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Abstract

Recently, the earth has shown the limit of environmental capacity. It is also experiencing an environmental crisis

with rising energy prices and depletion of coal. Therefore, development of renewable energy is very important

solution. However, waste fuel solid are renewable fuels, but they cause environmental problems. In this study, the

emission characteristics of hazardous air pollutants were analyzed through measurements at the facilities using
solid fuels (SRF, BIO-SRF). Analysis method of PAHs are based on the Korea Standard Methods for Examination.
The analysis of PAHs showed that the concentration much higher in Naphthalene, and Benzo(a)pyrene showed at a

higher concentration incertain sources. As a result of gas phase and particle phase PAHs, most of Benzo(a)pyrene

appeared to be particulate. Through the results of this study will provide basic data for atmospheric environmental

management.
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Table 1. General information of SRF & BIO-SRF combustors.

& AJ34+3) ) wt2} RDF (Refuse Derived Fuel), RPF
(Refuse Plastic Fuel), TDF (Tire Derived Fuel), WCF
(Wood Chip Fuel) 522 FEE O}, ’13d A7
£9] 7jA 22 SRF (Solid Refuse Fuel)?} BIO-SRF
(Biomass-SRF)Z A EZF = At up2bA], 7§18 A AAF
o wet Pelshe 2 e, A, fEd 5

< SRF¢} BIO-SRFZ A&73to] vj& ¥ 7k Zast
o},

S LFPARAE AL 159 12¢€ T V)&
Z 1507§0]0, A= Fefo] wa}t SRE 767}, BIO-SRF
747) Aotk (www.srf-info.com, 2015). & Q3=
SRF AF£AA 37], BIO-SRF AFEAJA 270 5 57 A|
AL AAstdh ARE AMSAIAY A ot |
22 E 13 2

2.2 Mz iy 24

A& A} 24 e d7|ed3RANETIES
285t Aol A AR H = 2 33019, A
g 7FAAF 9 QIAAY PAHsO) 8 248 H3ystict.

2.2.1 A2 #F
HiE7kA F PAHsE 4223 upd7iA| 2 7k 9
A EARE EAgltt. wakA, AR FH = 7|2 d
ZAAF7|E ES 01505.1 vi&7tA & chabgEs
Stea-7|Aa2ntE a0 g Agste] 19 13} 2ol
=4 A7 s ZZZARE AHSATHKSME,
2016). 7FAA BA L JpASSHOL JpAT R R L

Combustors

Unit Fuel Fuel usage LHV Cl Moisture Ash S
No. (ton/day) APCD (Kcal/kg) (wt %) (wt %) (wt %) (wt %)
Dryer
A 11 CL.B/F 6,325 0.68 74 74
Boiler
B SRF 14 SNCR. SDR. B/F 7,930 0.72 5.6 54 0.29
C 7 Power Plant 7610 0.04 105 6.63 1.34
B/F
Boiler
D 135 3,640 0.13 94 3.1 0.23
BIO-SRF SBN.?R, A/S, B/F, SCR
oiler
E 840 SNCR. B/F 4230 0.02 10.8 1.5 0.04

% APCD: Air Pollution Control Devices, CL: Cyclone, B/F: Bag-filter, SNCR: Selective Non-Catalytic Reactor, SDR: Semi-Dry Reactor, A/S:

Absorption, SCR: Selective Non-Catalytic Reactor.
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Fig. 1. Flow-Chart of PAHs Sampling on Stack.
Table 2. GC-MSD conditions for PAHs analysis
Condition

Parameter
Agilent 6890
280°C
DB-5MS (60 m X 0.32 mm X 0.25 um)

GC model
Injection temp.
Inj. mode Split (ratio 10: 1)
Column
Oven temp. 50°C to 310°C (4 min) at 3°C/min
EI

70eV
280°C

SIM
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Table 3. Selected ion group of SIM for PAHs analysis.

Group Time Compounds Selected ions (m/z)
Naphthalene Nap
1 11 min Acenaphthylene Acy 76 83 89 128 152 154 166
Acenaphthene Ace
Fluorene Flu
. Phenanthrene Phen
2 30min Anthracene Anthr 89176 178
Fluoranthene Flt
. Pyrene Pyr
3 40 min Benz(a)anthracene BaA 101 113 114 200 202 226 228
Chrysene Chry
Benzo(b)fluoranthene BbF
Benzo(k)fluoranthene BkF
4 60 min Benzo(a)pyrene Bap 126 138 250 252 276 278
Indeno(1,2,3-cd)pyrene Ind
Dibenz(a,h)anthracene DBahA
Benzo(g.h,i)perylene BghiP

Table 4. Proposed Toxicity Equivalency Factors (TEFs) for
individual PAHs.

