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ABSTRACT

The implementation of the “Act on the Integrated Control of Pollutant-Discharging Facilities” both simplifies the permitting
process and improves environmental performance by managing pollutant discharge facilities of the business unit in industrial
sectors. The best available techniques (BAT) reference documents (BREF), which play a pivotal role in the Act, include the
state-of-the-art techniques that not only reduce pollutant emission, but also consider economic benefits. The concepts of BAT
and BREF in the Act in Korea had been mostly derived from the European Union’s (EU’s) BAT system. Therefore, there
are significant similarities between Korea and the EU in terms of both the publication procedures and the content of BREF.
On the other hand, the types of sectors covered in the BREF vary due to differences in the major industrial characteristics
between Korea and the EU. Additionally, there is a distinction in the legal role of applying BAT as a permitting condition

for pollutant-discharging facilities. In Korea, the application of BAT is a recommendation, whereas the EU enforces BAT
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Conclusions (BATC) as a legal requirement. Since the introduction of BATC, the EU has seen positive results from compulsory

BAT application in terms of environmental performance and industrial competitiveness. The purpose of this study is to survey

the current status and implementation of BREF in the EU, and to compare BREF and relevant exemplary studies between

Korea and the EU. Based on insights derived from these cases, this study suggests future directions for BREF research in

Korea.

Key words : BAT, BATC, BREF, Joint Inspection, Integrated Environmental Permission System, Air Quality, Water Quality,

Waste Management
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U= 20159 TS @ JAE 9] FEE
HE(CloF S LFAEH) S AYTCEN THL
A9 Q5|7 9 HiEAl S MAEE Testd 7id
oflA AFAES] LAEE HIESAIES AR ©RIE
St 83 He ok avtdor gAY 5 Qe B
AFHAEE = 2 APt JTHME, 2015). o]&
&oto] RdEdo] 7] /dof wheh BAF B E=
71& AAQ As7F FE E AR B4, T A
9] e, S5 dHolge wAdS NSk, 4
A &3 JA] =Y 5 UA = ATk Park, 2016). EFF ot
F A AE o R QI ‘29 Aol

ARl AHlE-ag wiE e A
, QAEE Fastet dHITF A7 7
52 Stk Fo] EAo|th(Han, 2017; Kim et al., 2017).

SIFVRAAL Lol BAAY 8o F Shbe
2 FHA7E7Holtt.  HZF 71879 (Best  Available
Techniques economically achievable, BAT)-S AFG%4} o] A]
LHFEd Y HEE 7MY AR &Y 5 A 7]
=4 BAHCE Ag Thet @B Holoh dm F
PFRE AHAZR, 1571 D 29 &) o2+ A 1A
A AEE= viE 9 ALY A, 2, 29 2 &
g 5o w3t 7SR FAE ALH(ME, 2015), 7|
A FEE W E IURE o

HA71L71  7]&=A(BAT Reference documents,
BREF): ALQIOIA] Bolah] 28T 4 UwS A9 &
it S ¥, 58 oHEL viE ¥ ¢ T
719, HA7HE7IR T olE AL "o HdEd &
s e, AT 871l Be 8ol 23 T1EA
o|tHME, 2015). o]2|gt BREF= S33td S A g A 2+
4 Al BEEH7|E sto] AR 2 S|7HEAA AR
A 37 2 Hagt g7l digt olsiE Alsgt
TH(Kim, Kim, Seo, Kang, et al., 2019). ISt {2 <135]7}
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< FEEAHH e 2dEd HETE
= WYHEZCE XYt BAT 3&Z &3 &4 &

A & JIHHME and NIER,
2022).

S HASHEuropean Union, EU)2 37 H3S 715IE 9
oto] BT HHAYA =t BAT ZHE(BAT Conclusion,
BATC)Z Agsto] A& AEd e FAIE F3tst
I Qlct. §hE = BREF= W2 40| gl BAT 7|
"] Hal o] Xt FHollA Al mElo] EUuSt A
o|sttt. EU 3= ofyz} ul=, 2jAlo} &5 th =7}
7} BATCE A€st= 5 &3] o|go] oA |
5 F4ejo] gt ORAE U 242 MRNIER,
2019; OECD, 2019), %342t BREFE= 2 - A1 5
BRI 1202 BEIHA it ol WAL 27
Uetel A o %7] Bgolet So| 2HAA) ol o
Bl melmrt 1% WA 57k AANH A el
of S/ 7k AAZ AUSRE S ool MM
A 7] wiZolet Wttt T2 BREF Xt} BAT
Aol i Fo A7 b, U A AL A
AAH 520 22 87 B2l 712 1 24Pt AL s
HE W 2 et SRl SARARAE 200
2o ATS FE1, BA Y /1EAS] Akt BAT A

