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Carbon dioxide produced from biomass is biogenic. It is considered to be neutral carbon, and is therefore
excluded from calculations of greenhouse gas emissions. In Korea, methods for calculating greenhouse gas
emissions are categorized into Tiers 1 to 4, according to emission activities. Emissions measured by the meth-
ods in Tiers 1 to 3 are partially excluded from total CO, emissions according to the proportion of biomass con-
tained in the waste. The Tier 4 method measures CO, emissions by measuring the amount and composition
of the exhaust gas. However, this method does not consider the biomass content. In Tier 4, as in Tiers 1 to 3,
it is necessary to partially exclude CO, emissions from the greenhouse gas emissions in the flue gas according
to the biomass ratio. In this study, the biomass content of SRF used in domestic facilities was analyzed using
SDM. In addition, the biomass content of the exhaust gas from these facilities was analyzed using AMS. It was
found that SRF contains 43.6% biomass on average. Furthermore, it was confirmed that the biomass content
of the SRF used in facilities measured by SDM and the biomass content of the exhaust gases measured by

AMS were similar.
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Table 1. Status of facilities using SRF
SRF type Facility Energy production Incinerator type  Capacity (tons’hr)
SRF Pelletized A Electricity CFBC 10.7
Fluff B Electricity FBC 20.8
SRF(pelletized) + Bio-SRF(fluff) C Steam FBC 6.0
Bio-SRF Fluff D Electricity FBC 24.5
1 ;’g;‘g ) Pelletized E Electricity Pug:inrlizgﬁgsal 208.3
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Fig. 1. Schematic drawing of the gas sampling system.

Table 2. International test methods for determination of biomass content'"

Standards ASTM EN ISO
Standards of biomass content ASTM D6866-12
measurement ASTM D7459-08 EN 1534011 IS0 13833-13
Sample description Gas, Liquid, Solid Solid(SRF) Gas
Method of sampling Gas Solid Gas
Period of sampling 1h-24h / at a constant rate - 1 h-1 month

Biomass content analysis method AMS, LSC, IRMS SDM, MS, AMS, LSC AMS, LSC, BI
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D (Bio-SRF)
Fig. 2. Photographs of samples used in this study.
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Fig. 3. Procedure for SDM measurement of biomass content.
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Table 3. Fuel inputs to facilities
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SRF type Facility Amount of fuel g(i)::_ss/}}l{r; (tgli)st?;r) Notes
Pelletized A 25,663.68 - 25,663.68
SRE Fluff B 155,997.63 - 155,997.63
SRF(pelletized) + Bio-SRF(fluff) C 25,536.765 21,731.47 47,268.235
Bio-SRF Fluff D 144,698 144,698
Bio-SRF Pelletized E 44,684 1,603,361 Coal

Table 4. Input fuel quantities for Facility E during exhaust gas sampling

Fuel type Day 1 Day 2 Total amount of fuel
Flaming coal (tons/day) 4632 4778 9410
Bio-SRF (tons/day) 200 234 434
Total amount of fuel (tons/day) 4832 5012 9844
Ratio of Bio-SRF (%) 4.14 4.67 441
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Table 5. Determination of the Biomass content (%) using SDM

Amount of fuel (%)

Biomass content (%)

SRF type Facility - -

SRF Bio-SRF Coal SRF Bio-SRF Total
Pelletized A 100.0 - - 31.9 - 31.9

SRF
Fluff B 100.0 - - 50.7 - 50.7
SRF(pelletized) + Bio-SRF(fluff) C 54.0 46.0 - 48.1 96.7 70.4
. Fluff D - 100.0 - - 99.2 99.2

Bio-SRF .

Pelletized E - 4.4 95.6 - 99.8 44

Table 6. List of components giving false results when
determining biomass by SDM'Y

Components

Solid fossil fuels such as hard coal, coke, brown coal, lignite
and peat

Charcoal

Biodegradable plastics of fossil origin
Non-biodegradable plastics of biogenic origin
Oil or fat present as a constituent of biomass
Natural and/or synthetic rubber residues

