,223 927,995
2
HAMI|ETH 609 679 661 664 630 694
. XY v 24 & 8,966 8,559 7,760 7,601 7,548 8,082
HAMI|ETH 386 446 487 438 502 464
PET XH b 24 & 14,161 16,570 17,178 16,668 21,093 19,451
HYI|EE 1,898 2,084 1,645 1,715 1,670 1,693
- i v 24 & 80,447 85,270 105,421 90,248 76,267 75,242
© HAMI|ETH 131 163 174 173 150 176
o XH b 24 & 57,502 61,894 61,299 53,097 54,876 48,825
M| ETH 230 25 263 220 292 253
£t XH b 24 & 35,036 31,843 33,971 31,077 31,321 28,794
HAMI|ETH 34 66 69 50 56 68
Abz} XY v 24 & 26,398 26,676 26,907 28,312 29,358 30,026
M| ETH 1,384 1,339 1,366 1,440 1,484 1,569
ol XH b 24 & 24,061 22,982 21,807 20,656 19,888 18,277
HMI| & 1,316 1,966 2,033 2,089 2,350 2,576
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N
(@]
[
0F!
M
Jd
]
0=
=
om

A\V4

M I|E ey HAT| &=
= M A2 (Ton) N %EZJ;% e g;iz_;i%

AE 2| (Naked Barley) 104,750 0.944 98,884 0.662 69, 345
=2l (Beer Barley) 45,172 1.077 48,650 0.690 31,169
2 (Wheat) 15,024 0.751 11,283 0.708 10,637
50} (Sweet Potatoes) 368,324 0.288 106,077 0.368 135,543
= (Soy Beans) 105,340 0.500 52,670 0.417 43,927

E (Red Beans) 7,102 0.407 2,891 0.368 2,614
243 (Corn) 76,336 1.296 98,931 1.189 90,764

M2 (Buck Wheat) 2,705 1.733 4,688 1.278 3,457

=5 (Green Beans) 2,035 0.500 1,018 0.404 822
113 (Red Peppers) 254,280 2.180 554,330 0.465 118,240
Alz} (Apples) 535,324 0.221 118,307 1.316 704,486
22 (Tangerines) 629,785 0.172 108,323 0.088 55,421
Zt (Persimmons) 258,874 0.348 90,088 0.270 69, 896
E 3ol (Peaches) 210,345 0.260 54,690 0.367 77,197
IZT (Grape) 116,159 0.275 31,944 1.562 181,440

AHS (Plums) 51,087 0.383 19,566

&7 (Sesame) 12,986 2.050 26,621 113 27,439
3 (Peanuts) 8,219 0.491 4,036 0.278 2,285

AtE MAE SEFMAEZSAAE 2020, 90-113, SEISAMAESR
HiO| 2O A ShMA|4=: 2h2d 2, 2011, SRHFE HiO|2ofA XHpl SHAA 4 S ZERHEHY
A Korean Journal of Environmental Agriculture
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aue

e

3) sYPFL=ES EM EM AD)

(1) A2z

77| RPN s 4 0| BEMoZE 22{Zl CHONS HAEM2 M ZOH Exf ot Eb
(Carbon), =2(Hydrogen), & A(Nitrogen), & (Sulphur), % &F2(0xygen)2| 22 F3t=
= ghHolct oSty SA7|7[d A2EAMT((Elemental Analyzer(EA))% St
(2) d2EM 2T

HAEMI|E 0| 3510 oAl A|EE 4o FM2 Fo| MA|E dieb ZHo| HEE ER(C
arbon) 7t 47% W<2|, ==2(Hydrogen)Zt 6% LH2|, & A(Nitrogen)Zt 2% O|st=2 LIEtGCH
=0| dH|xet HAH Y X[#1~H AN E B X|#5= C,H,0,N,S =22 "o 37%, 5%, 46%, 2%, 0.2%
2 ZIghol it
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E 42 22 24 Za
Sample Carbon(C) Hydrogen(H) Oxygen(0) Nitrogen(N) Sulphur(S)
EH A H| B K| #1 41.051 5.331 43.084 2.657 0.195
A H| B X[ #2 38.386 5.131 45.152 2.676 0.220
A H| B X #3 35.905 5.041 45.394 2.801 0.234
A H| B X[ #4 36.425 4.999 47.684 2.692 0.275
A H| B X[ #5 35.596 4.591 45.749 2.996 0.276
FEZ 51.608 6.613 41.122 0.272 0
=} 47.857 6.004 45.700 0.217 0
AFZER A 7 | 45.031 6.693 47.099 1.142 0.035
Atz 49.534 6.433 41,382 2.504 0.147
AT EX] 45.757 5.984 47.139 1.121 0
EEZ 47.915 6.056 45.533 0.646 0
MF 46.142 5.392 45.990 1.229 0
F5tat 44,395 5.688 48.718 1.343 0.013
o= 43.375 5.293 49.076 2.010 0.245
B2l 40.933 5.376 52.251 0.553 0.146
of A 48.723 5.504 43.472 2.045 0.024
ra) 48.723 5.741 44,289 0.863 0.091
A = 44,764 5.380 48 .277 1.048 0
NS 49.336 5.829 48.276 0.680 0
AFQITH A A 46.325 5.669 47.399 0.759 0
B4 Xt 54.039 5.635 39.338 0.666 0
oL A 45.145 6.159 46.158 2.333 0.503
T0[0{Hi x| RAW 41.000 4.946 52.992 0.582 0.409
FO|ofHl X 48.498 5.131 44 .434 1.368 0.538
A28 BAZC AP Mz Hefol wal 2X HRF Et 512 PN, A2SE
2 s Y A o, 32T, UL w2t 150 2522 ERECh Aae JES
2 dES=2 EFcE o, s =g HaetEol 1.00/5tH 1522 22 & CF =&t
5o, 3= HATE0| 3.0 0|5tH 15, 6.00|5tH 28222 ERECH & AF0AM AL
= sHFLE B H{AElX], AREQ) ofF, ofd, &LE AE2 L 2Eo| o 2%E 2
MEo] Ct2 sYFMEd Hls) cix =2 A sEs LERAc gtH, fEFR, $3,
SE2, M, &, XY, ARIMAZ, RXL Fo|ofufX[2] A9 E5F 1.0 o|stel Ha
22 2ol N HEH £+ SO HUSHEJUS I AZR2M Mt Aoz mehECh
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2 7|&2=% 3,617.3 kcal/kg ~ 5,19
|22 4=0| H|=xgt HAHEIX[= 3,500 ke

=]
=2E=20 T 7E:l |',

2.83 kcal/kgel &
al/kgollAM 4,000 kcal/kg Atololl Zo| 2= 0| AUCH LT AZ 242 HEl= SUEM &4
ool D™ ERATHE 3 Ash &F2F0| ol 2E 20| 5,000 kcal/kgZ CHE MZAIZEX[o| H|5
AMozZ =2 wdazk AIuE LIEHC]
@ aau@U(ealkg)
5500
[ ]
GOQQ o sttt
a H
= .
© = .
g 4500 0
- ° e * o
> L4 LI . L]
T . L
T ‘
4000 - *
[ ]
[ ]
... [ ]
s R

MU=

i}
0] 0 5 K RAW
0] HERE|

Z 3,000 kcal/kgO|Atel Alz=

2 1 AZZM 0| 7tsdo| AUS A2

2 2olc} #—EE%OI 20%§ %%‘ﬂth‘i 7MY & 9 MULH R ZE sUFMEAM

3,000 kcal/kgeZ L}EIL} =R HS =HSICIH RE SsURLMS0| AE2M 0|8 J7tsE
Aoz mohEict 5 A 2R 2 s dzsSa3 olate] Zgts LER AL
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*  Hejgezkeal’kg)

5000

4500 -

4000 -
«?

LHV (kcal/kg)
[ ]

3500 ~ .

3000

7 150 MeledE =

Bio-SRF 7|ZE22 T otd 20%2 AXSIFSM= 7HE50d Aol LI
otzff et Zro| LtEHHIACE MHEH2=Z 3,000 kcal /kgOlate| ZAIES LIERLY
of 9 THMAH2=Z 3,200-3,400 kcal/kg2 = LIEMG20 Atnt 52| &
YoM =2 3,500 kcal/kg Ol&te| LAZES LIEMH S =elsiRict

Ol& HIHSZ HAMHHIX|= ET 3,300 kcal /kgRE UHZTFC=R ECtz(o, JHX|2| el 2|

HIO[2OH A= 3,600 kcal /kgHEE &l = AUCH.

