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Estimate of Ammonia Emission Factor in the Oil Refining Industry
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ABSTRACT

Nitrogen oxide (NOx), sulfur oxide (SOx), volatile organic compounds (VOCs), and ammonia (NH3) are some of the precursors
that contribute to the secondary generation of particulate matter less than 2.5 ym in diameter (PM-2.5). Among them, ammonia is
relatively poorly managed and researched, although it contributes to secondary generation of PM-2.5 and requires integrated
management as a short-lived climate pollutant (SLCP).

In the 2017 National Air Pollutant Emission Statistics of the National Fine Dust Information Center, NH; emissions in the oil
refining industry accounted for 58% of the total production process emissions, but for the calculation of NH; emission, the USA
AP-42 (1994) emission factors is used.

In this study, an NH; emission factor was developed, and related characteristics were analyzed through on-site visits to oil
refineries and measurement of ammonia emissions. The measurements showed an ammonia emission factor of the oil refining industry
of 0.002 kgNH3/kL, which was much lower than the existing AP-42 emission factor of 0.155 kgNHy/kL. This indicates that the current
emission factor guideline needs to be improved. Using the newly proposed emission factor, NH; was calculated at 32 tons/yr, a
difference of 24,920 tons/yr based on the current NH; emission of 24,953 tons/yr shown in the national air pollutant emission

statistics.
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T5%= =549 APt ¢ & HlSS AT
tH(Ministry of Environment in Korea, 2016; 2017). ZH]A]
HA] 22 el 7]ofols AFEEEE FAASHE(NOX),
FAEHE(SOx), $1EA #7138 =(VOCs), FEYOHNH;)
So] glow, Ahmuole t7] % oAb, BAsE, A
2A1BHETIS] Whg0. ZuRA S8 AR FAI
e AR ES ARTHKEL 2017).

22+ A AFEE S AR ekES SR
9] CleanSYSE &3 AAIZt 5k A= £33 T e
A o2 TEFHI k. ¥Hi, NHy= ¥ o2 |7t
n] &t WA A7F FE53E A7O|THNIER, 2018).

NH3= ZH|AHA] 22; /o] 7]ofsh, @747/ 7]
S35} GEEZ(Short-Lived Climate Pollutants, SLCP)Z
7\5Hslo] QL VAR g Belsolof FCHKLRI,
2018 ; KEITI, 2020). 20174 7]&, AJAFEA EofF NH; Hf
ZTFL 42,977 ton/yrO 2 ZA| NH; HiEToA F HAZ
B2 HEZ AASHL Qo 15 ARAIEAN NH; HilE
TF2 24,953 ton/yrO. 2 A AAEA HiESF 5 OF 58%E
AAISEIL QUek AFAIEARI ] NH; HiEAl= 19944 1]
= EPA ¢t& IHi& 83kl qlo], = 54 Wt 4
419 NH; &A1 7ido] HRSIHUS EPA, 199%4a;
1994b).

2 d7ola 428 Bslo] 494484 FeCUe
NH; Hj&SA TS Agstaat etvh. &3t wiEAS 7149
oS gRlstr] fsf 4H8€ NH; #i&A & ©l-&st
of W& APEStaL EPA HiEASE ARt 7|E HiE
g3t v)wstazt gt

2. A
2.1 oigAE M8

HRAAAHANA ROk 71 Axo] ol §E
SAEZE(FCCU, Fluidized Catalytic Cracking Unit)
oA HiEEd. fFedEENsES 75 7K
A AFELE AT, o] J—ﬂoﬂﬁ YHYok= &
AR FASH EE BT = FUAR F2 O]‘l
<=4, oldf AREHA] g2 AT NH3 Slipe] 7] %
2 &5}, EPAOA+= AP-42 (1994) Development and
section of ammonia emission factorso]|A] A-8-A| XA
FCCU &% ¥EUYo} siE&ASE AAIstaL Jlow, =7}
ARG HAE oA & o] Al4E ARG ot & A

XE ol Ho
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Table 1. Characteristics in FCCU at oil refining

. Oil production .
Site Sampling
(kL/day)
Plant A 10,732 3
Plant B 10,811 4
Plant C 13,832 3

2.2 FRAIQ9 HR2LIOL A2 F R EMUH

ARARAG} SE 242 Ao A=Hsne ol8s
Mu} 1o 8wl e gtazfole] 57} 2 ppm
oY 9ol QluE AgS Ansha lor, ot
AP A AETATE 10ppb oJ51 AL AT
SHL Slek. meb B ApolAlE ARl stacke] =T}
AR 18 Tafslel oIFBPAT e HEshed A
2 AH L 282 AN,

Aol ot A9 A HS vt At oF
Huo} 2=8 HALg o 50 mIE 2709] 50 ml £ ZakA

S0 22k 25 mi Witk T ohg o 1284 ol
(SIBATA MP-3NII, Japan)E ©]-&35}0] 4 L/min® 2 50 L
o WA BAHEU] EHAT FEyo} BrE
ZH_AO‘I' OT-E_HO]— o/’\Oﬂ ] o]—O]_—}};O]—Oﬂ/\/\ 2% _Q_OHEL]-
& Uo]ERTZATAE 8HS 147].01- =, drEo]
23 ¥hg5 Bo5to] BAEHE d=HEF
gsto] XSttt dEYore] B ol F FE
540l leng, FHYol AlmAfF Aol F5He 4
At FEHole Ag7HAS @ot FCCU 34 A HiE
B HiZI7kAe] ZghE SRS AASHAT AR AA
Aol FHUYol AlZAF HAZ= Fig. 19] Yetl
Yol sx9 FHAL FLFLA(Shimadzu 17A,
Japan)E ©]-&5l% o™ FFE= 640 nm IPFO|A S5
3} tH(Ministry of Environment in Korea, 2019a; 2019b).
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Fig. 1. A schematic diagram of ammonia sampling in oil refining facilities

Limit)= 0.0056 ppm 2.2 WEF} O™, Blank Valuew= 092
= Uehith A9 A4S 93 ER2AEE F SEIIE
(0.002, 0.018, 0.033, 0.049, 0.065, 0.08 mmol/L)= ZI3j
stgom R 0998 Ueht w2 AAA4e 2
RSDE 0.17 ~ 0.84%2 LJERgT.

