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N:0¢] vi=d-& vhelgfolel o3 AAFs
= Bl wFeA wiEEH AR 1913 W=
oA Y&t (Noboru Tanikawa et al, 1995). 1 H AL A2l N,O viE
< F VA BAARZE T dold F Aok A5 daAAHAAN AHHE=
NoO9F NOxE #|A3E7] 913k SCR(Selective Catalytic Reduction) Zvj3-4 o
FH AAEHE NOE 788 4 AtHAEY, 2013; Correa,S.M., 1992).
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NH + NO — N,O + H D
NCO + NO — N,O + CO ()
O + N, =2 N,O 3

SCR g4 o8 N,O ME& NOxsh SFRUolNHyTke] ¥hg oz
B NO7F BAHE A9 Noxg Astr] Aste] BAAZ AgHE
BUobt wE F EASE Ak Westel N0 AHHE A folt,



ol2|3t N.O= w& daatst=ol Hls| st thr] Fold of 120 ~

5 A9 Aol ols] BalHAL SadAel Wgstel NOB A BTOIER,
2013). NOE The 4() ~ 26)3} 2L vl ofs) waja.

NgO"‘hV%Ng*‘O (4)
N,O + O — NO + NO (5)
— Ny + O ()
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N,O =74 e 3333 (Photo-acoustic Spectroscopy, PAS), Bl&
k2 2] A ' (Non-Dispersive Infrared Method, NDIR), 7}=Z ZwlE 783
(Gas Chromatography, GC) &l A= itk PAS, NDR ¥4& F2 )
UM dAFHR WEsEE EUEZPSH] Hsi AHEH e, GC
WA w717 2E AF sk AP HA EAsks HIdAESH waom AL
%12 91 tHSoyoung Kang, 2014).

B Aol ZteaznEadq s FSFE3R e o183t Wood
Chip A2A2dA HEHE w7729 N,O 55 ZA3ac)

1. 723 2uE 183 H(GO)

Chromatographygh= %2 F 7HA] o] Aoz d =28 ddA47
o=z FYste 7IHelth. Edstax e B 4 AR 1A
(stationary phase)¥} ©]s*Hmobile phase). 2 T 24 EXx3}+=4|, o] X

o] Afolo] ZABIA 7t o] FojA= Aot} olFFoEE VA e o
A, 1o zes AqA e dAZE AHEFHIL AL o]Fde] 7AYo gas
chromatography(GC), 9§Al¥ wj+= liquid chromatography(LC)gtar ko).
7V2~zmzvtE 239 (Gas Chromatography, GC)& 7149 58 ol A
BE FYstY I 35 HoA ARUHY dEES 2NV oS HE
st AA 2 AZFEA S Fdste EARH A E, 1999). 7t~A =)
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ke
Ao, 2004). o] Al Fmdd AT FrIE WAz "ol YA,
T EdA dAE H3 F
ghbe 7]1A F(gas layenoll Al EAsk= /ol tHMcClelland et al, 1996).
FSF Az ARG AHHQ FS3F dAY(direct PA generation)3}

A0 FLe TA(ndirect PA generation) ¥ 7HA 2 A¥E 4 )

A3 F719 &34l S(acousticsignal)7t &2 3}

AR Bew BAL NS F4F B Aol A Felastic wave)Z

7|(piezoelestric transducen)& Ab-8-3te] ol Wiolty. €2 w434
(termoelastic process)® d3HiHheat diffusion)o] ¥HESUE X EH2
(vibration almode)S QIA|8t= PAAaA7} vlo]ZZEZHT SFAIZF] W2
I =7 w022 Hx(pulse) FoFEd ol Asith vk, HIH S
WS 339 a3kphotothermal effect)E o] &3t A8 FH L% WH3lo
w2 71419 = (pressure)d} =7 E(refractive index)e] ¥H3lE R Aot}

714 el ik F-2EFH(Photo-acoustic  Spectroscopy ,  PA!
Viengerov(1938)¢} Luft(1943)o] o3 A& o|F t& 3ol Hs) =
(sensitivity)7F EH v} 7141 ¢] o] kA ZH(relaxation time)<= A 3=t ©Wol

AHEERAL, e 99 HolAE EUToEA HS T A=k Y
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A(selectivity) & 7HAIAl FHo 714 43 F7] A& FHHASHA o] &5
ER

of T dZ, 2008). FSFEFHL 7|A|, HA e IAANEE =8

o mE 2do| 57

A
o] edith na & HolHE BUOE she] WAHE T el A=

FSFERP 2 ABVEE /bsA S0k AAR F7] FAN B

el A=
o] AFgEH 1 9o m(V.Koskinen, 2006), ©]%
o] §F3slar, AAZF =Ho] 7HEd EAHO]

A7} ppb(107°) wRk7EA] W27t 2w % 7 Z(trace detection)
S

2 Foistr] &olsta, AAA
2ltHYoojin jung et al, 2012).
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A3 Wood Chip

Briquette) 52 FEjZ o] &Ht}.
o] % Wood Chipg tidoz B AFE 1339

1. Wood Chipe] #<] 2 &2 7|&

Wood Chipe HEAE Alx ¢8 2L A5 A4S 523202 Wood Chip I}
A7NE ol g3t HA HAgE EAzZbE ou (A E4A, 2014). Wood
Chip& Hlo] @ &= A F(Biomass-Solid Refuse Fuel, Bio-SRF) % 3}ut
olm, ‘A AofH AFE FHxlo| #I WHWE’ oA Bio-SRFe FE7]
=& A Ao FEVELS (F 2-DollA B kel gk

A7l 50 ~ 120 mm, & FF> AP A5 10 wt.% olsh, HAgdPd
745 25 wt.% olsteln, AddeFS 3,000 kcalkg ol o2 FASAL Ut

ol#]d EA7|EFS utg o ® Wood Chipe A #HEAS Ad=ZH7E, EH
2z Az + Jdok H5AE2FEH A xst= Wood chipe] 49, =4,
EAS} e ol EEY FEEE F"o] gle HAAHA &F, HAE, S
= FHet] A4S A, o] A FE Y Wood Chipe A4 4
a8y AdEHAVE 2 BEAZ Wood Chips AFde= 4= EARY