nxg RO solslo], F2HOEL EU
of BATCS} 22 743hel A Wgto] Wi Ao B

Kang and Oh (2022)= S44& g0
(Buropean Union, EU)¥} 3+=9] BAT A& FIH
2 Soto] 7124 A4 AAo B HEL A
stelou, BAT 7|9t Hj&7|& A-89] oF3t of 9
BATC Z=Qlof #3t =9 o|Fofx|#] okoith. wzhA
BATC Asloz BAT/} £3 3|7 249 " %
HES WA 1582 e EUY RS 2A8L, 4
SHAE S5to] S A4S AW EIA Sl

2 AFolA= S-2U=Etet EU BREF 7F =8 A0S

>
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H| W31, EU BATCY 79 ¥ W&a £ vjA, o|%
Zete WE71ee A8os yeid adE lstglth
723 EUZF BATC #& oAy /A A oA EA-
upel 9 ook mk o) &t F shUE AAsks dEdA
(Joint inspection) H|AE A7fsta, = 7 AR} &
7P A AAL A e Aldskld 714
oA A9l &7 et AR BAA-71&e4
I =RE 9jste], EU AREIE 7]¥hog S| BATC A
3 Al A7 BRF ARFES 471 RofR FHESto] AA|
Stelch. mpREto w2 Bt HEAEe] A&y St
1A foto] A MUY AAAL g, 2dEHE =Y
HP9 4l 7& A, AR AA"HY 75 get 22
A ks =9lekqitt

2. g7

2.1. HuEA 3 4

—_—

2 oA EUSQ BREF 9 BATC Al 27t
= AL U] 7|@A EQN AeH|nE
of 7]&A] o] 4 A& S A= 7t Ao|FE g
A& skt 1E A SEuete] Se AR AL
RdEQl EU9] H 5% Hofs Bt o= U 7+
Al A8 SEAEHYA =T Yolrtor & JIFdat i
A BAEZ ARSI

WA EUS| BREFOJA BATC =) #i3¥ A% 273
Adte] diste] dugo=d =Y aME EASHIH
EUZ} &gt 21719] BATC ¥F & 19884 H|zx=2 X3
o] ¥t i AAA|H(Large Combustion Plant, LCP)-
GHAA EZ 712A FA] 2006 2 L7F o]F 2017
| AP =AU 202180 BATCE HHE 7] wfjZofl, Hi
SE40| H3 AE7F AHAH R FHSHIL BATC A
E ®A5t7]o Ageitt wdEUTt. webs BREFS}
BATCO] #43} W-&& B A5 Hla-&4lst7] 95t
o] LCP Y= AHHE 402 AESII(NIER, 2021),
EUS| BATC 74 o] Hiix= d5dd AHE o
Al AW EYT o]t EUS A RARE HIF o R FF
=Wl BATC & 7+ B71et Al o] 24 w3kdol o
so] =oo) B Tk

SelUete) 712 A(K-BREFY: S747HsHo] &
JBSe HAEE 7IEA LYNAHBAT
Reference Document Operating System, BREFOS)9] A&

(o oft &
R

2 Z75FTHNIER, 2024b). EU 7|32A(EU-BREF):=
9 533873 T (Integrated Pollution Prevention and
Control, IPPC) AP Ewjo]x] &tae #T5}ATHEU
IPPC, 2024).

