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Abstract

Recently, yearly production of SRF (Solid Recovered Fuel) as an alternative fuel has been rapidly increasing
because of the limited waste disposal, rise in oil prices and reduction of greenhouse gas emission. However, SRF
using facilities are excluded from the National Air Pollutant Emission Estimation because SRF using facilities are
not yet included among the SCC (Source Classification Code). The purpose of this research was to estimate the
emission and emission factor of SRF using facilities PM and NO,, in order to investigate whether or not they are
included in the National Air Pollutant Emission Estimation.

The emission factors of SRF using facilities PM and NO, are calculated as 0.216 kg/ton, and 3.970 kg/ton, and
the emission was estimated based on the yearly total SRF usage of 2011. The results above was 18.7% for PM and
12.8% for NO, emissions from combustion facility (SCC2) in manufacturing industry combustion (SCC1) of
CAPSS. If CAPSS estimate the emission by adding SCC on unlisted SRF in case of Boiler (SCC3) fuel, both PM
and NO,’s emissions would increase by 15.8% and 11.3% compare to the emissions for the existing combustion
facility. As a result, emissions caused by SRF should be considered when calculating the National Air Pollutant
Emission Estimation. In addition, further researches to develop emission factor and improve subdivided SCC
should be done in the future, for the accurate and reliable estimation of National Emission.
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Table 1. The quality and grade standard of SRF.

Grade
1st 2nd 3rd 4th
Net calorific <6500 5500~ 4,500~ 3,500~
vaue (kcal/kg) ’ 6,500 5,500 4,500
Chlorine (% wt.) <05 05~10 10~15 15~20

Table 2. The net calorific value and chlorine grade of SRF.
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) (Fuel weight) 20% below
TDF Waste Tires 1st 1st 2% below
Waste Wood (Fuel weight)
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(a) 600 - (b) 3.0%
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300
200 -
79 90 10:
100 34 o 1 60
2007 2008 2010 2011
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Fig. 1. (a) Yearly status of solid recovered fuel manufacturer and output (b) Solid recovered fuel usage ratio in 2011.
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Fig. 2. Example of RPF.

Table 3. General information of the target facilities.

Capacity

Facilities Industria type (ton/day) Boiler type Control device
A Dyeing and Finishing of Fibersand Yarns 144 Stoker Cyclone, SDR, B/F
B Manufacture of Starches and Glucose or Maltose 19.2 Stoker Cyclone, SDR, B/F
C Dyeing and Finishing of Fibersand Yarns 15.6 Stoker Cyclone, SDR, B/F
D Dyeing and Finishing of Fibersand Yarns 17.9 Stoker Cyclone, SDR, B/F

Manufacture of Shaped Wood Products and

E Wood for Special Purpose 20.3 Stoker SNCR, SDR, B/F
F Dyeing and Finishing of Fibersand Yarns 9.5 Circulating fluidized bed Cyclone, SDR, B/F
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(a) Sampling device

(b) Portable NO, analyzer

Fig. 3. Schematic of PM & NO, sampling.

Table 4. Emission factor equation of PM, NO,.

Pollutants Equation Parameter
QxC Qj=Total gas volume(m®hr)
PM, NO, Emission factor (kg/ton)='T x 10° C=Concentration (tor/m®)
M =Fuel consumption (ton/hr)
7 AR AH feoe Adslglen, Ha 1t FE F BRAE SR B4 sl TR0 NO,
o) fakom sk AR 2D AL = (mYSm)E skt
W E7tne] exel FUSE 2o HAxdte] £

oF

< FIAF o) F dAA o8] lellA Ae7tA]
st TAE 01mgrx] Aes Asksisich Ae
A FA LEst grele wAT AxAAgH(S)
o= gl mpmte s SRF ARgAAeIAe] &
FAAE = (12%)5 A4t 2FEs=2 FAE
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NOE BAIAS A9 (7]7] ez st 54
T Sl AL Aoz PM AR} ol Fe]
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3.1 PM % NO, s