¥ o] 7] wjEol $e] Wood Chipe A4-shes] @77} 9ick
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(E 2-1> nlol & 18 2 A Z[Bio-SRF)e] ZA7|=

A =4l 43 EEE
mok W 7] o5t 273 50 o]s} = 120 o] &t
T e A o] 100 o]a} P 120 o)5}
e wt.% ©]3&} 10 25
AL & kcal/kg °]7¢ 3,000
37 wt.% |3} 15
g wt.% ©]3} 05
& wt.% ©]3} 06

2. =Y Wood Chip €3

A - AT A BgFA(ldA R, 20140 w=H, vkt
20 - QA A] F vpol oA FFHIFS 5.3 %2006 7]E)eAl 15.8
%2013 71#)2 AEHHQ F7FAl Bolal ok Hiol oAl FRFel=
G A7k, vho] 2y Al Wood Chip, HADE, steed A LIRS0
Fom, o] F Wood Chip A4FgF2 20101(132,230 toe)FH & Fo=2
7Vst7] AFekR T 2013 71 Wood Chip & A4FEFS 168,466 toe=
2006 Bl °F 97 % SUistR o, 2012\do] RPS A|xe Ejo= 3%
Wood Chip A4ke] A &2 Q1 F7H7} o & o

180,000 -
163,022 164,542 16R.a55.

160,000 -
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60,000 |

40,000 |

20,075
20,000 - 13,320
5 o R L L
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2. ¥i7|1 7k AFH Y

Wood Chip AaAAoA vjE&E+ vj7]7F2~E EPA Method 18(US EPA,
200Dl whet AH AT dRbF oz wjEAd e w77k~ + 10 m/isec ©]
e £E9 100 C o] 1o E HEHEE ANEAHTIL o|HT F
&3 2ro HE F Ae 2EJEA = AEE AFst] AHESHATH

ANZ ANHE <aF 3-DelA R upel o) Tier 3 Methodol wE
7k WjEF AR S i e AERAHTS S50 A3 & 21FE Lung
sampler(ACEN, KOREA)?} 10 L& Tedlar bag(SKC, US)& Al&3te] AlRE
ANHAsEATE olw wiZ|7bzol 23E FES AAGY] Y5t b 2 A
A ol FEdstdas B3 FEHES A FES AASGAS dE
4 e ARE AFHAGY] fste 59 Bt 1A PR F 327 AR
£ AFAsAT AHE AEs Aol wE FAES L8] f& A2
A B H#Ag & A5

of A3 & AESZAHIIE dAstA w7I7FAE 2443 A& R SHS)
Atk NO9 HiEFe A4 54 9 =1, 7|4 84, I ol9d=xE o
ale g weon dE AT vme 247t oF BRa |
(Mandatory Reporting Rule, MRR)oI A= #H7 & &£Z7t2 AR AAHAE A
L0 8 24N NEE FHT 5 flojof v Wrlsta vk B AT
AME olHF AR LHsle] 2443 dHo® 5d S wirIVt=E &
Astd .

717k~ T N0 A9, AN FRAIAE 7 $83% 8108 A&
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106 ~ 110 C¢ <2 E(DAIHAN Scientific)ell A1 Wood Chipe] A WH3}7}
0.01 % ol3t7t & wi7}A] 4A3F o) A=zt Wood Chipe] dx= A ¥
At Az = FFd FAE F88te] 29 S ot Ax F FA=E

o] Wood Chipﬂ ArEdFS AHgstdn. oluf Al5¢] A= 0.0001 g
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B AFdA = Wood Chipe] 4 e 7437 fl8] AFdLEHT]
(Thermo Finnigan-Flash EA 1112, USA)E o] &3l1on, A
~ 20 mgo &2 mzES FUsH7] W 0.001 mg7tA] A=
<=(Mettler Toledo, Switzerland)& ©]-&stdth. T4 7|9 AAF 212

<GE 3-1oll Al s

GE 31> AFA2EA7 o BA 21

Analytical Condition Elemental Analyzer
Detector TCD
Column ParaQ-X, 2 m

Carrier gas (He 99.999 %) 140 ml/min

Flow 0Oz (99.999 %) 240 ml/min

Reference gas 100 ml/min
Furnace 950 C
temperature Oven 0 C
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5. 4= £ AdA Bt

Ll

A FEA g M-S R 3l dAZF EIAIEE WHE
25t QAL HrEeA Y. £FA 5+ Benzoic acid(IKA, ZHE = 6320
+ 9 cal/@E AF&3tR oW 53] HEE BEX3 Ails (B 3-2004 HE HE

ZH2HSD)= 5.81, AEZFH=X

-

ol 7o}, wrAdge P 6,324 keallkg,
(RSD %)= 0.09 %= 53 AIAHES B

X Bt Az

l-l (

<R 3-2> TEFEA7] Al

EFEAR EE=A59 A F <4 FF(kcal/kg)
1 0.5369 6,327
2 0.5356 6,330
3 0.5397 6,317
4 0.5420 6,319
5 0.5349 6,328
Mean 6,324
SD 5.81
RSD(%) 0.09

HAEEA7Y A HIHE 95t 2FA15 BBOT(C=72.52 %, H=6.09
%, N=6.51 %, S=7.44 %, O0=7.43 %)E A-&3tAtt. ANIAF H7F FHS £F
NEel R FHL PP AR P da FEL qdaA e

Unknown A& 270 & Z+7 BXste] 1 A3E Hlwskih



<AH 3-DellA BHe whep o] i FFs dHd BEA
ol FFe 247 7252 %, 6.09 %2 EAHG oM, A
A ¢k Unknown A 89| ¥hael F49 g 7246 %9} 6.08 %=
YT B4 AHE BT

