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ABSTRACT

In this study GC and PAS were used to calculate N>O concentration of exhaust gas from Wood Chip combustion
system. Fuel supplied to the incinerator was collected and analyzed and then the analysis result was used to
calculate N,O emissions. Tier 3 and Tier 4 Method were used to calculate the N,O emissions. Plant's Specific
emission factor of N,O by Tier 3 Method was 0.35 kg/TJ, while default emission factor of Wood - Wood Waste
proposed by 2006 IPCC G/L was 4 kg/T]. So the N,O emission factor of this study was 3.65 kg/T] lower compared
to the IPCC G/L. The total emissions calculated by Plant's specific emission factor was 4.22 kg during the measuring
period, but by Tier 4 Method it was 7.88 kg. This difference in emissions was caused by the difference of continuous
measuring and intermittent sampling. It would be necessary to apply continuous measuring to calculate emissions
of Non-CO, gas whose the density distribution is relatively high. However currently, according to the target
management guideline of greenhouse gas and energy, the continuous measuring method to calculate greenhouse
gas emission is applied only to CO,. Therefore for reliable greenhouse gas emission calculation it would be necessary
to apply continuous measuring to calculate Non-CO, gas emission.
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Table 1. Reproducibility of PAS and GC (unit : ppm)

Number of Photoacoustic Gas chromatography

analysis spectroscopy (PAS) (GO)
1 9.97 10.03
2 9.96 10.01
3 10.08 10.01
4 10.02 9.98
5 9.97 9.99
6 10.04 10.01
7 10.06 10.04
8 10.06 10.00
9 10.07 10.00
10 9.99 9.96
Mean 10.02 10.00
S.D. 0.05 0.02
RSD (%) 0.46 0.23
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Table 2. Estimating work-sheet of GHG emission factors
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Step 1
Item Carbon of fuel Hydrogen of fuel Hydrogen of fuel Total moisture
(Dry basis) (Dry basis) (As received basis)
Sub-item ) @ ® @
Unit % % % %
Calculation @x((100 —@)/100)
Step 2
Item Gross caloriﬁ? value Gross cal'oriﬁc va.lue Net calo.riﬁc Vahlxe Fuel consumption Heating output
(Dry basis) (As received basis)  (As received basis) rate
Sub-item A B C D E
Unit keal/kg kcal/kg TJ/ton ton/hr TI/hr
— {6X(9xB)H
Calculation - (A—{(100—@®)/100} B xj,?g(égfgx%’%))} - CxD
Step 3
Item Volume concentration Mass concentration Flow rate
Sub-item F G H
Unit ppm mg/m’ m’/hr
Calculation - Fx(44/22.4) -
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Table 3. Fuel analysis of Wood Chip

X A
ZEACY .« RRIA} . ZIAX]

Elementary analysis (%)

Calorific value (kcal/kg)

Measurement date Moisture
(%) Carbon Hydrogen GCV (Dry basis) NCV (As received basis)

Ist (8/20), n=6 4.56 44.23 5.62 4,067 3,564
2nd (8/21), n=4 4.18 43.00 5.62 3,987 3,505
3rd (9/16), n=9 4.40 44.55 5.67 4,041 3,507
4th (9/17), n=9 3.31 45.67 5.94 4,075 3,589
5th (9/18), n=4 3.62 42.57 5.57 3,982 3,527
Mean 4.01 44.00 5.68 4,030 3,538
S.D. 0.53 1.24 0.15 43.78 36.90
RSD(%) 13.22 2.83 2.59 1.09 1.04

Wood Chip2] A4 Z29EzS 3,982~4,075 keal/kg(H-
4,030 kealkg)©.2 BEAE|QT, BAE 714] Z1redeke. [PCC
G/Loj|A] AMgoh= o= SHAF 3
2. 3.505~3,589 keal/kg((B 3,538 keal/kg)
2 Ao A APgE Q14 FERE} 2006 IPCC G/LO
A AAIBHIL Qli= Wood - Wood Waste2] Q144 =7k
H|weh A}, H Atofa] AR Qlapd] bRk 3
keal/kg® & 2006 IPCC G/LA|A] AASE Ql4=4] 41ty
(3,726 kcal/kg) =t} 188 keal/kg A A& QIct. o]#|gt
A G| Apol= 7P VY TRV HEY] o
o] Ao wekEthBaker ef al, 2012; Telmo et al, 2011).

ned
m
i)
~
o
1>
r{g

2

fru
T
=
)

3.2 HiE7tA2| N.O SE 24 Zut

3.2.1 GCOll 28t N.O & EA(Tier 3 Method)

Wood Chip AZAldoflA ZHFE wiE7E20] NO= AF
o4 GC-ECDE o|-§5to] EAI5I3Irh N,O sfe= 212t 5
3] EAIE HatghS ARESEl e, 1 ATk Table 40f Uet
Wik
N,O &%= 3.08~3.89 ppm(F+t 3.57 ppm) O-= LFEFHEO
, BEWAR= 0.33, AR 9.27%2 B4 = Qlch

H

3.2.2 PASE 0|28t N,O & =X (Tier 4 Method)

N,0-4405(LSE Monitors, Netherlands)& ©]-&3}] 241} 3
o) Fob A4H 0T 23 Wood Chip ALAE] NO 5
L Fig. 33} Fig 404 Hi= vle} 2.