HFAAE AA F dubsi el A AF3E uhe} o]
71E A (@) Alat A (Ha)E S e
stel RPF ARG Aol A o] PM v EA| 55 APG sk
FANAM Zk A1 PM 522|719 va & HAE
Bglom m 59} 7}l AAJAe] 16.7~18.0 mg/Sm®
o2 71 Eoton, t2o g FAAH=E 65~7.2mg/
Smiolgich. Uz A|Ade 1.3~1.8mg/SmPoe w)
2% yx8 Bgon, A4 FPEx=E 53mgsm’
olglth. Ast FAIA 3} o2 4l Aol Ayt i
T ApelE Holx olfi: Agl FAA S 79 7]E9
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Table 5. Emission concentration of PM & NO,.

PM NO,
Facilities Test Concentration  Test  Concentration
no. (mg/Sm®) no. (mg/Sm®)
1 17.8 Max 97.6
A 2 18.0 Min 44.6
3 16.7 Avg. 67.3
1 33 Max -
B 2 3.2 Min -
3 34 Avg. -
1 17 Max 96.4
C 2 17 Min 66.7
3 1.6 Avg. 80.1
1 1.6 Max 212.8
D 2 16 Min 719
3 13 Avg. 105.1
1 18 Max 1185
E 2 18 Min 73.8
3 1.4 Avg. 1035
1 7.1 Max 95.8
F 2 7.2 Min 34.2
3 6.5 Avg. 69.7
Sub-avg. 53 Avg. 89.6
T A2 de5ie] d&Xez AF FY4HE A
T FF AR e 2 dxsAeza dAS ds
TFo) olFelAA o} R4S} WEHow
o) o1 47| woln], WA S =3t 5 AUB
15 #A7F = g2 gelow zgsigitty Atk

3 Hagoz wsdch Ash FAHAA NO, 5=
+ 77t 67.3,60.7mg/lSm*ez o2 37 AlAdel w]
sl wekem, C, D, EAS] A9 77 80.1, 1051,
103.5 mg/Sm3e| it} A Al HFEs= 89.6
mg/Smie|glom, wE MM W E7)Ee =
8 ghieh(E 5).

NOS| 4¢ dzel 24, Ad 271 Fol wheh )
Z5wol Ahol& BelTh(Vanetal, 1997). & 17
A A NO, ASHe PM s=s) whlele] A%
e Bols Aoz Mol dxzeld 9 9 g
A dxe] Aol & AT 2xol 93t of
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A% Wl Aoz FAEW Ro A%t $AE
flsted FF F7Pgel A AR 3 SAe] I
28 Ao B
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AHEA] Ml EE = W7 9 5] Wi &4 522} CAPSS
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4= 13.8kg/ton2 LNG (0.03kg/ton) @ B-C+- (0.7
kglton)ol] H]ste] S=Alel| A 4=l (oF 20~460)u =7
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2504
200.0
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150+
1004
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348
138 . 0.03 0.7
-]

Thisstudy RDF?  LNGP B-Coil® Anthracite Bituminous’
(RPF) (0.3%)

3 EPA AP-42 5" ed. o
5 National Air Pollutant Emission Method Manual 11 (' 10)

=<l RDF2] 73-¢- 34.8kg/tone 2 RPFel| v]sf <F
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T 9l uh, RPFE ARgehe A4S 2 A7 24}
Az A4 628 Fhedl 12dte] DAAuE 23
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Z WlEHe 2 Aolrl WA Aoz o4He o

Table 6. Emission factor of PM (Controlled).

Facilities PM emission factor (kg/ton)
0.644
0.090
0.091
0.043
0.069
0.357

0.216

TMOO W@ >

Sub-avg.

Table 7. Emission factor of NO, (Uncontrolled).