80
70
60
50 4

7252 7246

w standard

= unknown

40 -
30 -
20 -
10 -

Content(%)

609 608

Element

(13 34> A2RAY] AR Hrt A

o YR AR B}

THEANY AEAR Hrl= EFFAE 0.75 % Sulfur Coal PROX-X, 3 %
Sulfur Coal PROX-X, 5 % Sulfur Coal PROX-X(IARM HC30075C, IARM HC
30500B, Dry Basis Analysi)E A&3stRom, &4 A= <& 3-3> e
Ry
Zb EAEE 2FHAED)E 3EEe] 0.07 ~ 017 %, &2 0.02 ~
0.15 %ola, 1A TAE 0.13 ~ 0.30 %=EA 73 AAdS YEPAT



® 3-3 FHEA7IY A8 B A
Contents (%)
sample type Weight (@) Volatile Matter Ash Fixed Carbon
1 0.954 34.37 6.79 56.58
2 0.959 34.24 6.99 56.68
0.75 % Sulfur 0.958 34.09 7.09 56.83
coal PROX-X Mean 34.23 6.96 56.70
SD 0.14 0.15 0.13
RSD(%) 0.41 2.18 0.22
1 0.973 35.31 8.52 54.81
2 0.996 35.61 8.55 54.49
3 % Sulfur coal 0.958 35.33 8.56 54.78
PROX-X Mean 35.42 8.54 54.69
SD 0.17 0.02 0.18
RSD(%) 0.47 0.25 0.33
1 0.965 30.88 20.59 46.67
2 0.950 30.94 20.76 47.23
5 % Sulfur coal 0.959 30.80 20.58 46.73
PROX-X Mean 30.87 20.64 46.88
SD 0.07 0.10 0.30
RSD(%) 0.22 0.49 0.65




A5E wj717v s F= 4 HH

1. N,O B4+
7}, 7b2azutE 2 39 (GO)

JV2zmEntEd g9 M (gas chromatography, GC)& 7|7t 2~E =335}
of APHAA EAte vHdEH P02 ARG TE NoO 40 o
Zo 7 o]gE= HZE7]= ECDElectron Capture Detector; HAFEEH
7DelH, B AT % GC-ECD(CP-3800, Varian, USA)E A}&3Fa] N,O
TE BAEYT AFRE E47]e] EM AL (I 3-4>9F 2}

ZAH & Porapak Q 80/100&5 AH&3taiar, Rb7F~ 2 Hpof FiFe 22t
0 ml/min, Air= 300 ml/min= AAH3AT As FAF, 28, =79 =
== 247 70 €, 120 T, 320 TE AASPon, LutaE aew

N2(99.999 %)= A+&3tATh.

off

it

w

GE 34> NO 42 918 GC Bz

Analytical Condition CP-3800
Detector ECD
Column porapack Q 80/100
Carrier gas N2(99.999 %)
N; 20 ml/min
Flow H, 30 ml/min
Air 300 ml/min
Oven 70 C
Temperature Injector 120 €
Detector 250 C




. F5EFE3HPAS)

Tier 4 Methodoll @& N,O HiEZFES 4AHAH3sH7] 98l NoO-4405(LSE
Monitors, Netherlands)E ©]&3le] Wood Chip aAlAolA wlEE+= NO
A3k T 3-500 A BE upe} Zo)

AE Y fEe 80 ni/mine® ARSI, 4 A% AR LE: 2

=
o 4

i

A%x o

. NERe <&

A
i

7y 35 C, 5 ~ 25 C, Scan rangetw 1277.847 ~ 1279.548 cm™ 'E A A3t

LSE N;0-4405& H,0¢ CO; SO, & HdEH JaFs WHormz olE
A AsL7] 28] Molecular sieve(SIMGMA-ALDRICH, USA) trap3} Chemisorb
S(BETE, BELGIUM) trap= A& FUHF At AAse] P EA 23k
FEFs HAS S

G 3-5> N0l A4 Z9¢ 919 PASe] ¥4z
Analytical Condition LSE N»0-4405 Analyser

sample flow rate 80 ml/min

sample temperature 5~25TC
pumpspeed 42 %

Tqcl cycle scan 21 ~25<C
Current through QCL 0.65A
temperature measurement cell 3BT

Scan range 1277.847 ~ 1279.548 cm




2. A= (QA/QO)

2 dFolAe BEE7I2E ol&% NO &4717] A=A E Al A=
g2 xWoe ¥&7lx 1, 3, 5 10 ppmRIGAS, KOREA)L FZ=7b

Cylinderell A/l 10 L &&2] Tedlar bag(SKC, US)So.2 o|F3t3 T ojuf Al&
® Tedlar bage Wl Fol Folde vFe HEEo] ZFEI/ B4 mA
= 9FE HAags] e 1S FA(99.999 %)E o]g3ted 33 o] Al

At MY EFEVFEE A 53] oY WbE EMstu HREA

L

(Calibration Curve)2 2tAste] 24
gt 59 EF7I2E 103 HbE EA3Lo =4 wEEAd(Repeatability) S 3
7}t .