Pollutants TEFs
Naphthalene 0.001
Acenaphthylene 0.001
Acenaphthene 0.001
Fluorene 0.001
Phenanthrene 0.001
Anthracene 0.01
Fluoranthene 0.001
Pyrene 0.001
Benz(a)anthracene 0.1
Chrysene 0.01
Benzo(b)fluoranthene 0.1
Benzo(k)fluoranthene 0.1
Benzo(a)pyrene 1
Indeno(1,2,3-cd)pyrene 0.1
Dibenz(a,h)anthracene 5
Benzo(g,h,i)perylene 0.01

*Nisbet et al., 1992
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Table 5. Concentration of gas and particle phase PAHs on solid fuel fired combustors.

SRF BIO-SRF
Compou3r1ds A B c D E
(ug/m)
G P G P G P G P G P
Nap 043 2927 90.53 46.35 041 25.66 5242 0.09 90.42 0.06
Acy 0.03 0.05 0.02 0.01 0.02 0.00 0.04 0.01 0.00 049
Ace 0.02 0.04 0.03 0.02 0.01 0.02 0.06 0.05 0.01 0.13
Flu 0.05 0.10 0.10 0.06 0.03 0.03 0.18 0.22 0.05 0.10
Phen 0.23 041 1.22 0.60 0.21 0.18 0.84 1.30 1.26 041
Anthr 0.01 0.02 0.04 0.13 0.01 0.01 0.05 0.03 0.07 0.17
Flt 0.04 0.06 0.12 0.12 0.03 0.02 0.07 0.11 0.31 0.13
Pyr 0.02 0.03 0.09 0.06 0.01 0.01 0.13 0.10 0.14 0.06
BaA 0.34 0.00 N.D. N.D. 0.38 0.00 0.00 N.D. 0.01 N.D.
Chry 0.33 0.33 0.00 0.00 0.37 0.34 0.00 N.D. 0.01 N.D.
BbF N.D. 0.00 040 0.18 N.D. N.D. N.D. N.D. 0.14 0.15
BkF N.D. 0.00 N.D. 0.04 N.D. N.D. N.D. N.D. 0.00 0.34
BaP N.D. 0.01 0.79 79.83 N.D. N.D. N.D. 1.02 2.51 58.47
Ind N.D. 0.00 0.00 0.00 N.D. N.D. 0.00 0.00 0.02 0.03
DBahA N.D. N.D. 0.00 N.D. N.D. N.D. 0.01 N.D. N.D. 0.15
BghiP N.D. 0.00 N.D. 0.07 N.D. 0.01 0.00 N.D. 0.03 0.06
> PAHs 1.49 30.34 93.35 127.49 1.47 26.26 53.80 292 95.00 60.75
Il 2-Ring
[ 3-Ring
[ 4-Ring
BIO-SRF [ 5-Ring
Il 6-Ring
SRF
0 10 20 30 40 50 60 70 80 90 100

Ratio (%)

Fig. 2. Relative percentages of PAHs based on the number of benzene ring.
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Quucx =
m = Usage of fuel (kg)

Quantity of dried flue gas (m*/hr)

"

F-lE oX

B 23X 545 Yoty fjsf WA 4
ko] SRF} BIO-SRF AF-A| o] tfgt v m &
2335tk (29 2). 1 A3} SRF2}F BIO-SRF 2

?.

[e)
4

J. Korean Soc. Atmos. Environ., Vol. 33, No. 4, 2017



338

)
l‘_>-\:
Lo
oo
ol
of

SRF
100 T

80 4

60 4

Ratio (%)

40

20 4

O Q& S F e o of S,

N AN L
o] ik Vb%
e WAnE 2+
9lc}h. PAHs 9] 3}5HA 4
ANA FHAFE Holn, AP = wiEd
Ao 245 Bt (Hong, 2012).

a7} 37 ol AL BAEET LB 2 E
F317]) Wjizo] E4 PAHs B0 th3t #ajst 2
Ao woE

NPAR AFEAIA S kA4 B A £4-& SRF
9} BIO-SRFo||A] &4 £3 2~37)7} Ao|st R EA
<= YEHITH (2™ 3). SRF AREAIE Y] 79 B(kFL}
B(ghi)P E&o] YAFezat EA5t¢l o, BIO-SRF
AHEA] AL B(a)A®} Chry E32lo] 7pAALC 2l £37)
stk AE = £ 549 49 SRF ARAIA
¥} BIO-SRF AHEAIE Y] A7t A2 g o=
Uebstth ol= A& ARl e Aolz IAshs 2
i A5 4= vk A, FF AP AR AREA]
dofl tigh et uk Al A& AR SA oigk ut
oJo] W Ao wotEr)

o
o
il
fr

2 fr
Eﬁﬁﬁ
:“—lor-r‘-‘-‘

Z 9 o M
O~ SO T A N

F—?-

bo

3.2 Malid3t H|mw

PAHs &2 vj&¢d, A7) ut vl& sE+& v
28 4 ot BEEAS YT veba, 7]z
598 4Yd7et vl nE Fobol thydt nFAR A
A4 it &S 4L sttt shent.