AH LA WE 57t A d JHEIN &
Y82 SHestdo] - I sk st
Al A~ (Integrated Environmental Permission System,
IEPS) BHlo] Aol =g FRasct T BH LA
W] 21 Wt At SRRABAA 5 7124 o
oo el AmE BAR HuA U A7 =B Aue}
EU, OECD & dfig ©A2] 341 FH[o]A|of|A L7t A
52 85

2

e

3. ¥ 1%

3.1. =%t EU 2XIIE7|Y 7I1EM F2 X0|H

o} BU 71 2419] kel B4 vl vl motast
Sttt SEuEte S L AAIER A (ME, 2015)3 9HA
AAA dEH 171 K 27] 7184 298 55 714
(Ed=) 17] 182 Ao I7sigithC249d 12€ 7] 9
). W BEOPNAE Bl BRETeIAA
(IPPC Directive)= L5t AAE wtddstl7] wizol,
71249 74 9 87k 23 514 EUSt e $41
& ZlopE 4 Qi (Michaelowa et al., 2021).

v, $2y} EUS| BAT 7|34 7+ ZoldAm Abdss
EAt. $4 49 54 9 ERAA Aol aAste] EU
o =l 71419 ti dF0] HhET EUs 4] Z &9
w2t ASE 29719 3& SNE AA7A] 34719 7] A
S W7ekAT). ol K-BREFS] YEHTH 1370 2 3o
2, T v 452 AlEskt A0 & Hlth(Kang and
Oh, 2022). 9-g]ute}= EU-BREFO] ZEEA] ok dHix
A ARFEE- ASAEE A2 7IeAE Ptsh= A
A A dASH|E 59 tHKim, Kim, Seo, Khan, et
al, 2019). ¥4 7|&A A F7] SHIME EUBE)E
o g=(sd)el © 47| "Eol(ME, 2016a; OECD,
2019), K-BREF7} A1 7|&o|ut S97|H HHE o w}
EA 99 4 A= Aol A

K-BREF%} EU-BREF9] & T}E FQ Ao|gogl F
5 7124 97 A%S 3L % Atk LR At
A Bdejo] B3t T 71eA 170N Exekl o, EU
£ 3 Sl 2% J12AE Wi S8 AA o
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WA &% 498K Economics and Cross-Media
effects, ECM)' T} 517} A4 Q] tf7] 9 4 Hij&o gt
2 Y E & (Monitoring of emissions to air and water from
IED installations, ROM)’ B2 F235 ©Qa7} it} H
Ad L oA 588 SFIF F22 W7, 2 EY
H7]& 5 o9 iAol thste] A1 3 JFol it
BAT A% A] 20| H& ‘ﬂ“ﬂ 25 AJRIHEU IPPC,
2006)~ A& 7Hol =2kl (1) HiQt 719 "%t &
2, () HiE =5 2, () “Hxﬂ THA HHIF A4t
(4) WA FH 24 B7He] 4 AR Y E T ESE H|
B4 TRIES A A7lsto], BATY] A1 B7tol
gk W&ol 7|EAlol gt s7F AHY 7] ¢ 4
Hj ol gk BB Y FE2 2003 0] SFA] xR HY
B3 dut YZ|(General principles of monitoring)& 7|4t
o= 20180 HFT AL, HiEAIEY 2H=Ed 2Y
Eol o B, g, B H8E, 29 270 2
ol =27 So] Y88 th=oHEU IPPC, 2018). T
g £ 4F 7ol otdzl wr7le 2 g RYEY
o8 FE5to] 7+ wjA| S QAEA A} FAAL 2y
B U, A 49, 54 HAE, HE 52 AA
5| 7]&3tt. ol#fst EUQ 3% 7|&A REI 1AZ
I YHE, 71, 7IeAR}e] K-BREFOl= ZHER] 4t
ot S SEABYAE G0l 3oiA BATS] HAH
AT JA B7ksta, By olof AEAel uf
44 &7 B E AT AR AR Zete 3
T 714 Al E@7E 52 18T 871 ok

2_
‘_l

! f”lo

2
=

3.2. EU BATC Xgit AJAMY

=4 4 EU 7|49 BAT ¥ AAMIESE 5 WE4
L AolE Attt A5 Hlw-HES A dAFER
oh 2R 5tHSeo, Kim, Kim, Khan, et al., 2020; Seo,
Kim, Kim, Seok, et al., 2020; Shin et al., 2017). o]& ¢
FoA E&FH Zo] & FET ulst AL vz QdEZ
HE A4 2] BAT 2§ 9|53} o folt}. K-BREF= BAT
Jlure] BE71E 48 Raksty U4 %OlKKang
and Oh, 2022), EU+= BAT 7|4l wj&7]|&9 &8-S HA
o7 oR3glsto] Al 57 Al BAT A& 7|2 2710
Z 3}3 th(Gong and Hong, 2013). 1]=o]| X BAT T
AL JF3letA I (Park, 2016), T A= AP € 5
o] et S840l A AAZHCE FREIL QU=
SEo|t}.
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3.2.1. EU BATC &t HiZ