=3 A (Detection limit, DL)E T38t= WWH-E AlZA Bk A3 =
W, Als(signal) o F(noise)oll SASHE W, W89 xFHA}F AR

Hel /1871 2ASE W Fol Utk B AT W EEAs

(Linearity)& #<elstgith. =3 5

(o5

=33 X o0 /S 9
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<& 3-7> N,O vj=A4 424 worksheet

Step 1
lem Carbon of fuel Hydrogen of fuel Hydrogen of fuel Total
(dry basis) (dry basis) (as received basis) moisture
sub-Item @ @ ® @
Unit % % % %
Calculation @ X ((100-@)/100)
Step 2
Gross heating i
ltern value Net heating value Fuel consumption Heating
(dry basis) (as received basis) rate output
sub-Item A B C D
Unit kcal/kg TJ/ton ton/hr TJ/hr
Calculation (A6 X @@ BxC
% 4.1868 %107
Step 3
Item Volume concentration Mass concentration Flow rate
sub-Item E F G
Unit ppm mg/m? m’/hr
Calculation E X (44/22.4)
Step 4
Item N2O emission N2O emission factor
sub-Item H I
Unit g/hr g/T]
Calculation FxG/10° H/D




2. Tier 4 Methodol| W& W& 4-4 W

obe] 4 (100l oJs) AR MjEFL e
Eyo=KX Ny, X Qux 107" (10)

Ey o+ NoO Hll = 3(g N:O/day)

N, Oy - N,02| 30 Bas=ppm, A7t 719)

AN

Q.+ 30% At FEFOM) (AdxTts 718

K : WA (44/22.4 (kg/m?)



A4y A7 A3

Ald A5 B4 A3

1 TEFEY 2%

0~21<, 94 16~18<) A5 Wood Chipe]
of AT & 3279 AsE A7 3

F 4=l AAIsFA T

drd 2o 3982 ~ 4,075 keallkge] MY E BAHY

FEUAE 4378, dHlEEHAE= 109 %=

dF= IPCC GLAAA Argshs EdFo= &

gk A, 144 ewrd#Fe 3505 ~ 3,589 keallkge] M9E RAE L,

W2 3,538 kcallkg, EFHAE 36.90, AEEFHAE 1.04 %= YES T

=
o
o
(@)
O
=.
LS
o
nY
1>
ol

l

N
&

<} 4-1> Wood Chip Algo] W s Ay}
9] : keal/kg

4 A A4 FTELF A &EdF
1A} (€ 20¥), n=6 4,067 (£97) 3,564 (£97)
221 (8¢ 21¢), n=4 3,987 (£170) 3,505 (£183)
32k 9€ 169¥), n=9 4,041 (=49 3,507 (66)
42+ (94 17¢), n=9 4,075 (£99) 3,589 (£13D)
52k (9¢ 18%), n=4 3,982 (£62) 3,527 (£98)

Mean 4,030 3,538
SD 43.78 36.90
RSD(%) 1.09 1.04




2 AT A 4HgE Wood Chipe <

A A8 = Wood - Wood Wasteo] 4] &2 E® 5 AFAT9] <A<

I A B AFA 48R <
IPCC G/Lo|A A A Q14=2]

A rd e 3,538 keallkge &2 2006
283,726 kcal/kg)X2t} 188 kcallkg S*

2)
a7, o]l ¥F@201DY A2 &= 23,463 keallkg) ¥t 75 kcallkg =A 4t

AHAT. olAT A5 2uAFe] fole F/bE R FF7 B

©$] : kcal/kg

T A2 &g s 33k 3k
2006 IPCC GJ/L Wood - wood Waste 3,726 1,889 7,404
o] ¥4 <#(201D) Wood Chip Fuel 3,463 - -
2 AT Wood Chip 3,538 - -




Wood Chipe] g =S &itdsfo g 34kel7] fsiAl= Wood Chipol
T4 ko]l Basith oo whel Wood Chipel ¥4aEAS T il &
&, A& e FASAT Ase 47 33 iiE BAE o, 0 A

3
I
J
4
P~
i
ol
rlo
o1
9
?
(@)
O
=~
NS
fu
T
-
i)
32
i,

3, B 5.68 %, EF
2 Az T 294 -

HAAE= 0.15, AUEFAAE 259 %2 JERG 2) 5)
A}

350 %2 BAHAL, BFS 324 % T2
6.30 %= ebsi}.
o813t Ay FHAATYE BuAQ00NDAA HEAZS Az
A3k AnHEas FFS 44 ~ 46 %, FA FFL 5 ~ T B vwEA
W AR ATE Hol: Ao Lehio

I _\IL

rl

rfr
)

0.20, “th

=3
rr

==
LN

o

il

AN

tlo

)=
hu

<3 4-3> Wood Chip Al&9] Y4&EA A3

=% %
=3 9x 2(0) F24(H) A 2N)

12+ (8€ 209), n=6 44.23 (+£1.27) 5.62 (+£0.23) 3.32 (+£0.83)
221 (8¢ 219), n=4 43.00 (+0.53) 5.62 (£0.09) 3.19 (£0.50)
32k (9€ 169), n=9 44.55 (£0.75) 5.67 (£0.14) 3.27 (+£0.56)
42 (9€ 17¥), n=9 45.67 (£1.04) 5.94 (+£0.15) 3.50 (+£0.25)
52k (9€ 18Y), n=4 4257 (+1.63) 5.57 (£0.23) 2.94 (+£0.35)

Mean 44.00 5.68 3.24

SD 1.24 0.15 0.20

RSD(%) 2.83 2.59 6.30




3. THEH 2H%

Wood Chipe] 12, &, 24&2 FFS SAs] A8l ANEE 44

3% WhE 24 shlon, I A (& 4-O0A Hes bkeh o

<3 4-4> Wood Chip Alge] Fd&E Ay}
=] %
=4 47 3 3 & IR ot

134 (8€¥ 20¥), n=6 72.01 (£1.18) 5.19 (£+0.56) 18.52 (£1.60)
22} (8¢ 219), n=4 72.48 (£0.93) 4.38 (£0.25) 17.89 (£1.2D
32k (9€ 16¥), n=9 72.82 (£1.4D 4.91 (£0.9D 17.75 (£0.84)
4z (94 17¢), n=9 73.31 (£1.89) 5.22 (+1.30) 18.68 (£0.67)
5z (9¢€ 18¥), n=4 71.50 (£0.54) 5.39 (+1.64) 17.98 (£1.09)