* o 20% o=xlkealikg)]

5000 4
[ ]
4500 +
—
o)
e
= .
[} L ] .
£ 4000 - e ¢+ o°
= ., . s
z T, e
- L) B
35004 o
[ ]
*
a® .
SRF X 2| ¥EE 7| = (3000kcal/kg)
3000 T 1 1 LI | T 1 LI} 1 LI i 1 L |
ETHSAOUBERTRIE
THomT DU TG TF
ok B8 gofs
@ 4 HEo
< 4T M
=3

| H

O 151 2 20% Mol e

ol{gt Zits EMART S 3z0late| HIE fHRSI= 7|ELR 07t 4= W7t
H o

ot
— = —
AFE HetEo], HAHUX = 53 155 82 gelgs ApCt.
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Sxjeing) =
24/53
12 23 12 23
22K keal /kg) =>1889.95, =2703.35, =3516.75, =3%47.37

5 dhd gk &
Sample ne{eA 2t (keal /kg) | H'LE Zk(keal /kg) T2 20% UL
EH A H| B K| #1 3870.97 3191.42 3463.10
A H| B x| #2 3696.11 3057.96 3299.04
A H| B X #3 3617.29 2975.72 3225.08
A H| B X[ #4 3643.16 2967.85 3253.21
A H| B X[ #5 3757.24 3362.57 3389.33
FEZ 4322 .69 3820.61 3845.59
s 4522 .88 4073.86 4078.66
AL TH 7 | 4186.28 3292.40 3704.86
AL 4381.09 3644 .31 3913.71
Abp MM IEX| 4305.54 3601.16 3862.40
EEZ 4288.10 3795.06 3841.08
MF 4211.95 3743.72 3800.78
F5tat 4235.17 3653.52 3808.02
o= 4380.79 3909.15 3974 .97
B2l 3632.70 3245.74 3222 .40
off A 4396.71 4055.25 3979.49
ra) 4317.58 3805.67 3887 .57
A = 4368.63 3917.49 3958.11
PN e 4431 .51 3957.20 3996.74
AFQITH A A 4463.79 4023.50 4037 .66
= K} 4564 .30 4058.53 4140.01
A 5192.83 4780.08 4740.24
30| 0f Hif X|RAW 4072.09 3590.81 3685.01
FO|o{Hl X 4298 .86 3506.87 3901.79

_60_



I /= 2 30-40%E =S LIERH QACEH

B3
o
Ir
pifd
o
20
wr
K

~

N

pifd
<F

ol

<l
X0
r
K4

Y

N

Moisture analyer)

=2

F

otz 2|

i

B A | B X
el Z=t

<+

7ol
090

M

=Y

B A | B K[ #12F At ZEX]

—
—

Of M= 0f 0%

(=]
e

105°C, 120C, 150C, 180¢C, % 200c= A

M

_61_

My+ M, +2M,

M,

Atzt ZEX|o] £ ¢



—

=

o —
e =
gtz o

A mn
W EE
@&oaOAT&o
= g N g
oy~ T T Nfo s
7 < AR 4k o <
o N B = N Mo
T T
Du \U/ =} g~

== ====

=
A

= H]
Al

I 200°COl| A

o

24
/3

120°C, 150°COi| A

105C<|

& =2[A e

—te
110

or
o
ol

i

4

1ol

A —
=&z 7}

——105C

1.0 4

@
(=]
(an-

T
© < o~
o o

o
ON)/(BIN-IN)=01el 81ns]

O

0.0

min)

(

Time
O3 153 AL alf X1

—1057C|

(a-oN)/(BN-IN)=0!

!

o™
o
Bl 2INSION

Time(min)

02 154 Alz}

_62_



H
4

il

Klo

pifd
<k

H0

oH

il

EA2 otafel ot

4
Klo
K
i

H0

x7el %
HAE RIS 2B Rt AEEIIRI 22 27

IH
<+
)

7t
ofzfo| At

Klo

ol

H

B3
110
E

|

H
4

—
—

b =] 0

10|

= LR PSP
o

—

S
E A
=

(=]

e
o

ko At
=

°

EAl

= LFEFLELD QAT

to1 At

°

Chek

°

—

—

5
Al o =0 Al FETF IR ECt

MIX|= MA2[oM 1cmo|Tte 2 mhay

Mt 2ofzict,

=
=

PN
=

HAHE XS 2= FE

X|at

Bl
=)

ol
0

700

tol = b 2 o dolct.

110

1ol

—m— B AT Y 3
W B A K2

—m— ALD PHR|

-
o

7

140 160 180 200

Temperture(T)

a
I/
120

1

100

0.00016
0.00014 4
0.00012

C

T
o
—
(=]
(=]
L=
(=}

0.00008

I
w
(=)
o
o
[=]
(=}

E\m,.,: ajel uonelony

0.00004
0.00002

2l
i\l
iy
4
Ki

N

5!
Ho

_68_



H
ol

(2) 1ctAl 2%}

0f0

=

10!
<+
oK
%0
B

=

1o

<+

7he

Iz
=

b ALE

2 2

I

A

Bl
__o___._._
of

H 274

of
Ol

.I

Y

S I PN

=
<

il

=25

71 o2 9 A

110
palll
K]

ol

4

0l
o}
_||_

Rr

-

=
__O._

0l

ol
i

|

£ E

=E]
=

LHET, BAHRIHES 2

i

ol
[
il

=X

P

=1

FaES

~ H{ALH X

2 WE WPy o

HH 7= M

—
—

|
A

o<

3 2YY - ISOR

- IS0/

" o
KIr ﬂ
o
[an)
o
K _._|
ol
E|
IF
s
r 3
L |
| ao
0 al
ol )
H a
(ep]
[an)
® iy
£

_64_



(2IHE MO - & =)
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ror
o
[N+

O ME M&F Atk

FE o3t A 2
oXE : STS 304 6.0t
SNES 1,462 4
. HAHIX|E Solsiol muksi Fo| ®1,462 mm * 3,048 mm
mizl) oM™ 1 5.07 w
EHx|
cMHEMA 1 10.3 m
o222k : oF 457
EAEE B HMHIX|HAZES
EA% 42| HhAl A} X o I
B uEA S A5l0] Helubd R B4 Z{ & STS 304 5T
oSt X FRIT2|0|E "4 oSIAHZA 1 0.103 mr
XHE ASH X2
oBHInd : KC-8215EIM-3(7 | EHLHEET
. F.D | oXMElilM Z7|2 elsle 2= o C ¢ M-3(7| &/ S E71)
S o Z & m/min, S&:  mmAg
7|
= D KRSt M 27|12 folste 2 TBS-S3245T(2HP) AtAH(380V/60Hz)
' 2= oE2F: 2 400 m3/min, Z=Qt: 285 mmAq
HEGE 22 | -t{L{ollA StA7IX| B S o AMAH(380V/60Hz) 0.4kW
2| olEAIZIE Bl "RE{Z ALZSHE AAR HESZ YA
SHUZE 22 | cSHOAM HUJIX| dBE AFAH(380V/60Hz) 0.4kW
DE O|&AI7|= ZHX| CHEE AIRSE AR I gl
SH HE o ApAY .
S AK| ST | s B ALAF(380V/60HzZ) 2. 2kW
Halo[H Z2H cHEE ALBSI= Eelo|F ST ek
Al Ex| o A M Xt EHIAF|= EX] o5 UM LH: 21,000kcal /h
o2 X eind X Mgl He
Hed aa PROSE WP EAEE HE | senamee 8a7 2a) o2
HtX|5hes Ax|
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— [ = R | -
FIETN o “40CHNM o] A4 T I
A
oH| ™ StA| M R| ¢ CDS = obH ZHA|
SR B EFHE
Hho|m 2 =M A
cWEH7|RH KM E R 1 SH LT ZpHE LK
cTlE SlHFX mHFE ZE EOCR M2
ol_l'xl_‘lél'il . 7|_‘I_7F_7| f—"_}'xl_‘ljél‘il |'_|_ l'o I — 4 1o

ID FAN QIHHE XM&
o|CT ZHE{E AlAH
- WHHE 2E, D FAN HAJLE

28|83 2 e

|_

-7t Bol 2 MA 257 DU EE

O HAEX] AZA|AER 157, 257] At H|W!