EUE 7|9 7/IERc g tEAd &7 |4
o7 sty 3G HIE ¢
7] 95ko] IPPCE 1996W A&}, 10 wet AFd
2937 FA7IL7H 7|2AE vzketach. 18y IPPC
Axdstol e Ad @Y AR WY ol WEw

A)71%(Emission Limit Values, ELV) §o©] A}o|s}aL
BREF®] 4% gk} m2io] BRwsjol, 595 7 BAT
g 9 o|gho] T3t WY FFo R T H =0l
Ax7E Ak 2 A4S 8-S EolaL TR
AAT LAEHY HiE7|E A8S fIsto] 20109 A
Ao wjEo]  #SE A F(Industrial  Emission
Directive, IED)2 A A3} T} IEDZE 9] S Edlo]
Z 24 29 AF H QAE & FANA Argol of
oS ek Eo 28 SRS AASHAAL, 7]
& IPPC A Fof| 4709] 78 QHUZ F7lsto] &7 A
T 70 AL R 1O MYE gistich. FolETh BATC
A-&Z B3 BAT 7|5t 5749 o 3let= 8 WshE

o|Fo] Wt}

EU9] IED 14% 3%}o] we} BATCE 37F 24 24
ol 7|Eo2 ZEIITHEU, 2010). 20249 11€¥ 7]&,
9H7EE 34709) BREF % 2171 40 gt BATCY| A
HoH, FF BE 4ol thgt BATC7F THEod A%
olth. WE BAT F& 7]§lo] BATCZ A=t AL of
Um g8 BAT $H 7|2 7]&2d8K(Technical
Working Group, TWG)9] AEO| wtat # 235t TG AT,
22 AE e @ AAE B 59 olfE AE
T ek o]Het WA &8-S AW BATC A4 =92
2 AY e wiEAlAHe] BAT 7|8 Hi&7]| & 28-S oF
st 24, EU SdedBeA s d1 3o XY
7]& BREF9| FHAE Hol, & EU 3¥=o] datd g
A 71EE e & JTE AU

rOll
oZi
R
pl=)
EY
2

3.2.2. EU BATC 74 ¥ L8

EU”} A&t BATC 217) CQ—‘— =l Al (Large
Combustion Plant, LCP) AlE|E F4]02 TCA T4
245 AHBEQITHEU, 2021).

20173d0] 7§JA= LCP 94Z9 BREF= —37(5- —g—- A} 7]
W, dad 38 71§, BATC, 9714 T = o]
AL 7 B E 7ol gt AdAISE A ] Eﬁc}ﬂ"i AU
1'q'(EU IPPC, 2017). BATC= BREF9] dXo|2 =2 BATC
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of BAE ZE 7|2 dd A4S BREFO| = 23E 0]
At LCP ¥E9 BREFE= A100)A 75719 44w
BATE 4935t1 9t} BATCE A= -AH] £ g} 8
AR FEE A=d (1) ¥ BATC, (2) 1A R,
(3) IAHE, 4) 7IAGRE At gt BATC, (5) o
dE AFE Ao i3t BATC, (6) H7|1E SA] Azl o
3t BATC, (7) 7F28}o i3t BATC, (8) 7|& A9 £0
2 7|&=H9.

78 BATCE A 37H] 84, S 718, 71§ 43, 7]
Hol A8 7hsAd WUHE St AEE AAEY 2E A
Alo] whet 2Hgddt. g 449 AEL AHSHY
FE(: 231 wiE Alo], 8= A #3 H71E B HA
)% AL 7hse 71 9 7|HEe] 2o R It 7t
BATCE= ¥4 3= 9 ZAAA7E -85 o] &8 & Uk
£ 7|HEE FESt Aol AgEHH, H& 7FsAdol o
gt B7F AEE A ZAgE oln Frh ARE A4t
T 71E A, AR E A R, ARREE 3F
3, AHE 98 R, AT £, Fokg, A, 7]
24 5 22 AR ARE vshdth sid 33H(E
H))9] 3445 FFo] BATS A S UE=A o et #HA
45 27| = gich whd, 3ol dist A /%
Holl et 82 ohFA gkl et