Mean 72.42 5.02 18.16

SD 0.70 0.40 0.41

RSD(%) 1.00 7.89 2.26

— 41



A2A w717 2 B2 B4 A

1. GC<} PASe] A=+ (QA/QC) A
A R R A

2 AFolME BF7FEE o] 83 GCo PASY A=HE Sl A= o
1, 3, 5, 10 ppm(RIGAS, KOREA)& xF7}2

Cylinderell Al 10 L &<} Tedlar bag(SKC, US).&2 o|F3tA Tt ojw AL
H Tedlar bage WFol Foldle mFY AEEo] HEF7I2 40 v A
 FFS H4EE] sl s 2 4099.999 %E o83t 33 o4 Al

Aoty 4le) ®E/2E 27t 53 o4 wE RBAsm Al

S

(Calibration Curve)S #Adste] 244 (Linearity)S <184t}
O A, <Y 4-DolA BE ulel ko] PAS9F GC EF R*=0.99 o]

o HHYS AT UL

-
]

+GC v =1.0885x - 0.4385 n
R? =0.9929

[
=}

y =1x - 0.0002
R?=0.9996

oo

Measured concentration(ppm)
[=2}

0 2 4 6 8 10 12
concentration(ppm)

<1¥ 4-1> PAS¢} GCo| A4 B7}



o

SRLIE R

7}

kB4 (Repeatability) H7H= SY§ »%(10 ppm)e] F&7F2~2 103 u)

5 E4%to] AAEIAT PASE ©]&3ste N.O =5 S43 Hd@e

op

0.02, AEZ=Hx=} 0.23 %= L}E}
Uttt 593 529 EFEVIAE BA3 A PASY Hi =& 1046

ppme & GCeo ¥+ = 10 ppmEth 046 ppm =A FAHIUSH, A9

I GCo dug=EsHaEg ti T

PASS] A= A3 AT(MGOMES DA SILVA, 2006)¢] wH&EA Axjel 1 %<9}

FALEHA UEebsta, T oubd 25 SO 1564004 AAE AFA 3.0 %Rt
3

=2 FFO| AT

@] : ppm
4 3T 3533 H (PAS) 7t2azekE 239 (GO)
1 10.25 10.03
2 10.33 10.01
3 10.37 10.01
4 10.52 9.98
5 10.53 9.99
6 10.43 10.01
7 10.53 10.04
8 10.58 10.00
9 10.62 10.00
10 10.47 9.96
Mean 10.46 10.00
SD 0.12 0.02
RSD(%) 1.12 0.23




. AEA B}

¢l : ppm
Measured Concentration
Method Mean SD DL
1 2 3 4 5
PAS 0.989 0.977 0.986 0.996 0.997 0.989 0.008 0.025
GC 1.025 1.034 1.070 1.041 1.009 1.036 0.023 0.074

PASE %A om ZAste WPolng, @434 A Wass NO ¥5
of thate Ms wgalol Bk wekA EE7EAW, 5, 10 ppm) =M

glo] W FUF SEANT A SEASE 42t RS B35
PASe] H% LGAE 37 26%E5 HolAW ZEFEIVFAE 1 > 5 — 10

ppm £02 Z4AA Z7te] BE Ws] wE Z7 SRARLE Topr



ol&= AAZt &Ao] 7153 FTIR(Fourier transform infrared spectroscopy)

oy} 50%9] SHAIZFS Hol= Amperometric HohsE oA 71 SHAIFS

FuE easts HE FE WAl 2 H N E 2244 B4 A% =

Aot7lel A9 Zoew dddn

-
=y

10ppm

=
o

Sppm

Measured concentration(ppm)

lppm '

10 40 70 100 130 160 130 220 250 280 310 340 370

O B N W A U O N B W

Time (min)

<IH 4-2> N,O F=®sto] @& PASY SR



2. #j717k29 NO &= &4
7} GColl 2)3 N,O &= #4(Tier 3)

Wood Chip &AM &= w717l29 N,O 555 A3 9
stod, Lung Samplerg ©]&3st Izl Als AHE LA 14X
Ao & ¢ wiZIZEEE AFSAL, AHAE vV AP A
GC-ECDE o] &3t A3t NO v5+ 747 53] BA% HHFaS A
g3t om, I Ads <a9 4-3>o] YERITH

NO 5= HA#HO0F 3 ~ 4 ppm &< Ao 2 BAHQ o, 33 4
FJO/M16)A E4E N,O == 2.67 ~ 6.01 ppm, 43 A HO/17 A= 2.09
~ 6.28 ppme] HMHAE A& F& 5 UAE Holi Ut

G 4-T>2 AAFHE vi717k2=9] N.O F 3 +(3.08 ~ 3.89 ppme
2 Jehd otk 2A7)7F ¢k N,09 Hi H% & 3.57 ppme & e}
wor, kFUAE 0.33, AEFHAE .27 %= E4FH AT

== 1X}(8/20) == 2AH8/21) 3Ab9/16) == 2 AH9/17) === 5 A}{9/18)

N2O concentration(ppm)

g 10 11 12 13 1z 15 16 7 18 19 0

Time (hr)

<1¥ 4-3> GC &A% N0 5%



(E 4-7> GC-ECDE o] &3h u]7]7}29] N,O =5 24 Az

©2] : ppm

=4 dx T=
12} (8€ 209), n=6 3.85 (£ 0.52)
22 (8¢ 214¥), n=4 3.44 (£ 0.10)
32 (9€ 164¥), n=9 3.89 (£ 0.92)
4z (949 179), n=9 3.60 (£ 1.29)
52 (9€ 18¢), n=4 3.08 (£ 0.64)

Mean 3.57

SD 0.33

RSD(%) 9.27




. PASE ©]&3F N,O 14 S (Tier 4)