T 137 257 HZ
H=82 74 od®1,150mm * 3,120 mm od®1,462mm * 3,048mm 22k S
H=R 8F | - °5m® S SH
= E ol 2

1= T_b'°t oo op® /3] -oF 3n® /3] HxE 2% =4
(=)

WEFE BE | 5. 7kN(7.5HP) °7.5KW(10. OHP) HE 82 =rf

ID FAN 22 3KW(3.0HP) 21 .5kW(2. 0HP) o &| X 5}

HLH A2
IE ARy AL Bl EfRl #Y
A3F TE
=ol, ol
= AIR ©80, ®63 AIR ©100, ®100 22 Srfjof wE Al S
Mz
SIH A& .
20.75kW(1.0HP) - 1EA | =0.37KW(0.5HP) - 3EA | -3 EbQl 4%
A3= @
HEE Hi & ]
gl 2. . HiE TE W
AoE mE = 2.2kW(3.0HP) s +

HIZE -gle -0, 37KN(0.5HP) HiE Tx

A 2|H| o] ' '
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P 2EMA - B S8 AR N8

717t 2EHAM - Bi7|7tA HE HE ICT 24 EE =t - 1
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ICT ZLEE 3 -2 ICT 2HEE 3t -3
fam smg- 2w Jansnz-24
J 2m 2932 -Fan | | o szt sy
| a2 sgz- 2371 L |§il e
e msc 108212
- o1 M e
| am == - g8t i 124088
® 10821
e omc wE2 12408
| EL LT T EET2S s DO 082162
11A01=2
. ~ | osgi6Y f
s est gl S
O ICT =2H&E  2F & TVoC SEZ 1t
T=2E 20.7F &2L{o}l 0.4ppm & .9% TVOC 460ppb

-

<E > AUFEH I HIEAETE
i Z£5 7| & HAsH i E5187|F2 He
ag =9 x| (5| AMufi£=) (3| AMufj %)
SY XA |Eb X SYUX |E} X
oY &7 1000 0|5} 500 ofst 500 ~ 1000 300 ~ 500
SF
X dAHM 20 o|5} 15 O|st 5~20 10 ~ 15
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EEZED
i &5 87| & 3
o DA CHAL B - bl &3 87| &2
T= =My 25 (ppm) o
SUX A 7| Bt x| S X| A
etz Lot etz Lot 2 O|st 1 0|5t 1~2
A Efo| 2 0.8 O|s} 0.4 o5} 0.4~0.8
=5 30 o|st 10 O] s} 10 ~ 30
. UM 77| . .
Al g e . Areda 2 o|5t 1 0|5t 1~2
stehE . .
(75) HEJEHE 35 O|st 13 0|5} 13 ~ 35
S _ _
TVOC HEolo|FEAHE=E 3 0o|s}t 1 0|3} 1~3
SElobAlE 0| = 4 o|5t 1 0|5} 1~
i-REYIZ 4.0 o|st 0.9 o|st 0.9~4.0
- AlgZ 1t g2 Lob= 0.4ppm2 2 7| EX| Ofsto|o{, TVOC Eot CHEE 7| F0|st2 5=
O HAHIX] AZAIAE 257 - A= Al WS
AlE 1) HAEIX] 1R HA=xE AE
el
MEIRls 14 AXRAS
<HAIHX]> 14 HEAHY
DATA : 2022, 07. 06
& U H AR 2H 1508k, BeE 1 T35%
0 | M | 22 RE(C) [ UZR RE(C)| HAR SE(C) | INLETRE[C) | H7| RE(C) RE{(A) il
06| 1100 343 358 05 336 362 12 8} Wl 20004z 8| BHAE, 2/18 SE4A|, 2/8 £ 27|
1300 10 514 144 103 56.1 15 SR 8| AR BE T DA AY T
1540 481 139 632 5 45 13 AR BE 2 #8
16:00 514 441 1461 79 451 24 B2 WS 2/12+22/2,000Hz, BAR] 2/24+44/2,000Hz ~ E71A
16:13 515 48 923 634 454 AR
1700 612 472 2817 1035 5.2 13
. ‘ 242 g5 27 &, WRY B0 REGK|EEX ol
e 0 . B k i W3l 3/10~20/3000Hz, E£ 2/18~38/2,000Hz
BRY WY
1750 769 518 3579 1269 574 W] 2/13~33/2000 - 2/8+18/2000 ~ 3/10~20/3000
BALEA] 2/23~41/2000 — 2/18+36/2000 + 2/18~38/2000
19:09 90 503 01 1346 624 13 1254
19:49 806 542 1236 812 5 15 UEE]
2015 9 543 3505 1249 5% DR WA 3/10~20/3000 b4 2/18~36/2000
mo| 90 818 48 703 647 4 9 HHUE 48, SR 596%
408 805 45 804 65.2 49 ]
949 89,2 475 1033 82,1 45 9 IREE
1215 9 476 361 1193 419 1eeY
1317 W E 55.0%
1321 806 464 73 643 42 85 iy
’ ' ‘ ' ' ! ' WEE WA Ha 2/8~18/2000, HAIE] 2/18~36/2000, HIZH O 25 90/180/420
1413 896 492 1232 86,6 474 PHE BANL, BRI O 25 90/200/420
15:06 803 466 712 638 45 EE]
1526 X!
16:32 772 45 702 [ 48 EE]
1782 % 49 2005 103 45 1eey
1744 L
& U7 3 WAL FH ; 655kg(-853kg), B 1 17.8%(-359%)
@ ZUTAQA: 305
& LS A ALY 5 TTkg, AT AT ALBE 1 122k, MY 2 EY 2 20720kl
& U8 B M8 176kg, A 5 AR 1 37kg, 5 YT 1 631965kl
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<HAIEHR|> 2} HEHE

& 75 T AWK R4 1597k, HrE  828%

DATA ; 2022.07.12

R | N | 24 EECC) | AZER BE(C) | Y42 2ECC) | INETEECC) | B ER(C) RE}(A) o}
_ et
| e 28 Ha il s e T LB 2A0-20/2000, AT 2/20-32/2000, 2245 G0/200/400, 24} 2728
1200 3 376 1263 £48 377 12
12:30 464 394 2837 806 4 12
13.00 555 406 1872 23 415 12
1330 €23 431 263 867 438 12 SO T LS SOl Py AE s T0] Y LE
i AH YA SE A8 IMCR 42 7Y
135 " . i e s el 2712/2000, BAGHE] 2jaB/2000 BRI REHE §
15,00 74 445 205 972 496 11
1630 773 458 aMe 1041 521 1
Ll S RERE HEY 2Y
1600 803 476 2151 M6 549 11 el 2672000 T 582000 esdz 3
1630 764 49 2336 1037 556 1 512 1272000, B0 2052000 Bk WAELE Oag &Y
1700 M6 496 2999 1139 5 11
1730 817 508 me 113 579 105
1750 824 508 97 115 561 11 e 271572000, B0 27532000 @ il b e 2l
1830 8.2 515 U1 1096 5 11 E] 2/12/2000, HAUE 2872000 R WAEIEE MBS XY
19,00 818 503 16 1155 553 11
193) 82 505 261 115 553 12
gAE A
i I £ ”5 Wk R " s ooy MW 252200 25 GXSIEE 0EE B
0% W D2 2402 RIpt fAE ol
My | am 56,5 474 L 04 486 19 e
B! 2122000, BAHX] 2082000, &5 HHY| HBtlER pal 4B
1000 67 461 2854 1069 486 145
1030 01 49 1853 9%.7 497 15
11,00 764 501 3079 173 517 16
11.3) 782 515 338 103 517 175
; R ERRIS D BE OO HEY 2%
1200 783 505 187 %8 513 175 kst 271572000 BT 2522000
1220 794 517 208 926 521 LR
; ; ikl
1307 5 507 104 725 498 18 K81 271672000 BT 25272000
1330 194 512 2102 1015 507 17 [&E 2572000, BANA 2537000 2k 9% i
400 84 524 1938 1132 516 17 B! 21872000, B 280000 £5 HT] RE
1430 897 528 me 1061 525 16 el 7 26/2000, B AU X] 27602000 ERA K A
15,00 90 53 1416 88,7 518 16 REEE]
1540 f0§ 498 849 657 456 15 Jds E700IR 0 5 ¥
1600 82 502 02 .9 8 14 (&3 2 7172000, F1AERA] 2572000
1630 86 489 23 1031 503 12
1700 87 497 1584 %3 501 17
173) 88 488 235 1075 509 11
1750 861 491 307 14 512 10
iy
il i i WM s o . S| 3710~20/2500, B S1EH) 2716-38/2000, 2 &4 9072507500
1920 i 491 3024 1163 526 1peg
00 87 433 95 08 476 9 | Ch SRICED TEE gl 2 D 2000+ 73
M4 | 830 EEXE]