B

7]

=

3.2.3. EU BATC T&t g1t

v

EUx IED £33} BATC A3LS E35to] &4 ujA] v
LAEAY AF, o, AS TFH LR eoto] T
stozn 3, gi7], B, oyz &84, 78 T
59 BEOA AutE]l 87 BE £FEg 7A5HATHDe
Teran et al, 2014). 3-J¥-74 % (European Environment
Agency, EEA)9] #}7of w2, IED7} AAE 20109 ]
A2 FH9 FA G2 "A Srksks v 8t
QAEH HEFS FEoHA FASFATHFig. 1). o=
BATC A%t} 33t wiE7|E 480] §4 4dAY &
AR AAY aE AL $8% 9TAS AR
(EC, 2020; EEA, 2022).

Tk =71 A3l EUSl T4, BE S]Y=o] tist
o] BATCE Yo ZH&Hth= Zo] 7|2 HZo]7] 4
ol EU A9oA d# U&= 817 71& FH-Eol 7hsl
Atk o] 2 AT FHE I T Aol it A=
MRS o, AAGFo] T AxY X F4o] dg
gt BAE Agsks o fEtt 848 248 o]Ho]
UTHNIER, 2021). E3F 7Z3He 7]&E& wEsh7] 93t 7]

140.0
1200 |

oo | w
800 t \\*—\/\1

60.0

Emissions value index (%)

400

——GVA —e—CO,
200 } NMVOC NOx
—e— Cd, Hg, Pb PM10
—o— SOx

0.0

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Years

Fig. 1. The changes of industrial pollutant releases
into air in the EU-27 from 2010 to 2022 by
using 2010 releases values as reference.
Index indicates the changes of the ‘gross
value added (GVA)' and pollutant starting
from 2010 (modified from EEA, 2022).

o AFAQl 7l& MEE 7T & Q1AL ol= & 7]
A Q92w 223t 4= 9] 0 W F(EC, 2020), A7)
oAl BATC AA =YL A AAHEE Hol=

3.3. EU SI7IARE etSEdL A

@79 oY 2 FPL T KA WEY=
(European Union Network for the Implementation and
Enforcement of Environmental Law, IMPEL)x= IEDQ] &
B}l M2 93t hopet LRAES et v
wAjolch o5 @A 387)=e] WE BU 39 2 o2
Gebsz PAE0] glom, AE A% 714 2 2y A

AE BT WA B ARE AU FFS 7

AL IMPEL Z2AHE F U=, A5t &2 7
7 BATC ¥R o|Ho] BAT 0|39 F8 EAFZ &4
ot SiE =R &9 £ TS drt i A R
o ARAE0| 2ol A AAlE FRet J4d A=
AEQF T2 ES JidetH, J4 Al AHE &, A
A2 BAT A& #H7F & FA4A ZFHE Fogtt
(Biither et al., 2020; Colonna et al., 2024).
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Table 1. An example of analysis of BATs implementation issues and proposals after the joint inspection of

IRPP sector in Galicia, Spain (Data is modified from Biither et al.,

corresponding BAT number in the BATC

2020). ‘BAT No.” indicates the

BATC BAT No.

Main issues

Proposals (for consider)

Environmental
Management 1,2,8,9, 12, 29

System (EMS)

Types of farms: Family farms vs. Industrial

* EMSs not in place in most countries

¢ Different standards by size
¢ Providing handbook

e Subsidize EMS implementation

leakage, cover of tanks)

e Issue of slurry management (eg. storage .