59 & AL A3 Wood Chip daAAe] N,O 55 ths <3 4-8
d 4-4>, <Y 4-5>°0A4 K= nupe} 2T

O #%+& 144 ~ 1546 ppme] HHAE SAHEHJ oW P 4.45 ppme=
UESRT 4% SAHT NO s5= 3 Al ARt 5571 =4 Yehds
7Aeke Holm, 4x49/17, 22:35) AFANA 14.17 ppm, 5xH9/18, 04:20) A3
o] 15.46 ppmo 2 N,O F%7F =4 4=
HBE 9 AZOAISMBAD 22X E B 900 Coldo =2 3= 1w
&5 e CO $5v W+ 3 ppm °J3tE &&=, N.O 571 A=

7 A9 2EUE+ 750 CT7HA] Z4stal CO %+ 10 ppm7bA]l 5

)
&

7HA AL & F A o= 4™ Wood Chipel 948 w O7F R=3}
AY £57F YolxHA B4 AdAZE A3 NoO 55+ =4 S=HE Ao
= agdEn
(E 48> 9% 24 53 NO ¥= 84 43}
2] : ppm
=3 A=t Mean Max. Min.
12+ (8¥ 209) 4.44 9.05 2.41
22} (8¢ 21¥) 4.53 9.06 1.75
32k (9€ 169) 4.04 7.04 1.44
4= (99 17¢) 3.85 14.17 1.68
53 (99 18¢) 5.41 15.46 1.58




Concentration{ppm)

20,00 -

16.00 |

1400

12,00 |

1000

B.00

6.00 |

2.00

0.00

400 | %y . W
_ Bprsiomy

FNOEE " NO30EEASE

Y

14-8-2012:00 FM

14-8-20 6:00 PM

14-83-2112:00 AM 14-8-21 6:00 AM

Time

(Id 4-4 N0 55 574 23464 20¢ ~ 21¥)

14-8-2112:00 PM

14-3-216:00 PM



Concentration{ppm)

* N;O ST *NO30EEA 5L

20,00 -
18.00 |
16.00
14.00 * *
12.00
10.00 |
8.00
000
400

2,00

0.00 1 1 ] 1 1 1 1
14-9-1512:00 PM 14-3-1612:00 AM 14-9-16 12:00 PM 14-3-1712:00 AM 14-9-1712:00 PM 14-3-1812:00 AM 14-9-1812:00 PM 14-3-1912:00 AM

Time

(1¥ 4-5 N0 5= 574 23094 15¢ ~ 18%)



GCe} PASE

)

ot GCe} PASE o] &3 uj7]7t2=9 N,O % vl
Wood Chip &AM W& W717k=e] NO s&E&
o] g3t FAO A3 TEE HlwsPth I A (F 4-DoA B
= vke} o] GC 4% NO 3%+ H 3.64 ppm, PASE 243 N,O &
TE B 358 ppml 2 GCe PASE 79 HYU3 B4 AxE By}
GCe} PASe] w=xt= 52H9/18) A& 13A1E ALS tiFEEo] 10 % v
o] ExE Holn, A9 TYUF N0 %7} EA"H AL 80 & 9
o Ao =2 328 %o EEXE BT
{FE 4-9> GCe PASE o] &3 v 7]712=2] N,O 5% Hl
©¢l : ppm
=4 4A N,O &%(GO) N,O = =(PAS) =T 2H%)
124 3.58 3.63 1.40
134] 3.84 3.57 7.03
144] 3.09 3.06 0.97
12 (89 20%) 154] 3.85 3.78 1.82
1641 - - -
174 4.05 3.88 4.20
184 4.66 4.59 1.50
124 3.31 3.40 2.72
el ore 1341 3.54 3.35 5.37
27 (84 212) 144 3.41 3.12 8.50
1541 3.50 3.45 1.43
114 3.85 3.81 1.04
124] 3.64 3.28 9.89
134] 3.61 3.56 1.39
144] 3.37 3.34 0.89
33 (92 169) 154] 2.67 2.86 7.12
164 3.60 3.62 0.56
174 3.85 3.82 0.78
184] 6.01 5.53 7.99
194] 4.42 4.30 2.71




@<l : ppm

3

{3 4-9 AlE> GCoF PASE o] &3t uj7]7F2¢ N,O 5% Hlu
=4 4= N.O ¥ %(GO) N,O ¥ Z(PAS) =5 2H%)
7 2.78 2.76 0.72
124 3.02 3.10 265
134 3.44 3.33 3.20
144 2.65 2.85 755
42 99 179) 154 3.6 3.32 1.84
164 2.09 2.07 0.96
174 6.28 6.23 0.80
184 3.95 3.94 0.25
194 491 4.96 1.02
104 3.6 3.01 15
o 114 3.46 3.39 2.02
Ak (94 18<) 124 213 2.93 4,69
134 3.46 3.10 10.40
Mean 3.64 358 3.28




A3 w717k 9 N0 F=o ddFde daeH 43

H

ol

X0

wjr

w7171k 2=9] N,O 5% "=

=5 <=

Wood Chip AAaA|A oA Hj

213 SPSS(Ver. 21)¢] Pearson %

3L

<19 4-6>90 A4 Pearson A#TATE =EF3t] kgt N,O

=i}
=

<& 4-10>

o] uj

Holal glem

e

[S]

Bl

950 C ole] &=

A=

oj &

3t

<

o &= zlnE vkl A &

N:02] ~47g0]

&5, 2008; K.SVOBODA et al, 2005).

A+ 0.60

)

»AO

} 3z

g, ol

= Hol&

4o

o

)
—~

AYAT Aol o3td NO ¥

7%,

A3l (Wojtowicz, 1993; Peter et al.,

Iz, 2003),

dE FTH SOl HiEi

1993; Bernhard Bonn et al., 1995;

=

?_]__

A

o
T

AT Aol A

H
R

HA.