& TE F BT FH | 611kg(-986ka), B 1B T%(641%) W BERH  Sokg
& EHE 2807 340

& UB AT B R 476kg, HAIKA] MG AL EH D 02kg, MTHE B | 19908Keal
& Hal F AR 162kg, AT & AEY 68 0kg, & YUEE : 676879zl
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AKX 2K 4= Al AR

AR - Hd= A A=7| dE - HAKX F

SYSTEM OPERATOR
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AME 3) HAEIX] 4= AE(ICT ZUEY AIAE Hole 241)

@it FAN @ &2 A %l o3
ETTE wego0 | bm | Wy | EE | || 2 | & o
(w) (ow) €C) €C) 25 )
g | & | £ |52 R RN RERE RN NERENERERE RN
= S8 |mem | 2|2 (220|202 |d (2D |2|d|2|d|2|d
o I (e eon) | H | B | B | B | T | T | @ | T | @ | @@ |w | |H|g|%|2
2/7 | 10:30 9:00 22.5 1.8 53 18 | 35 | 4 9 027 049 13 | 95 | 2 57 | 98 | 419 38 | 131| O 14
2/8 | 16:30 9:00 16.5 1.8 55 16 | 39 [ 5 11 03| 042 43 | 93 | 6 56 | 116| 360| 40 | 144| -1 10
» 23. 02. 07 A= AE™ AKX

ZHEE PANEL - H&t TS

ONTRUL PAN

FHAS JUN e suRY

T 053-856-¢
kuuwontac

85
5900(f%) F 053-856-¢
ok CALL 16178800

717t - H

RSk

7l 7+SX

717t - HIIEZT| 7HS0
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» 23. 02. 07 A= Clo|E| B4 XIZ(ICT AlAH)

I [FE| 3] REE7|- 2 (34)1(2023-02-07 09:30:00 ~ 2023-02-08 09:30:00)
J|EY ME | EY2EE 127

1090 20 1200 50 1200 500 100 0 120 o0 220 00 260 30 0 o 20 @0 = s o500 oro0 =

e~ 2B

I [T E 3] FAN-HE(34)2(2023-02-07 09:30:00 ~ 2023-02-08 09:30:00)
J|EY MHO|EY2EH 1Y Eese ——— b
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I[-H%Eilﬂ] g 5}-2 = (2023-02-08 16:00:00 ~ 2023-02-09 16:00:00)

NEY MY EYERE 1Y meee - oy

PAXT| - 137], 257| A= Hs HW

H=7| 137| 237|
& 1,005 1,597

A H X 27| (kg) z 237 611
] iz -768 -986

H 65.6 82.8

2% = 1.7 18.7

B 5taf -53.9 -64.1

U= ZIAIZHh) 36.5 34

=X #E 345 162

AR ALEZ(kg)

Az HAHEX| 0 68.6
E A= ol4X] ¥ (kcal/h) 1,380,000 830,750
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\ E_E

3424 X} 95+375/1000000 = 0.035625m 60+370/1000000 = 0.0222m?
D._&! 0.03563*6x5 = 1.0689 0.0222%7*10 = 1.554
3424 X}
it 344,000kcal /h / 1.0689m? 344,000kcal /h / 1.554m?
%;:6} 321,826kcal /m2.h 221 ,364kcal /m2.h
S|
i X 0.856 * 1.818 * 1.072 = 1.668 0.867 * 1.763 = 1.118 = 1.709
x| & (m°)
| =
HES 344,000 / 1.668 = 206,235 344,000 / 1.709 = 195,436
(kcal/m3.h)

REES

18.46 32
(m®)
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SEZE 70%
AT H K| 50%
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{4381 K| 50%

1700Hz (2/8)

1400Hz (2/14)
6000Hz (1/9)

1400Hz (2/19)
6000Hz (2/7)

HE 222 (kg/h) 138 lﬁf ?g:g;
e £37| 0 0 0
FD-FAN (Hz) 2900 3800 4900
ID-FAN (Hz) 4200 3600 5000

s X} ACt (Hz) 2/15 2/15 1/20
StA X} SHEH (Hz) 2/30 2/40 1/25
FGR X X X
SNCR X X X
02 (%) 8.38 9.59 11.54
CO (ppm) 16.81 235.86 438.86
CO (ppm) 12% =HAH 11.98 185.97 215.99
NOX (ppm) 101.67 163.05 417 .52
NOX (ppm) 12%EkAt 72.48 128.56 205.49
SNCRYIXl 2% () 651.98 538.86 520 .49

4500
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3500 4
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25004

(PPM)
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O 50%/ 50% & + HAHIX| AESE =4 HAE FGR MEHAE
- FEE (WEMY) HFE A2 0 41.4% SME AHAA=ESH0] 3% 2 HE
- Holy My
FD FAN | ID FAN SR} (sec) A= (sec)
(Hz) (Hz) = stch | REE | AKX
SEZ 50% / HAEIX] 50% 4200 4100 2/30 2/80 2/18 2/6
- X 15 min

™

=~
o
e dzaed

- =& oF 86kg/h(L¥EF 2,477 kcal/kg ZI& : 213,022 kcal /h)
- AZ=B{MEER] 2k 77kg/h(LE 2 2,664 keal /kg 7|1F : 205,128 kcal/h)
- Gmz
- ID FAN : 4100Hz, FD FAN : 4200Hz, FGR 100% OPEN, =l X} 2/30, 2/80
x| - H _?_EJ;I H-Iél“j”xl olod 2 1JT'L§—,_|' I"—En_l' ‘IQI'E(ID": =gq od=s <o
8 L oiney | wee | vze | ey | B2 an | an qm| FH | EOE
N %
L ko | keal/h | kg | keal/n| K@M g o Ny | keal/n "
H| &
_ 418,15
50:50 | 86 | 2.477 | 77 | 2,664 ; 99.1 | 68.1 | 200 |357.834| 85.5
SRTPN 02 Co NOX (12%) €O (12%) NOX
50:50 13 074 239 308.3 268.9

o |3
oft

=25

EFEIAL




CE 2C

ZE FGR ®IH 100% OPEN. FD FAN &= =0{Af Hi7|7tA RYUEHEE R
FGR AlEZA|, A2 UWE2E =O 614=. SNCR ®IX=2% 663.8= 7|5.
50:50 A =7} MXF ULt FHHXIE z|Uist =R oL sHZ =X ZE.
FGR Af22o 2 2lst NOx M &3t= =olgX| &S
O ZEAHAE @ HaMMslE 452 flst AlgX& FGR M2A| Z1f
sag SEE 50% SEE 50%
B AL B K| 50% E AIHEX| 50%
1400Hz (2/19) 1400Hz (2/18)
HAZ I ZAIZH
=AIZE Hz, (sec) 6000Hz (2/7) 6000Hz (2/6)
80.57 86
g ApEf
o4 22 (kg/h) 72.83 77
et £F7| 0 0
FD-FAN (Hz) 4900 4200
ID-FAN (Hz) 5000 4100
SIARXE Al (Hz) 1/20 2/30
s} X} ShEt (Hz) 1/25 2/80
FGR X 0
SNCR X X
02 (%) 11.54 12.29
CO (ppm) 438.86 253.28
CO (ppm) 12% At 417.52 261.85
NOX (ppm) 215.99 250.83
NOX (ppm) 12%=tAb 205.49 259.32
SNCRRIX| 2% () 520.49 580.22
St AR
:: _ ?éR o2 4000 800 — Egé ﬂg;?)m%
= " E E
0 1000 2000 30)3; (Seﬁoo 5000 6000 7000 0 1000 2000 30:; (sei(;oo 5000 6000 7000 0 1000 2000 svo‘t; (seztjoo 5000 6000 7000
02 o NOX (12% ZHAlH)
* A 1 ALMSIEE HFET| /56| FGRE HE5I{ @72 E 507X IR 2Lt
2 537} L YSIR| %S
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2 9l Al SNCR B|AE Ao}
SEZE 50%, HAEIX] 50%
1,400Hz(2/19), 6,000Hz(2/7)