2.3 HRAIZ9 NH; HiSAHIS JHEUY

Ao} BiEgA = 4 (1) &9 AFstelon, o
HaF44H 9 dBFYHS A9 FRAAY @2
£ 2ottt

17.031
EFyg, = Cypg, X 094 ¢ (1
_e 1
x 10~ % x
Flowrate 0 7C,,

of7]of A,

NH; emission factor (kgNHs/kL) : NH; vjESAls
Cus (ppm) : 7|7k 59 4B+ NH; 5%
SR

Flow rate (m3/day) : 94y
FC (kL/day): Y4BF B-5F

3.1 YRUYUS NH; HiE Sk

NH, 55 274 23, Table 2014 = uiol Zo] A1¢]
4 A9 o} L 0.04 ppm, AHYA BE] Lo}

EEE 0.17 ppm, AFAA C2] YR Yo} H2 0.13 ppmO

2 FAE. 4] 2EHAE AR A 0.04 ppm,
A% BE 0.08 ppm, A CE 0.09 ppmO.& LHERGT
S Ard7d TdArete] W A, FCCU 7hs Al 9y
of sw AR Ad 7 ARl w33 gol
H7] ool X4 0.08 ppmoll A HTh 7 ppm7HA] WA}
A W= T ARE s Aol d WA F 5 9
© Al® A

Table 2. Ammonia concentration in FCCU at oil refining

. . NH; Concentration | Standard Deviation
Site Sampling
(ppm) (ppm)
Plant A 3 0.04 0.04
Plant B 4 0.17 0.08
Plant C 3 0.13 0.09

3.2 MRYHAIZS NH; HiE Al

Hi&A 5 47 23, Table 304 Bz Hie} o] A
Z A9 g Yot BjE& A4 0.0001 kgNHy/KL, AFI% B
o] txyo}l HiEASE 0.0003 kgNHyKL, AFIF €Ol
QFEuol HiE&A4E 0.0002 kgNHy/kLO 2 LfEROH,
Bt FEYo HiEA = 0.0002 kgNHy/KLO 2 LERyE
o EEHAE AFGA A9 BE 0.0001 kgNHy/KL, AFY
A CE= 0.0002 kgNHy/kLO. 2 LFEFSETE
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Table 3. Ammonia emission factor in FCCU at oil refining

NH; Emission Standard
Site Factor Deviation
(kgNH5/kL) (kgNH;/kL)
Plant A 0.0001 0.0001
Plant B 0.0003 0.0001
Plant C 0.0002 0.0002

AP Aete] viEAs= vl IS Table 40 LERY
Ak 2 AolA AP BiEAl S 2018 S HESE
ShdoflA APH I AFGAE Fe R g ALt fAF
g FoE yEon, A4 w7t 7|QdEd viEH
EA oA &HLsl7 9 0.155 kgNHykLS} vf-S- 2 x}o]
£ E3th o3t Zol= @A A7 A A B AlE o
A A|AIEANY Yol siEF AFY Al F85ka A=
HIEAR7E 19948 vl=olA 7idE wiEA 5 285t
I Qlo], 719 B @ = /o] BEEEA] k7] o
=2 Ao & WHEHTH(NEIR, 2021).

Table 4. Comparison of NH3; emission factor of the oil
refining industry

National Institute of
This Study Environmental Research CAPSS
(kgNHA/KL ) (2019) (kgNH/KL)
(kgNH;/kL )
0.0002 0.0002 0.155

3.3 HiEAI: M0 ME ST HlW

HiEF BlaE As) =7iulAIEA G EAIECA 2017
=7t f7le9=d e 7 v ARE d2E%
o, 4 2)E °|&std MEFS APYetaL Bkt

E, ;= AX EF;7 2)

o] 7]of| A,

By : A9AEY A4 oA s 092l 19 Hae
(ton/yr)

A Efr BUF(klyr)
EF; @ ARfAIEA A j2 29=4 1 #i&Als(kg/ton)
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Fig. 2. Comparison of NHs emissions according to
the application of emission factor
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FBAAIE 3712 APl A 3U%E, AT 371 o
A stgion, AremEHE o]&stol NH; 528 57
stoinh. E3L AP HiEASE o]85te] HiEHE AP
sto] 7|& wiEd v skt

U AFHAAAE 339 FCCU NH; 5% 74 44,
AFAA A9 NH; 55X+ 0.04 ppm, AF9%4 B+ 0.17 ppm,
AP Ci= 0.13 ppm O 2 UEFGITE Bt NH; HiEA
+ 0.0002 kgNH3/ton©. 2, 2018 = H3FsHof A 2
B APAF AR ge= et

2 AFolA 4Rt W& A= @A CAPSSOA] A&
Skl QU= 0.155 kgNHy/ton fF= & AolE E Yt o]
ot Zpol= oAl A A&t A= HiEATTE 1994
| w04 FdEo] 7]&o] HH 9 = §4L WY
ShA] Z37] fE]] Aeg wmekHETh

2017 71 AHA Y HAE CAPSS S5k A=
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