23 49} 7o) B AT o) A] 2283 SRFS} BIO-SRE

7|3 A] A 33 A A4 &

BIO-SRF
100 1
80
S 60
2
T
o 40+
20
0 ’ n
R D@ XS & QS PSR LR
W TP & TP R TP \o‘z"%"?

A3+ES RPF, RDF, WCF AF&-A] oA 2438 Aaa
T Aot vluwste] Iz Yeilch 2 29, gE
A 2P ARAEQ] WCF AMGAIEOA 165 E2 &
F lpgm’ ojstoln, & A7 Aulo] H|s| Adjzoz
WA GeRATHNIER, 2011). 5| &ek2E] 1 ARAE
¢l RPF= ARg-AJAof| whel 3" PAHs =71 1226 ug/

m’, 188.15 ug/m’2 theFatAl Vet 8, 5=}
M BE AEAELS Nap HE7) 179.27 pg/m’7HA]
HEH A} ol2|e A= PAHsO| F93H A
o] WiFle] P, Ta-4 Aol wet kA7) o
of Uehd Axetar & 4= UTH(NIER, 2010). ESF
FAR AMSAIEY A A7 FRe wEAE 2
AN &9 ol et 5= A7t Aol 4 9l
A7h 3= ofof & Aol

[o o kI Mo
N

st

2 Hoh g2

3.3 #alld "ot

2 AFodA e LFAR AHEALRRE HiEEe
PAHs9| ¢34 HAEE Hrstr] 95k9] PAHs 162
&Y F=E B(@)P 7|&9 TEFs® gH4ilsto] & 69
TEQsZ e TH(NIER, 2007). TP AE AFLA|A
oAl 274 % PAHs %% Nisbet er al. (1992)0]| 4 A|A|
e SAAASE A&skqlth 1 23 SRF9F BIO-
SRF A}g-AJ Ao 3t B(a)P-eq= Z+ZF 27.00 pg/m’,
31.52 ug/m’o]t}h. Bj& =9} Zro] BIO-SRF AFR-A| A
oM F=7F o =4 4=

AYATFE 2Alsto] 2 A9 Fa4d B7F izt

gt o R v EAE Ad, EHr|E &



FARAF AFSAIE] TE ST a4 (PAHS) 9 HIEEA H ol 7 339

This study - SRF This study - BIO-SRF
70 80
60 -
Fa E
£ 50 £ 60
2 2
§ 0 8
E 8 407
£ 307 =
[9] ()
g e
8 207 8 20
10 1
0- e T 0 e ey —y— e ——
< & N SRR L& o R
& v"* b Q\qvﬁ«\“‘ Qe FO G C T o %@*%\8
NIER 2010 - RPF NIER 2011 - RPF
200 6

Concentration (pg/ms)
Concentration (ug/m°)

180 1

160 4 51
140 4 "
120 4
100+ 2 3
801

60+ 21
401 N
20

0- —— — 0

B o* o°<<\° z“(‘\\\“ e oF

RSP B S ‘@Qﬁ‘ @f-‘ sz? RSO

QT K28 B ~ QTS 9 S
NIER 2011 - RPF/WCF/RDF NIER 2011 - WCF
8 0.8
s o o
e 6 - 06
S~ S~
(o)} (o)}
= =
5 5
g 4 g 041
£ 2
[0 [}
2 2
8 24 8 0.2
0 - 0.0 7
N @ o Rt Q2 IR P AR QO FL
B el ‘,&“ CeleF e o of \gq;é‘:?c;\“ BRS¢ CeEE € S o \‘;Q,é‘;é“

Fig. 4. Comparison of PAHs concentration with previous researches.
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Table 6. Analysis result of TEQs.

Compounds (ug/m?®) SRF BIO-SRF
Nap 0.064 0.071
Acy 0.000 0.000
Ace 0.000 0.000
Flu 0.000 0.000
Phen 0.001 0.002
Anthr 0.001 0.002
Flt 0.000 0.000
Pyr 0.000 0.000
BaA 0.024 0.001
Chry 0.005 0.000
BbF 0.020 0014
BkF 0.001 0017
BaP 26.879 30.999
Ind 0.000 0.003
DBahA 0.005 0.405
BghiP 0.000 0.000
> PAHs 27.000 31.516
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