N,O EE= 1.44~15.46 ppmo] HZ Hot 445 ppm o2

Journal of Climate Change Research 2015, Vol. 6, No. 3

Table 4. Concentration of N,O using GC-ECD

(unit : ppm)
Measurement date Concentration
Ist (8/20), n=6 3.85 (£0.52)
2nd (8/21), n=4 3.44 (£0.10)
3rd (9/16), n=9 3.89 (£0.92)
4th (9/17), n=9 3.60 (£1.29)
Sth (9/18), n=4 3.08 (+£0.64)
Mean 3.57
S.D. 0.33
RSD(%) 9.27

™" Correlation is significant at the 0.001 level (2-tailed).
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Tier 3 Methodo]| TWE N,O H|&EFS kA AMASE AR Measurement : - Comparison®
TGS ARE ARgBlo] AFgELI) Table 6(a)ollA] B} date Ther 3 Tier 4 (%)
SrtiEATTE Ao ST Method Method
F 2ol N.oo] e Miee 0.79~-0.92 ke/day= A= Ist (8/20) 0.82 0.82 0.0
o, 24717k S F 422 kgo] N,O7} viE= Q.

Tier 4 Methodo]] THZ N,O HlZ2ES: PASo] olal] 244]7H 2nd (8/21) 082 079 38
oA} ¢4 ZAE N,O %59} CEMS data®] 72] Qeke 2] 3rd (9/16) 0.92 0.90 —22
(3)ll A-gato] Abget Aak N,02| U viEa2 1.43~1.95 4th (9/17) 0.87 0.88 11
kg/day® A= om, 4717t 53 F 7.88 kg N,O7} 5th (9/18) 0.79 0.83 48
AR E = A Total emissions 422 422 0.0

Tier 3 Methodo]] W= N,O H|&%-2 Tier 4 Method2] N,O 1)
- ; N Comparison of N,O emissions by Estimation Method (Tier 3
w=akol] Hls OF AR =g A o AFA
&gl ulel 3.66 ke(or 464%) A g =l Ao A3 and Tier 4 Method).
=, ol2fRt N,O HiEFe] Alol5 yehl= 212 Tier 3 % Comparison of N;O emissions by Estimation Method (Tier 3

Method®] 7%, S| W& AekxACZ Qlslo] 7+ and Tier 4 Method).
Table 5. Comparison of N,O emission factors (unit : kg N,O/TJ)
Category N,O emission factors Combustion utility
IPCC" G/L(2006) Wood - wood waste 4 (1.5~15)
. 2) Fluidised bed combustion
Swedish EPA” (2004) Wood waste 5
(FBC)
JPAY (2002) Wood fired boiler 2.90°
Tier 3 method 0.38
This study Wood chip Stoker-type incinerator
Tier 4 method 0.96

Y IPCC G/L: Intergovernmental Panel on Climate Change (2006).
2 EPA : Environmental Protection Agency (Swedish, 2004).

» JPA : Japan Paper Association (2002).

" Based on heat content of 20 GJ/t dry solids.
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ofgh £A712 WlEE APgalor 3 Hae] el Leh
a1 Rl 3FE Non-CO, vfi&sF AFYo)l Qo] Tier 4 Method=
AesrhH QATEA ujEeE AL - H110] AEA 2 AR
o W 4 U AR AREC,

4. a2 B
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OE 718702 ZA5lo] ALl v Z&eFa} 244)7F oA &

(o]

BN éxqg}oq AAS} NQO &S

Z

4,030 keal/kgo]H, EJi ‘3-! ?‘é}%k% 217} 44%, 5.68%
A ofnf A4 TR e T AT EE ©f
8310 IPCC G/LOf|A ARSI Q= Q14| =g o= o
At on], 7 A3} Qa4 AR =
o2 et

HlE7120] NoO 5= 24 23}, GCE 0|83 N,O 5=
2.09~6.28 ppm(Fat 3.64 ppm) = éxgﬂgil:} PASE 0|8

1o
ofl,

o
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w
h

Ivé)

o o
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7
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2 AolM= NoO HiESF 2P ffell Tier 33 Tier 4
MethodS 28351900, Z17F GC9} PAS B4 HPHS Ala3)
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