=
=
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<
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A48 Wood Chip d&A149 N,O W& A4 A3

1. Tier 3 &% 4 23
7h A LA EAS A

2 dToA= Wood Chipe] Id& 2 AAEA At GColl 93 ujj”7]
7h29] NO BEE o] gste] AdAnFuEASE MG <E 3-T>9
Aol whet A NoOo| wiSAl+ <GE 4-11>0] UETh

d H WA= 0.30 ~ 0.38 kg/TIZ AHAFHAeH, SAH 73 52t bl
ZA%E 0.35(+0.03) kg/TI= 44 = %),

GEA-1D AGA e EAs A8 A
@9 : kg N,O/TJ

=74 9z} N.O vl &A 4=
12} (8¢ 209) 0.37
22+ 8¢ 219) 0.37
32k 9€ 169) 0.38
421 (99 179) 0.35
52k (94 18¥ 0.30
i 0.35 (+0.03)

D SN 5t A5 anF 7FE /MEHT

¥ A7olx 2PE Wood Chip 4449 N,O WlEA5E 2006 IPCC
G/L 2 Swedish EPA S04 AAST Y= N,O 7|Eu|ZA S5 B2 sl
CE 4-12>0] R



B AFedA A" N0 MiEA5 = 0.35 kg/TIZA 2006 IPCC G/LoA
AN = Wood - Wood Wastee] N,O 7|Eul&A 5 4 kg/TJRTh <F
3.65 kg/T] A AAEHJT. T3 294 SFRIT I AL A=
Wood Waste2] N,O ®HiZEAS 5 kg/TJRTh 4.65 kg/TJ, JPAolA A A3k
Ad= NO vl EA14 3.1 kg/TIRY 2.75 kg/T] A A4 = o).

AL YA g ALrlsolv 34 F =l AAHo] vidH 247}
2 WEAFdeE 2 At S F ot dEA Aokl A #eldw
2013; ol&7], 2012). ®=3F =7HE U9 TR wWE ddFo] ol H
ola gJthBaker et al., 2012; Telmo et al, 2011). W&t A nlo] Quj
29l 7R EAT A Al Z7PEE Zolvt e ASE AlsdETh

<3t 4-12> N,O #j=Al Hl 2 (NCASP), 2005)

@9 : kg N;O/TJ

T N:O B &A <+ shgt iz
2006 IPCC G/L Wood - Wood Waste 4 1.5 15
Swedish EPA% 2004 Wood Waste 5 - -
JPAS 2002 Wood fired boiler 3.1* - -
2 AT Wood Chip 0.35 - -

* Az 3149

12

2 20 Glit 71+

3) NCASI : National Council for Air and Stream Improvement, Inc.
4) EPA : Environmental Protection Agency(Swedish, 2004)
5) JPA : Japan Paper Association(¥¥ A|X] &3], 2002)



. Tier 3 vl 4H4

Tier 3 Methodel] @& N,O wWi&E&S AdA A AAAATFEIESAFE

A&t AFAEATE <FE 4-130A B vkl o] N,O HiE&e 1A 2

kg/day, 53} d&olA 0.79 kg/day= AHEEAOoH, A7 FA F 4.22
kgel N;O7} v == A0t

<& 4-13> Tier 3 vWi=& 24 A3

@2 : kg N,O/day

=74 AR N:O ®l &
12} (8€ 20¢) 0.82
221 (8¢ 21¥) 0.82
32 (9€ 169 0.92
47 (949 179) 0.87
52 (99 18%Y) 0.79

2 717v9 w2 4.22 (kg)




2. Tier 4 Wj&F 23 23

Tier 4 Methodell W2 N,O W]E%-L PAS| o] 24413k o4 A& =4
H N0 F=¢F TMS data®] A2 F3&F<s 2 (100 & &3t 483t

(E 4-14>0A R niel o] N,O &3 13 AgoA 1.56 kg/day,
27 A& 150 kg/day, 33+ AFolM 143 kg/day, 43 H@lA 1.44
kg/day, 52+ A@AA 1.95 kg/dayZ 4HF = Qlom, A7 Tt F 7.88
kg9 N,O7} v =5 Aot

<FE 4-14> Tier 4 wWj== A4 A}
9] : kg N,O/day

=4 ax N0 W&
12+ 8¢ 20¥) 1.56
221 (8¢ 219) 1.50
32 (9Y 169) 1.43
42 (99 179) 1.44
52k (99 18%) 1.95

=712 wiEF 7.88 (kg)

3. Tier 3¢} Tier 4 Method®] N,O vl&% 44 ZA3 v|w

To| A= Tier 3 Method$} Tier 4 Methodel] we} 44 E N,O ®j|&

FE AT vusdy. O 23 <FE 4-1D0A4 HEe vk} o], Tier 3

Methodoll W& N,O &% Tier 4 Methode] N,O HjZeFol wvlal <F 46.4
% AA WEEHE AR A HA

N,O W& xo]E yehll= ZAe Tier 3 Methode] 7% =AW



2 Ao R sty FEAHJAIAIEAD Als 2|HA7F o] FoAF L
Tier 4 Method®] 7%= 24AI1%t ©] S & ARESHe] H)
e AR eEE o]9k e NyO WiEd9 AolE Kl Ao g dAddn
a2y Tier 3 Methode} Tier 4 Methodell W& N,O #l&HFS 4HAE o
Y AZbel 8o m AHT w7I7EEY NO 55 AHESt] WiEde
#® 4-1509 & 2345 UEHT <GE 4-16004 BHe vt
Ao N.O viE&o] FAHA A= J L 4713t ¢
& 4.22 kg A=A
o3 A= 247I~ wEF A H(Tier 3, Tier 4 Method)oll w&
N,O ¥iEZe] Aol& Yei 19, Non-CO, EZF A& ZHo| o
27 = EES Ao & HaAdd s vEh L Tk
&% Non-CO, viZ% 2ol 9lo] Tier 4 MethodES 2 &3ttt 2217p~
=