2 222 (kg/h) 90.32 / 79.5
O
(Hz) 4,900
(Hz) 5,000

=H (Hz) 1/20

tel (Hz) 1/25

FGR X

SNCR X 0

02(%) 10.97 10.3
CO(ppm) 186.95 237.38
CO(ppm) 12% ZHAH 195.22 199.69
NOx (ppm) 170.85 100.07
NOx(ppm) 12% ZkA 152.75 84.29
SNCR ®IxI=2% (TC) 520.49 538.86
=t ARl
SHEG0%) + A (50%) 24 STE(50%) + HAIEIX|(50%) 24
SNCR 7}F 020 fHE co(ppm) Hl2 SNCR 715 ®{50| TE NOx(ppm) H|2
——SNCR X
1500 ——SNCR X ——S8NCR O
——SNCR O 200
180 -
1000
160 -
E £ i
& 500 g e
120 -
100 -
0 Vay
2] WWWAM
0 500 1000 1500 2000 0 " 50 1000 1500 2000
AZH(sec) AlZHsec)
>SNCR 7t Al 0, 12% &HAF Z|F2Z NOx 100ppmO|3to|0{ | COE CHH Mo Z LIEH .



O SAUEAE 100% HAE (FIHAIHIX| EEoz HAES
B4 FIHAEE (Z2sY) EIHAEE (HsY)
HAZZ2AIZE Hz, (sec) 2250Hz (2/8) 2250Hz (2/8)
HE 222 (kg/h) 150 150
e £F7| 0 0
FD-FAN (Hz) 4100 4100
ID-FAN (Hz) 3700 3700
S} X} AME (Hz) 1/20 1/20
StA X Shel (Hz) 1/50 1/50
FGR X
SNCR X
02 (%) 10.84
CO (ppm) 124 .53
CO (ppm) 12% ZhAt 110.31
NOX (ppm) 165.42
NOX (ppm) 12%ZHAt 146.54
SNCRRIX| 2% (C) 479.41
AHE
— —— NoX (12%)
~ 1054 B 0 ’g 120
A|7_|(sec) *PJ(SZOCU) 5000 6000 7000 0 1000 2000 SOOila(:Zl:; 5000 6000 7000
02 CO (12% ZHAH) NOX (12% ZHAL)

. SNCR 7}& 3to] 2AeHE

Lol

—

I

ol
ook

ZHslo HAE Z2f NOx7t 100PPMO| st X & &2t
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Eas{Aulx| T&
C 42 .628

H 5.498

0 41.147

N 1.42

S 0.893

DM EFAN(%) 19.812
2 2h2(%) 71.608
ASH(%) 8.580

=2 (%)MC 22

HHV(Kcal /kg) 4009.44
LHV(Kcal /kg) 3349.44

kI

D AH IR RpoA 4 =

O EIOBHA HiX| L2F TEST Z 1} 2 H sl x| Arej

FOHA K|
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400kW SHE-sgFM=

5. NEEA

Xl- == Hd 2 S AHOo| 10 & ni
4. SNE- sLRLUE E2EHUY SeAIH 21
52 = A= 5
O &g, 28, d2=H : KS B 6205, 89010 2|7 HAE Xl
- (2 1]
o M A
AlE &84 8 M A
2 E0AME AHE oA LSt 400kWE SAE - SUFLAE Ear o distod
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Al H g 4) A 1 KS B 8901 2020 SMEE AU
5) YHAIER : SUES SHATY, I HYAUTY
O AMHEE - A0kWE SHY-SUTME B22US HE MY 2. MHZ 29
AlBEA  FHEI 2A Al 8 =5 (2] Al " @ o
= KW 45533
e Al o2 89 Realn 3816954
5 B % 89.91
S L BE MEHE(NOX) pom 7592
AlEEN & uF 88 B= £ol oiz = S s H =
W = EE] 90,32
12 AHS maREIoAM HEE WS SAY-SHSAS 2angd 92 228 inwn ka/m 755
- = o aesgad 1 R o SAARYIE M~ ST e =aTEel Z]
g of B 9w L] Keal/kg ggz
3
2.
uRYNUY FEREAN B '
EEERIThanQ
400kW SRE-EYUPLE Ecmu =3 9B
4, NEA RS =

BYAH A A e
AE-HAEE =571y 77| E
SR 71590 00416991
oY 25 294 AT
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EESTEES b /RS R
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6. dEAHH AIY

6-1 Algety

HE 4HZ MY chZoll uEch

a) A8 =y

Helzje] dels Yool MEf £ iF 4H|o| JHE BE sz ok

b) &% Wy

Selafol AMa x4Vt CHHSAR WE MEH Al AlZI22 S0 AlY Al Al AlY #
B oAZe ol N A e oR NI IAE ZYS 7170 SAG SHEch okl AE H
SNE S| Mol ¢ MF ko] ARE 1/2 olY MR F FH UABE FFID, o
g 28 ol ukmsiol ik HHH grol A2t 1.5%0/817t SIUE el M WIAUE P3t
of ¢E 4H|HE MEdich

1) & 2|88 g 4
A-B
£ 1000

oz M#gich
-

ol2[olAd

Lo AS R A (kg/h)
A A AL AL 27 (g)
B AM ER A R (g
t o AIE AIZE(h)

2) )2 A5 MR SU|PSRRE HA YR 2H|YDe| X CHF o8 MERch

of 7|0l Af

Al BT WSS 7 (%)
L s AR MY (kg/h)

7. cHEEE A
7-1 Mg

a) AlE AlZE

M’é AlIZHS A8 AIEESH J(217F 25 HE defob 20{F wotx] Holk 2A[Ziole A
chah 25 2o0f s 2hol to|7h Xk aejol TEEIHE MR SHE AAlsch
=2 30% oldk 23 =Mstol Wt Algsict el Zzto| diste X3 Al AlS £E 1

B8 2siAl g F7I2 o 353 g5 25 9 o S5 TS Syt WIS oF
sk
b) Al =A

1) Alg =zde 084 =& olet S5
= 4ulol 71 HE A8

Bt ztx|=2 sto A ZAL| ofsf Fojl
defz 30, o BT PEE (8045)C =

My defold o
el&stol ol

L0 : BA €B 2413 (ko/h) 4+ UES B3, LY AT SEE U BT SERC) 15K-20K WA ZBCL
2) Lh BHRE Lje] $QHe th7| XIERAIS ZR 100kPa(MXXPI XIFSHE AL $to| olch
£2 29 1 Ayshs 2E)e| ez 27 sk, 7] Healel AR AlagHo 22
A alefolal Algieict cioh b2 HEols 25 338 SAlstolof wich
6-2 Alel 2zt o B u
1) Algue =8 We VD V2E 90 28 HI oM =" We v2E =3
Al 0¥ oE = ct g Al o® oo o] i steTel it 23 2EE FTHSMD, 2 AMAlsict
- 2) RE(Gh)2 284et Zol v—ﬂl'ﬂo\'—i TS
SHYARLHY ka/h 90.32 3) 24 wwe aH4 20| AlAH EE Mo g3 045 o
WA ZU XA B u| B ka/h 79.50 4) @4l che! REES SES| DYMIET £E e A3t ThsE
gk dido] Hofof ghch

254 LR

7. cheEE AY

7-1 Mgy
a) Al AlZE
AlE AIZE2 B AIEtlo] 71707t 2 "E defrt YolE witx] ol 241Zb0l 4 o4

= ot 27 REot g 2Tl Xo|7} LHE Mejo TEEYE HRE SHE HAIECH
=M 308 oy 23 SHSol Rats ALSEICh ofeh Zh2ol st S8 Al AlS E£e 1