Wool

Viscose

Nylon, polyurethane or other polymers containing molecular
amino groups

Silicon rubber

&2 HEhdt C~ E Aol AR vlo] e v AEA]
9] vlo] w2 e BAASE Hi 98.6 %E T4
1°iE}

&3 H*%t“t”& °l£o}°# 3] 3}
2hek Aol ehaEelda X‘M‘ﬂ% olg-gt tid
Aol =5 wiE7ks W Hpol Ouﬁi ohF EAERE
Hw gk Zlojth. AP ABAES
Hlo]|onjj 2~ ke Qajjald _,,], E} ] A4 AR
APHe] Zol7F 6.1%= UrEbkE}
SAFS #A8E RIS ol
Laqau} AT A F} H}Oli Y ?iéﬂl%%
fﬂt”Oﬂ £ Zo)7} 1

FAFAFH vlo] L I FHARA

oﬁOl ﬁléﬂﬂ % s EE%%‘
23l= D A9
3} z}o]7} 1% ©]
. 53], A 5

=9 Ao ZEs vt

M ok
kg W
0
>
mi
rlo
-{n

i <> o
w30 L
1 Loy
rE
e
s
i L
z ofl
K ?ﬁ,
o o
32
>4
—\1 mﬂ

i

QL
2]

JoTPATAE FUFL AN T 5 gow], F
) 2

Ao w2 njo] QA AT 0.6%2] HH|E

ARAFS] ulol o)
& AFRAYE ol
F AAEE) wiE71 ) ol emh 2
7} eRbe] Apolzk glont, ol thagh
sEfsiord Bt qlek. WA, §
g3le Y F ARYNEL AV} B
1% gAY ARE Web 9 & 9k,
A Ag OB FUY & YE B
o) Beaie] TelEth Table 62
(st AR} g el o] @ 4
Aok, IFATAF %ol AT I §
o183 ulolerl 2 3 14 Aste] 02

hul

ke
ML oft o

o 12 re
ru}L

o

o w @ [v
4 o
Lo

“m é
)
o

Ni

=V
ro i o
%

o
1o
1S o
<
£ o
i

oe}

S

@

A
e
2

L
i
v %

i
H

o
b
24

©° o
] 5= itk 2 Qo] IFABAFE AMAIEY] o9
Joll w2} &zhze] HA Aas fls] LNGH
o} ke BEARE YUY, dae] v
dlo] ti7] & olakslerae] Fiol WE JF

o
o do I
Oll'l o o o

BN
O]

o
kd
&
)
°

d
=

el ARA) tE w2e FAH wslol
Fol A8, 715402 sl olsolaL gt
7FasEe] Be LA7ks 4% BRE o))
Sje] sIRIRT) o AL AelAIS] A18e] T8
G asic), A712IAE ae] Baddale] Aol
A4 B7} ol Sw A1 Releke B o8 7}
A7k AL S APl dlek. E Fulel WEDE
W earke Wi AR F 2% STk )
2471 WiEe wlolouls Fago] THEA) gow
2 971% el mE ek ME ARy
3 sl e W Bile BoEd. e wEvh
21 CO2l Bk BHUAE ol ol enz 719

b o

L 2



=] SRF AMgA1Ae] viE7ies ] nlo) Qi g1 B

Fge 2 el o
o] A= vhew} 7).

et gl A
ol gs}e] njol omh2

FBHL = %

@ Qe ﬂom} 2
171

TS TaEelds AP E olgsle] S5k v
ks Sel=t
Aol AeE THARAE N AES g
WS o]g3le] B3 Ay, HFHOZ 43.6%0 ©]
2 vle|ou A Xt S-S RIS gt
Hlo] Q. THABAEFL 96.7% ©142] Hlo] Q2= o]
[e}e)

ulo] @ uj

Elgon, i/\]/“fﬂw 13.7%i Uehdth ol &
PE TFASAF Eango] FF3] ASHA &
o WAgt QA= ot 53] &5 vkl A=

HEAA| MO E AJAe) w7l B AT}
&7k 23 717 ko) vlol o MHABAFE ALE
Hlgol uhE njo]eujX oFF St FA|9h ujE 71
23k npolemjo] ghgo] Aol FARRE el 4.4%St
5.0%% e

LIRS o] L3F THAFTAZ BN Axle} B
ol &3t wiE7Ie) EAA

il
%?ﬂﬂ%@oﬂ%ﬂ%ﬂﬂﬂﬁﬂmﬁﬁ
ojE e W71Ee) XS Hrlsr] 8 wiE7i2 U] bl
o) Qul A~ TS =Asle] 2A7A wEE A A
31 Zo] Bgsitia wern], ¥4 Ae] 43y
< =o]7] Yaf wiETIA ER 7|7RE 2447 o]Aro

2 AAshke Zlo] e EH

FAINEIRE
B =R 3] Adoez FYdetde] A
A& o} 3R EU T (NIER-2017-01-01-089)

10.