4% - mae] gty 2 Aol FHY F Ue Ao ARdh

o
R

& =243 N,O &

[
o
o
—
:i
rr
—|—’ /\

{3 4-15> Tier 3¢} Tier 4 Method(d< =)o W& N,O &% vl
9] : kg N,O/day

N0 ¥l %2

NG Tier 3 Method Tier 4 Method” Ml

12 8€ 20¥) 0.82 1.56 47.4 %
22} (8¢ 219) 0.82 1.50 45.3 %
32+ (9€ 169) 0.92 1.43 35.7 %
42 (99 179) 0.87 1.44 39.6 %
52k (9¢ 189) 0.79 1.95 59.5 %
A 71k W& 4.22 (kg) 7.88 (kg) 46.4 %

D 2477 o] A& 4T N0 555 AE3te] HlE&%F 44
2) Tier 3 Methodoll w2 wl&&3} Tier 4 Methodol| W& & vlw



<3 4-16> Tier 3¢} Tier 4 Method(Zt&2# A5 AFH)l| w2 N,O W& Bl
9] : kg N,O/day

IR NO e o] &%)
Tier 3 Method Tier 4 Method”
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Abstract

Estimation of N,O emission for Wood Chip
Combustion Faclility
- Tier 3 and Tier 4 Method -

Kang, Soyoung

Cooperation Course for Climate Change
The Graduate School

Sejong University

Korea has imposed ‘GHG - Energy Target Management System’ and
‘RPS (New and Renewable Energy Provision System)’ to achieve saving
target, 30% saving against BAU (Greenhouse Gas emission forecast) by
year 2020. RPS is an obligation system for utility company, generating
capacity over 500 MW, to generate fixed percentage by New and
Renewable Energy, and to achieve the target of this system some
domestic power plants use alternative fuel, like WCF, RPF, RDF instead
of fossil fuel. Among those Wood Chip, as its price is relatively low and
its REC weighting is 1.5 times, is received attention as a fuel for power
plants.

As CO,, generated from bio-mass energy combustion, is regarded as

carbon neutral, it is not included in national greenhouse gas emission,



when calculating greenhouse gas emission. But Non-CO, gas shall be
included and reported. 2006 [PCC G/L recommended to develop and use
specific emission factor when calculating emission volume. As emission
characteristic of Non-CO, gas varies as per combustion condition and
technical factors, there should be difference of emissions depending on
calculation method. Thus in this study greenhouse gas emissions by
different calculation method have been compared.

In this study GC and PAS were used to calculate N,O density exhaust
gas from Wood Chip combustion system, and fuel supplied to incinerator
was collected and analyzed, then use the analysis result to calculate N,O
emissions. The N,O calculation methods used were Tier 3 and Tier 4
Method.

Plant’s Specific emission factor of N;O by Tier 3 Method was 0.35
kg/TJ, while basic emission factor of Wood - Wood Waste proposed by
2006 IPCC G/L was 4 kg/TJ, so the N,O emission factor of this study was
3.65 kg/T] lower. The emissions calculated by Plant’s specific emission
factor was total 4.22 kg during the measuring period, but by Tier 4
Method it was 7.88 kg. This difference of emissions came from continuous
measuring against intermittent sampling, and it would be necessary to
apply continuous measuring to calculate emissions of Non-CO, gas, of
which the density is relatively higher. However, so far, the continuous
measuring method to calculate greenhouse gas emission is applied only
for CO, according to the target management guideline of greenhouse gas
and energy. Therefore it would be necessary to apply continuous

measuring to calculate Non-CO, gas emission for reliable greenhouse gas



emission calculation.

In this study NyO emission by greenhouse gas emission calculation
methods, Tier 3, Tier 4 Method were compared. In the future by
analyzing N,O density of before and after the air pollution prevention
facility, and considering the influence of N,O by air pollution prevention
facility, it is understood that the emission characteristics of N,O by air

pollutant and combustion conditions.

Keywords : Wood Chip, Non-CO., N.O, Emission factor,

Greenhouse gas emissions






	제1장 서 론
	제1절 연구의 배경 및 목적
	제2절 연구의 범위 및 방법

	제2장 이론적 배경
	제1절 연소에서의 N2O 발생 메카니즘
	제2절 N2O 측정 방법
	1. 가스크로마토그래피법(GC)
	2. 광음향분광법(PAS)

	제3절 Wood Chip
	1. Wood Chip의 정의 및 품질 기준
	2. 국내 Wood Chip 현황

	제4절 스토커(Stoker)식 연소시설
	제4절 온실가스 배출량 산정 방법

	제3장 연구 방법
	제1절 연구 방법의 개요
	제2절 연구 대상시설 선정
	제3절 시료 채취 방법
	1. 연료 채취 방법
	2. 배기가스 채취 방법

	제4절 연료 분석 방법
	1. 수분 측정 방법
	2. 발열량분석 방법
	3. 원소분석 방법
	4. 공업분석 방법
	5. 연료 분석의 재현성 평가

	제5절 배기가스 농도 분석 방법
	1. N2O 분석 방법
	2. 정도관리(QA/QC)

	제6절 배기가스의 N2O 농도와 영향변수의 상관분석
	제7절 Wood Chip 연소시설의 N2O 배출량 산정 방법
	1. Tier 3 Method에 따른 배출계수 및 배출량 산정 방법
	2. Tier 4 Method에 따른 배출량 산정 방법


	제4장 연구 결과
	제1절 연료 분석 결과
	1. 발열량분석 결과
	2. 원소분석 결과
	3. 공업분석 결과

	제2절 배기가스 농도 분석 결과
	1. GC와 PAS의 정도관리(QA/QC) 결과
	2. 배기가스의 N2O 농도 분석 

	제3절 배기가스의 N2O 농도와 매개변수의 상관분석 결과
	제4절 Wood Chip 연소시설의 N2O 배출량 산정 결과
	1. Tier 3 배출량 산정 결과
	2. Tier 4 배출량 산정 결과
	3. Tier 3와 Tier 4 Method의 배출량 산정 결과 비교


	제5장 결론
	참 고 문 헌
	ABSTRACT