28 T g FIIE Y 53 g 25 ¥ Y 35 £E8 SHE0 gog MF
gict,
b) AlE =2
1) Al =242 O34 = ole S5 Fxl2 ofof M=xXlo| ofsf Foial HE dejola of
B d|Fo] T HE A8 ez 31, Jdd 2T 2EE (80+5)C 2 dLsto] 2ofE

= AEE 5t o e 2rE Y B 2L ECH 15K~20K W EE o}

2) b ui B o] et 7| AtchAel A9 100kPa(M EAZL X ™S A8 S0l ofRCh
£S Z9E 1 XNd>ste Yo)el setez s27 st 7] 7MY A AlAH 22
A2 aefol M AlESict cigh, hah 25 HEols 25 ZZE SX|stojo} ot

c) AlE we

1) AgeHe =8 Ue Viz V28 o0 &8 HEE o TS0 = YW V28 =¥
stof chh ghepel Lhy 57 28 ZMED, AFE nRE AlEE dAsch

2) 2Gh)2 aB4st Zo| 2AH Mol FHAH 'ﬁ%

3) 24 WHe T@4e 20| A|ASH F=
4) OB4e| che HEE SEE| SHHAZIETL =

i &7 Qg

f 22 u deA)

9

g B

[
Ve

e

a8 4 — o & AY F(FYAY)

d) Hld4
1) e SA(H7| AEHA)E CFF 402 MESich
H=G, « C,(thy=th,)
0470l A
ook @3 (kw)
G, o ®YY E£E 37Y (ko/h)
G, 22 B, 1.16279x 107" (kWh/kg-K)

2% 8% (T)
r oty #F 25 (T)

2) Lh E(H) HWA)E ok
H=G, » C,(thy=th,)

4om Mg,

0f7] 0l A
H ek # 8 (kw)
G, & T (ka/h)
G, 2o HE, 1162792107 (KWh/kg-K)
thy kg @3 2% (C)
thy @ cte &7 2 (C)
M1 AlEshs Sob MEE oy S8 RS £1%E FXIslojof fok

I 2 FE FAE ALES Rl fH KR BiEHs AT 2T tistod
UTE HHEFc
ol x| ghel EHaH

1k = 1kW-S = 0.94782Btu = 0,23885kcal 1Btu = 1.0551kJ = 0.25200kcal = 778.16 ft-1bf

10 = tNm = 107erg = 9.478 x 107 *Bru THSR! =, 1888k = 3. qB0EI
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6.3 Al A

7.2 Ngdx
AEoE s e 9 Ad oz
[ =] kw 455.39
e kealfh 391635.4

<H|Z> 1. @8 43 @9] B4 0/h -> ke/s
cejeht ¢ 1kW = 860Kcal/h

1A]7F =3 83F : 12,0000 L
Lzt 28 93 Hel S8 (L - ke)

12,000 ¢ - > 12 i x 965.3 ke/m = 11,583.6 kg
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Co-firing Combustion Characteristics of Woodchip and
Spent Mushroom Substrate in a 400kW Stoker Type Boiler

1) Introduction

- We stu:
indust

the co-firing
| boiler (a).

Hyun Hee Lee **, Sae Byul Kang *, Jae Joon Choi *, Young lik Youn -
Kyt Won Kim 2 ,Man Soo Jeang ? and Jae Gyeong Byeon *
Korean Institute of Energy Research?

Kyuwontech?

of woodchip and spent

substrate (b) in a 400kW stoker type

- Type of boiler for burning is 2 moving grate burner
- Co-firing started after the combustion chamber temperature exceeded 850°C
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2) Result
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- Proximate analysis and elementary analysis of woodchip and spent mushroom substrate were performed
- The total fuel entered is 211.4 kg/h when co-firing, and the N content according to the fuel composition is 1.08%.

- As a result of the experiment, it was confirmed that the NOx values increased significantly

- 02 was 9.87%, CO was 98 ppm and NOX was 188 ppm
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Co-Firing Combustion Characteristics of Woodchips and Spent
Mushroom Substrates in a 400 kWth Stoker-Type Boiler

Hyun-Hee Lee !, Sae-Byul Kang ****, Jae-Joon Choi *, Young-Jik Youn !, Kyu-Won Kim *, Man-Soo Jeong *
y By 5 5 yu 5

and Jae-Kyung Byeon

chieck for
updates
P As a result of the
Chai, ). Yo, Y4 K, KW
Jeoru, M-S Byeon, | K CorFiring
c o

1 Korean Institute of Energy Research, Dasjon 34129, Republic of Karea

*  Kyuwontech, Gyeongsan 38572, Republic of Korea

*  Correspondence: byulkang@kier re kr

Abstract: Th firing isti ips and {5MS)

were studied in a stoker-type industrial boiler. The type of spent substrate intended for combustion
consisted of oyster mushrooms. SMS from mushroom farms generally have a high water content
Dryers are therefore used for combustion. The moisture content of SMS was reduced to achieve
low moisture to combust sufficiently at about 20%. First, the basic characteristics of the boiler wen

confirmed by awoodchip test under v loads of 30, 50, 70,
and 100%. Thercafter, a si test of woodchips and SMS was performed. During
h exhaust in the boiler chamber were measured, such

as the temperature of oxygen (O2), carbon manoxide (CO), and nitrogen oxides (NO). In addition,
industrial and basic anal; were performed on woodchips and SMS. The main differences in the
fuel analysis results between woodchips and SMS wen: ash, nitrogen, sulfur content and net calorific
value. According to the analysis, the nitrogen content of SMS was 26%, which was 8.7 times higher
than that of woodchips, and the ash content was also 14.8%, which was 18.5 times that of woodchips.

revealed that the values of

P the woodchip ex
O3 and CO decreased and the combustion chamber temperature increased as the amount of fuel
increased. Due to higher combustion temperature, thermal NOx also increased. When comparing this.

Woodchips and Spent Mushmam
Substrates 2 400 kWih StokerType
Busler. Energaes 2022, 15, 0096,

Tt/ /s o /100 300 (15239006

Academic Editor Andnes Stinde

Recusved: 24 October 2023
Accepuisd: 23 Novesber 2002
Published: 30 Noversber 3022

test with the eo-firing test, there was no significant difference in Oy, €O, and combustion
chamber temperature. However, with regard to the NOx value, the resulls showed a sharp increase
from 64 pprm to 135 ppm. Although the NOx value increased, SMS had enough heat to be burned as
fuel. Therefore, the utility of various agricultural byproducts as fuel has prospects for achieving an
effective approach to energy cost reduction.