11.

12.

13.

14.

15.

. AR} AL AR
. <2016 ARAEAA 2016, FH=olux] it Al

. “World Energy outlook”, 2018, IEA.
. UNFCCC,

“Submission by the republic of Korea
intended nationally determined contribution”, www.unf-
cce.int, 2018 99,

7181, 2014, 213 AT

AL AE.

. “Enforcement decree of the framework act on low car-

bon, green growth, Presidential Decree No. 24474,
2013, Ministry of Government Legislation.

. “Determination of the fossil carbon content in com-

bustible municipal solid waste in Sweden”, 2012, Avfall
Sverige.

. G K. P. Muir, S. Hayward, B. G. Tripney, G. T. Cook, P.

Naysmith, B. M. J. Herbert, M. H Garnett, and M.
Wilkinson, “Determining the biomass fraction of mixed
waste fuels: A comparison of existing industry and 14C-
based methodologies”, Waste Management, 2015, 35,

293-300.

. J. Mohn, S. Szidat, K. Zeyer, and L. Emmenegger, “Fos-

sil and biogenic CO2 from waste incineration based on
a yearlong radiocarbon study”, Waste Management, 2012,
32, 1516-1520.

. F. Arevalo, 1. Martines, L. Garcia, M. Maldonado, and

M. Leon, “14C determination in different bio-based
products”, Nuclear Instruments and Methods in Physics
Research B, 2015, 361, 354-357.

J. Mohn, S. Szidat, J. Fellner, H. Rechberger, R. Quart-
ier, B. Buchmann, L. Emmenegger, “Determination of
biogenic and fossil CO2 emitted by waste incineration
based on 14CO2 and mass balances” Biores. Technol.,
2018, 99, 6471-6479.

CEN/TR 15591, “Solid recovered fuels — Determination
of the biomass content based on the 14C method”, 2007.
AR, 7O, WS, AU, A9, Fehd, 29
A, Az}, Ariek, A7, <A FAVgEe] o )
o B BG AT, PR
<], 2016, 33, 810-818.

ASTM D6866-11, “Standard Test Methods for Deter-
mining the Biobased Content of Solid, Liquid, and Gas-
eous Samples Using Radiocarbon Analysis”, 2012.
FAE, AP THhA B4S 918t AMS(Accelerator
Mass Spectrometry) 7]&4]3F Ao a8 2
vlo]Qu2 A Al|”, AABIITE, Korea unmiversity,
2016.

British Standard Institute BS EN 15440, “Solid recov-
ered fuels - Method for the determination of biomass

content”, 2011.



	국내 SRF 사용시설의 배출가스 내 바이오매스 함량 분석방법 연구 - 용해선별법과 탄소동위원소 질량분석법 비교
	권준화1 · 권영현1 · 유하녕1 · 고영재1 · 전태완1 · 신선경1 · 강준구1†
	1국립환경과학원 환경자원연구부


	A method for Estimation of Biomass content in the Exhaust Gases of Domestic SRF Facilities: A Comparison of SDM and AMS
	Jun-Hwa Kwon1, Young-Hyun Kwon1, Ha-Nyoung Yoo1, Young-Jae Ko1, Tae-Wan Jeon1, Sun-Kyoung Shin1, and Jun-Gu Kang1†
	1Environmental Resources Research Department, National Institute of Environmental Research, Seoul, Korea
	Received October 2, 2019 / Revised November 22, 2019 / Accepted November 26, 2019
	Carbon dioxide produced from biomass is biogenic. It is considered to be neutral carbon, and is therefore excluded from calculations of greenhouse gas emissions. In Korea, methods for calculating greenhouse gas emissions are categorized into Tiers 1 ...
	Key words: Waste energy, Biomass, SDM, AMS, Carbon isotopes
	1. 서 론
	2. 연구내용 및 방법
	3. 결과 및 고찰
	4. 결 론
	감사의 글
	참고문헌