Facilities NO, emission factor (kg/ton)
A 3.461
B —_
C 4.346
D 3.726
E 4.735*
F 3.584
Sub-avg. 3.970
*: Controlled
7 A
= 64 54
=)
D 5+
=3
S 44
k:
c 37
o
B 21
=
[

0
Thisstudy RDF?
(RPF)

B-Coail® Anthracite” Bituminous”
(0.3%)

LNG?

Fig. 4. Comparison of PM, NO, emission factors between this study result and others (Uncontrolled).
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kA, RPF ARE-Al Aol A 9] &l dulo st A%
Ald ezt vkeA] Fesid. w4 Hge 9
AZ =2 Frslr] 93 USEPA AP-4240| A A A3}
= ZF(USEPA, 1997)e] A43t Ax A~D 53
% "B 5Fl sldatdel AW EPA FaA
P 2 HAE Wl o)Ete] A&l o, F 83

Table 8. Estimated pollutants emission using developed
emission factor in this study.

Pollutants Emission factor ~ SRF consumption ~ Emission
(kg/ton) (1,000 ton/yr) (ton/yr)
PM 0.216 117
NO, 3.970 540 2,144
7009 622
600
~ 5004
g
£ 4004
c
o
‘B 300
€
2 2004
117
1(X) ‘ -
0 .
CAPSS This study
(Combustion (Facilities used
Facility(SCC2)) SRF)
18000 - 16,750
15000 4
S 12000 4
=
S
E 9000
8
5 6000
3000 2144
CAPSS This study
(Combustion (Facilities used
Facility(SCC2)) SRF)

(a8 PM

[l CAPSS(Combustion Facility
(SCC2)
B This study (Facilites used SRF)

(b) NO,

9 AE e ¥ 4 glaleh AL W =
W EAA BRE R RS B o) 7

l=

2 «"d lejgta & 4= gl

B AFelN =&% wiEASe Az AHSHE &
FE2 wEE AE A3 PM 117 tonfyr, NO,
2,144tonlyr7} &= Aoz AAECHE 8).

3.3 Il viEZ| o|x= I "It &
SCC Fof Za
20091 CAPSS w22} 7}-9-d] 2]z ed 4 (SCC)
% A4 (SCCYellA PM H NO, Wi &3 18]
59} 7ro] Z+z} 622tonlyre} 16,750tonfyro|oh. 2 &
Tl A APk SRF A2 2] PM 3 NO, vl &34

i CAPSS(Combustion Facility
(ScC2))
M This study (Facilites used SRF)

Fig. 5. Comparison of pollutants emission and assessment for PM (a) and NO, (b) between CAPSS (2009) and this

study.
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Table 9. The pollutants emission factors on facility using SRF. SCC was applied to the CAPSS code.

Emission factor

SCC No. SCC1 SCC2 SCC3 Target fuel Pollutant (kg/ton)
Manufacturing . PM 13.8
030010100 industry Cofn;?‘ljiiio” Boiler SRF
combustion NO, 54

$19] CAPSS uljZakz} u)wA] 18.7%, 12.8%¢) 3=
ghe}. w3k SRFoj| g SCCE 3-oisle] CAPSS wj
=l 23 A A2 A4(SCCL) F AaA
A (SCC2)¢] vl &2 PM 15.8%, NO, 11.3%7} %7}
Rl

¥ RPFE ¥|33 SRF:= 3M<ds diAds=
A AR v S o= AdnkEeh SRF AL
S AN st w7l gE A dEt 7=
ks 71Ee] 3MdsE AT » 3101 ol
g STRNER AA] AAle} Zel e g 3
F AA STl &) HAarhe 27t al‘:}. e}
] CAPSSellA] #l) 29] %14 (SCCL)-A 4414 (SCC2)
-1.oJ2] (SCCI)ell w3t = A o] A= 9l Al
fx F3E M = 99 o] SRRl Hjgt
SCCE Foish= Zlo] Fesiru seteld.
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