Keywords: woadchips: spent mushroom substrate; botler; combustion; co-firing
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The boiler is a facility that is closely related to daily life settings and manufacturing
processes. Fossil fuels such as coal, oil and natural gas are widely used warldwide. As
a result, environmenital problems related to carbon dioxide (CO3), such as abnormal cli-
matic phenomena, have Therefore, it is necessary to increase the proportion of
renewable energy in order to reduce the use of fossil fuels. Up to now, wood pellet and
waood chip have mainly been used as a renewable energy in biomass combustion. There
are also many by-products in the field of agriculture, such as rice husk, empty fruit bunch
(EFB), palm kernel shell (PKS) and SMS. SMS is especially abundant in agriculture, and
its disposal costs are also incurred. So, if SMS is burned in a combustion boiler, fuel and
disposal costs can be reduced. To combust solid biomass fuel in a boiler, there are some
technologies such as: (1) a fixed bed; (2) a gasification combustor; (3) a moving grate; (4) a
fuidized bed combustor; (5) a pulverized burer and so on.
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ZHE MO SHMAE 2686 2013 T2 SEE2| HI0|2QufA 47E o|EX £
St CE.
<SURE T zTEQ o|lEM 2EY FH>
AEH | MAMEH(E) 2AE BhMA L= | O|2H R EZ(ton)
en | ama |3 E
ol= Be Xl
B | e
ZEg| 18,429 Hal g 1.23 22,668
= wHe| 29,986 22|13 0.662 19,851
WEHP| 12,046 Halg 0.69 8,312
1 27,130 U 0.708 19,208
o S5 80,465 =7 1.189 95,673
o 2 1,923 =7 1.278 2,458
c= 2 154,067 =7| 154,067
ZER| 0.417 64,246
- 10,875 =7 1.78 19,358
ZtX| 0.278 3,023
FAIF -
S 12,392 =7 5.8 71,874
E7 33,347 =7 6.14 204,751
. FAPN: 727,438 =7 0.18 130,939
oo} 329,516 =7 0.85 280,089
E P kS 117,816 =7 2.6 306,322
N 493,701 MY IIX| 1.316 649,711
f 282,212 MY IIX| 0.656 185,131
o ) 351,990 MY IIX| 0.27 95,037
zZ 260,280 MY IIX| 1.562 406,557
=sot 193,243 MY IIX| 0.367 70,920
A 8,909,489
2 MM sHMAE 0|85t O|2X REZEZ FollE Z2h, & 8,909,489ton2 2 F 4t
S HE(2F 4,314 E)o| 7H& ol LM =Act
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<HZAEHIO| 2o A M AEE
T XM CtHlo| ojf A gAY 2f
Sample SYHEME
(kg/10a)
Z=7| 653.8
+=H (Paddy rice)
Y 27| 118.1
Z=7| 358.0
o|= (Under rice
) vale |l 79.6
Ha| (Barley) =7 275.0
MHB| (Naked Bar ley) =7 298.0
ZtXE (Potato) =7| 131.0
5o} (Sweet potato) =7 646.0
=44 (Corn) =7| 566.0
=7| 168.0
Z (Soybean) f
=7| 70.0
=3 (Pepper) =7 294 .0
ZH7l (Sesame) =7 131.0
7 Z (Rape) HMH x| 305.0
At (Apple) HMHIHR| 1,899.0
Zt (Persimmons) NESPAON 350.0
Hi (Pear) MAIIX] 1.433.0
ZT (Grape) HMHIHR| 2,686.0
<5 "W ISMAES
Sample 2003 2004 2005 2006 2007 2008
“ K Y 4 1,001,519 | 983,580 966,838 945,403 942,223 927,995
=
HXT | =2t 609 679 661 664 630 694
| K ol 8,966 8,559 7,760 7,601 7,548 8,082
He
HAY |t 386 446 487 438 502 464
e o4 A 14,161 16,570 17,178 16,668 21,093 19,451
5o
WA= | 1,898 2,084 1,645 1,715 1,670 1,693
- X Y 4 A 80,447 85,270 105,421 90,248 76,267 75,242
HXT | =2t 131 163 174 173 150 176
o X Y 4 57,502 61,894 61,299 53,097 54,876 48,825
HXT | =2t 230 25 263 220 292 253
- Aejedx | 35,036 | 31,843 | 33,971 | 31,077 | 31,321 | 28,794
FNY)
HAT | =2t 34 66 69 50 56 68
oy K vl 4 26,398 26,676 26,907 28,312 29,358 30,026
Alz
&7 | =2k 1,384 1,339 1,366 1,440 1,484 1,569
H X Y 4 A 24,061 22,982 21,807 20,656 19,888 18,277
s]
HXT | =2t 1,316 1,966 2,033 2,089 2,350 2,576
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MARRE 7= e HAMT | 2=
e ML (Ton) 3 SRS ) SRS

S| et S A= -
=2o 0o El=Xa]
ArE ]| (Naked Bar ley) 104,750 0.94 93,834 0.662 69,345

SH=H2| (Beer
45172 1.077 48,650 0.690 31,169

Bar ley)

2 (Wheat) 15,024 0.751 11,283 0.708 10,637

70} (Sweet
368,324 0.288 106,077 0.368 135,543

Potatoes)
=2 (Soy Beans) 105,340 0.500 52,670 0.417 43,927
T+ (Red Beans) 7,102 0.407 2,891 0.368 2,614
Z=== (Corn) 76,336 1.206 98,931 1.189 90,764
M2 (Buck Wheat) 2,705 1.733 4,688 1.278 3,457
=5 (Green Beans) 2,035 0.500 1,018 0.404 822
103 (Red Peppers) 254,280 2.180 554,330 0.465 118,240
Aft (Apples) 535,324 0.221 118,307 1.316 704,486
= (Tanger ines) 629,785 0.172 108,323 0.088 55,421
2+ (Persimmons) 258,874 0.348 90,088 0.270 69,8%
=50} (Peaches) 210,345 0.260 54,690 0.367 77,197
T (Grape) 116,159 0.275 31,944 1.562 181,440
A= (Plums) 51,087 0.383 19,566

ZH (Sesane) 12,986 2.050 26,621 2.113 27,439
L2 (Peanuts) 8,219 0.491 4,036 0.278 2,285

HAE 2020, 90-113, SEFLAEZR

SHUMNES
gk 9, 2011, SYSE #jo
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7| HaBA EE fL 0| EMORT LT CHNS HAEAS MZo EXsts B

— =
(Carbon), =2(Hydrogen), &2 (Nitrogen), &(Sulphur), 2! At4(0xygen)2| &= 5l 24
?_

o
Bl
1=
N
m
D
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D
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o
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o
=
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=
mu
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¥
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(2) YxE4 A3
ALENT|S 0|B310] QojF AlRE el TS Eol MAE Hiet Zo| fjRE S

)7t 47% Wi el, $=2(Hydrogen) 7t 6% Li2l, A 4(Nitrogen)7t 2% Ol5t2 LIEHGCH M EO]
HI =8t B ALH BY K| 41~ A B B} K| #5& C,H,0,N,S =22 HT 37%, 5%, 46%, 2%, 0.2%2 Z2IZ}o|
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E 119 g4 24 Hz
Sample Carbon(C) Hydrogen(H) Oxygen(0) Nitrogen(N) Sulphur(S)
EHATH|HH K [#1 41.0561 5.331 43.084 2.657 0.19%
EHALH|HR K [#2 38.386 5.131 45.152 2.676 0.220
EHATIH|HH K[43 35.905 5.041 45.3%4 2.801 0.234
EHALH|HH K [#4 36.425 4.999 47.684 2.692 0.275
EHALH|HR K [#5 35.5%6 4.591 45.749 2.996 0.276
SEE 51.608 6.613 41.122 0.272 0
k=] 47.857 6.004 45.700 0.217 0
AFRERTHZ | 45.031 6.693 47.09 1.142 0.035
AR 49.534 6.433 41.382 2.504 0.147
ARREZ K] 45.757 5.934 47.139 1.121 0
FER| 47.915 6.056 45.533 0.646 0
AT 46.142 5.392 45.990 1.229 0
F3ft 44.,3% 5.688 48.718 1.343 0.013
S 43.375 5.293 49.076 2.010 0.245
e 40.933 5.376 52.251 0.553 0.146
ofal 48.723 5.504 43.472 2.045 0.024
ra) 48.723 5.741 44.289 0.863 0.091
A5 44,764 5.380 48.2717 1.048 0
UNEAE| 49.336 5.829 48.276 0.680 0
ARRIHATH 46.325 5.669 47.3%9 0.759 0
A 54.039 5.635 39.338 0.666 0
DT A 45.145 6.159 46.158 2.333 0.503
TO[0{dHX| RAW 41.000 4.946 52.992 0.582 0.409
T0|0fHHX| 48.498 5.131 44.434 1.368 0.538
=542 53.346 6.662 35.900 1.449 0.751
A= 48 .522 5.524 42.132 1.504 0.026
7K 45.803 5.567 44 518 1.583 0
> 46.789 5.693 44 149 1.108 0
=50t 49.493 5.862 41.472 1.558 0
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1.887
1.516
0.375

1.783
1.599
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4.157
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6.065

3.3385
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950°C 7% 750°C 3412t

123 SUEA ¥ T2 24 4ot
Sample DEEEN(%) BILE2(%) ASH(%) T 22HMC)
EHIE[#1 20.4698 71.8117 7.7185 65.28
EHH[#2 20.1547 71.4000 8.4363 60.18
|43 21.0064 68.3683 10.6253 61.56
EHH[#4 21.9476 66.4034 11.6491 67.56
EHH[#5 21.9481 67.2604 10.7916 24.46
EE 15.7360 83.8792 0.3848 28.33
k=] 17.3314 82.4464 0.2222 20.80
AR | 16.3975 80.0771 3.5254 86.61
AR 19.8937 74.3134 5.7929 64.90
AR EX] 20.7903 76.8224 2.3873 63.54
cEd 20.5678 73.6279 5.8043 27.67
MF 21.2081 77.4941 4.1153 2.51
Tt 25.8429 73.0427 2.7477 45.75
RS 24.9954 73.8607 2.3428 30.97
P 22.8738 75.8880 1.9470 16.11
ofAl 241924 70.6291 1.779% 11.55
z 25.4058 71.8466 1.6311 33.65
AT 23.8084 76.3213 3.0589 .77
A 27.73%8 75.9527 4.194 26.59
AR IHAIN 22.8738 79.8380 2.4707 2.3
R4K} 21.0758 79.7209 1.2292 33.58
e A ES 80.2439 18.4663 1.4301 13.36
HO|OHHX] RAW 17.4475 81.9128 1.6457 35.70
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tH 1=, 3.00]

85.82
6.52
43.78
16.98
39.73
12.92
8.81

46.28
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#* 137 sHFL=E PCAEA 21t

Sample grd=H keal /kg) Ash(%) Ni trogen(N) Carbon(C)

EH A HH X [ -1.07778 0.19854 -0.2055 0.08385
EHAJH R X [#2 -1.49236 -0.05689 -0.27587 -0.02477
EHAIH|HH X [#3 -1.96707 -0.09351 -0.20955 -0.2334
A HH X [#4 -1.93826 -0.0675 -0.01663 -0.26325
EHAIEH| R X [#5 -1.96864 0.14089 -0.29362 -0.36991
EE 1.62188 -0.56739 0.46983 0.35244
s 1.51824 -0.61717 0.23799 -0.25023
AFRERTHZ | 0.40785 -0.38337 0.11504 -0.06933
ARl 0.21421 0.92852 0.10012 0.44545
INFLESESPAN| 0.65537 -0.29585 0.02507 -0.09007
&R 0.74563 -0.34808 0.74411 -0.06435
MR 0.43843 -0.22754 0.21454 0.02115
Fafat 0.37516 -0.28262 -0.09655 -0.11493
o= 0.17724 0.17951 -0.47663 -0.20166
=2 -0.01326 -1.51124 -0.04824 -0.00586
ofad 0.64459 0.46653 -0.24075 0.35678

& 1.06032 -0.31717 0.21283 0.16385
RLES 0.60571 -0.30618 0.07036 -0.29529
N 1.08156 -0.18903 0.61656 -0.0117
AfRIHAIN 0.96537 -0.33581 0.20187 -0.28489
A 1.79096 0.0458 0.54348 0.41858
LR 0.91306 1.16438 -0.65551 -0.76275
TO|OfHHX|RAW 0.35725 -1.10336 -0.11762 -0.44132

TO|0{Hlx| 0.73728 0.00388 0.14287 0.244

SFH2| 1.50072 0.60872 0.22939 0.38847
N 0.94298 0.29699 -6.19E-04 0.02655
eVl 0.75276 0.35189 -0.12329 -0.39263
S5 1.05342 -0.01948 -0.03915 -0.26781
Fsot 1.01181 0.34285 -0.01101 0.17416
g 0.23371 -0.05994 -0.17699 0.35267

Hi 0.52236 0.0418 -0.22891 -0.1231

= -0.51857 -0.41383 -0.68835 0.54343
254 -2.82882 -0.42473 -2.11364 0.15041
EE 0.3366 -0.91666 -0.16945 0.43122
AITH 0.31303 -1.45353 -0.05445 0.26479
F4xm|ef 1.99883 1.58103 0.01996 0.04445
Fu(et 4= 2.18661 1.75261 -0.02677 -0.2438
Az -5.70364 1.45586 0.39038 0.60444
== -5.51106 -0.68283 1.39948 -0.36112
= -2.14346 1.1139 0.53524 -0.19455

PC 11} PC 22| gto| &= 80%E Z1fstEZ ESHE =Cl. THE B4 21, & 4032 A= &
CIE sYEAMSEC A E X 2, ==22] Ash 20| =7| w20l - &S 7K1 Jct.

=] [=1}
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J& AE 2™ 2H2fe| chE A|ZS0[X|2F 3000kcal /kg el LHE &S 12l AIRER J&3 = 0f

AL, O&F B A MK, SMELE J&5=t=0 A2, W LA 4424 07kcal /kgel

@2 LIEHCH OF Ce Hulein 4ERE 7420 AL e S2HEE I8 =22 &

T A2 Yo 2688.50kcal kgl 2 JHY 2 LIS AL UX|2 Bt Ash=Eo| 7HE =

2 @S 7KL ot 35 AE 2™ 2tZte| ctE A|ZS0|X| 2 3000kcal /kg CHe| wHZS JH

AN2E2 O53 =[0] A0l 7 3783kcal /kgOItt. & B= 2 MEIHA, SME2Z O3t
o

=]
ZAct. 3& Ce AHulunt 4ERE U500 AL DE FSEHERE O HASE & =

I 138 Group A

Samle a2 keal /kg) Ash(%) Nitrogen(N) Carbon(C)
AL HH K |41 3870.97 7.7185 2.657 41.051
EHAJH| K 2 3696. 11 8.4363 2.676 38.386
A X 43 3617.29 10.6253 2.801 35.905
HAITH X |44 3643.16 11.6491 2.692 36.425

AL BH R |45 3757.24 10.7916 2.996 35.596

= 3956.16 17.362 3.499 40.066

0 |o{ulx|RAW 4072.09 1.6457 0.582 41.000

= 4081.43 2.569 1.800 46.279

2 3654.31 1.488 2.260 42 430

Ay 3645.76 0.540 0.514 43.379

Z 3632.70 1.947 0.553 40.933

FEZ 3778.31 0.594 1.060 45.100
Group A B | 3783.79+164.21 | 6.281+5.32 2.008+1.02 40.546+3.34

- 166 -



I 139 Group B

Sample grod=H keal /kg) Ash(%) Nitrogen(N) Carbon(C)
FEZ 4322 .69 0.3848 0.272 51.608
z 4317 .58 1.6311 0.863 48.723
Azt 4305.54 2.3873 1.121 45.757
ZO|0{HRK| 4208.86 2.8317 1.368 48.498
TER| 4288.10 5.8043 0.646 47 .915
AR} ZK7HZ | 4186.28 3.5254 1.142 45.031
IS 4380.79 2.3428 2.01 43.375
U= 4368.63 3.0589 1.048 44 764
INES 4396.71 1.7796 2.045 48.723
1] 4402 .69 2.138 1.599 45.248
A 4431 .51 4.1941 0.68 49.336
ARIHAIM 4463.79 2.4707 0.759 46.325
3 4522 .88 0.2222 0.217 47 .857
=50} 4537.09 1.783 1.558 49.493
S5 4602.15 1.431 1.108 46.789
=52 4692 .05 1.599 1.449 53.346
7Y 4691.91 2.849 1.583 45.803
Group B B 4424 07+139.74 2.379+£1.30 1.145+0.52 47 .564+£2.50
* 140 Group C
Sample grd=H keal /kg) Ash(%) Nitrogen(N) Carbon(C)
LE 5192.83 1.4301 2.333 45.145
7{u|et 5337.48 1.015 1.979 55.156
et 4= 5575.45 0.828 1.949 54.781
Group C Gt 5368.59+19.20 1.091+0.31 2.087+0.21 51.694+5.67
¥ 141 Group D
Sample 242K keal /kg) Ash(%) Ni trogen(N) Carbon(C)
S5 3117.98 2.231 4.160 29.01
H= 2637.75 28.251 6.065 31.716
== 2309.77 30.424 3.335 25.917
Group D H+ 2688.50+406.5 | 20.302+15.69 4.520+1.40 28.881+2.90
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Hydrothermal carbonization improves the quality of biochar derived from | %%/
livestock manure by removing inorganic matter

Eun-Suk Jang”, Do-Yoon Ryu", Daegi Kim "
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Application of the hydrothermal carbontzation to upgrade the
biochar from mushroom waste badge

OSunyoung Woo' + Yujin Ju* - Do-yoon Ryu’ - Daegi Kiz**
‘Department of Environment Enginsering, Daegu University
?Department of Environmental and Chemical Convergence Engineering, Daegu University
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The characteristic of Agricultural by-products to
apply the renewable energy
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Fuel properties of agricultural by-products generated in Korea
using Principal Component Analysis
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