¢ Feasibility of ‘in situ’ slurry and manure

Application of standardized quality or
technology and leakage detection system in

new installation

Slu
y treatments e Compulsory in treatment of slurry and manure
management and | 14, 15, 16, 18, . . .
¢ Landspreading of manure and slurry, that is in big-size farms
manure 19, 20, 21, 22 . K . .
. main source of pollution of soils and water |¢ Development of traceability systems for
landspreading . » K . .
¢ Difficulty traceability from farms to lands applying purines from the farm with GPS
* Necessity of coordination between agricultural | Strengthening cooperation among public
and environmental authorities administrations
3 1213 23 ¢ Nitrogen reduced feeding ¢ Justified feeding supply of the feed industry
> 77 7 7™ le Including in the permit a list of ammonia * Emission reduction techniques and
Odours and NH; | 24, 25, 26, 28, T . . . . o
L reduction in storage, slurry treatment, and air effectiveness verification of emission factors
emissions 30, 31, 32, 33, . . . K .
34 cleaning techniques ¢ Minimum distances from sensitive receptors

* Odour management plans if nuisance occur

for new installations

EUS| LCP ol 3t A AAZS FA-8| 25t
24 spgo), 47 A 34 2 A2 Gae] Agos
75 9 HA ARS A (Intensive Rearing of Poultry or
Pigs, IRPP) Y52 SHOE AHE AESHIT IRPP ¢
Zo] gt eEH o)A IMPELS 4 4] 2o, g7
2] A A(Environmental Management System, EMS) 5-
A 59 BEAHES Adsta, 54 Fro| ug gE 15

= A

b 3, /MM AlE, EMS ofg 9ot Bxg Ady
2 HZete A AISHITH(Table 1). IRPP AZ: 5/‘32

sk, 71 9] HlFst2 HhAsHE 2 d2 GPS 7]Rt
4 AL" NI 4% E4S 1T 4R sEE
2t E8 A3t 5 A=Y s WHeke EEokqinh oA
d @golA Fofacle Aggtozxn Al HaH

T a—

S BT 4 Qlomz e HS BATC 2 BREF 7%
oA FQ G & 4= Yri(Biither et al., 2020).
24zt IMPEL AH9F 22 584 AAE €74
20“] d¥o] = Bart vk A S AE A
Ao A AA ARR- Q1 BAT W 2 Ao J=

% o] JTHME, 2015; Shin et al.,, 2017). 3]7}of tjt AFE
ez 47 9 "*1 A AAZE dovy W A
, BAT A8 A] 24 7}53F Eglzlol &

nkgdst7]ol= A7 Sl 01%

Journal of Climate Change Research 2025, Vol. 16, No. 1

o i B9 ojeto] B .
AL 37 Hob AR Y ATl FASH: B A4
34 AR/ 502 FHHHME, 2016b). o152 BREF
A4o] WRY o7 AA, BAT 8% 28 7154 §7h o
58 7% 23292 S 5 ofg] Holol A ARA
2 Adek TWGY 7152 Sefste] 958 BREF A%

oldel H714 AR FERALS Wty UA
torS uhedst BATC ATLS

t}, K-BREF &
87 B4 A 9%g Aol

o]

=

=z =
T =

)

u
ol @,

s

4

3.4. sgegadNe g3t R A 20

Ar

2kt EUQ] BREF H| 18} EU BATC ¥ A=
P Al AEE S5t BATC =919 84S =233
ok BAT 7]¥te] 484 Qe 571 #siAe BATC A
g A79} Sl BRI RS A4lo] FrtEofo}
gty Yzttt wieba] 944 BREF 2 BATC A Q] 4
EARSY U @A71ES0] 3Rt A BAY 29E
v o, SHSFBRAESY nHde Adskal FF
Hgtol Rt Fopo] tiste] =9fstalAt ITHME,
2024; NIER, 2024a).



3.4.1. BATCO| HAX ¢

Selels 90BN Az Apgse v
HH7HRI1ES BN 5 AN B8 A, )
23 & 9k 0PEY 5o WasEo) Wy Ao
= FA7TE7H AAM<ES5(BAT-Associated Emission
Limit, BAT-AEL)S 7|&Ao] 2§kl ITHME, 2015).
23l A4 E BAT-AELY] AJRtghe 7o s e
AR A2 [ER 1519 FdEiE7]Ee] AAE
(ME, 2016b), o]= &3 A AQto] A= &g=r) 1
gy @A sHodlAE S 5171 Al BAT7} o5 280
oblm WHAF ASIL UA @k ol Y BATO] chat
Apaa] e Ao 2 BAT 48 2459 0d2d
Aol AZE Ak ER HaTe] AR S

71959 4] HEE oI + e ol 2=
Mz 7ledd AdA 4 Asizte 744 4T
2 2% 4= otk

oleigr BAl AT B4 BT SES Rol7] gistol
oguets EUY AHA Y BATC =3 FAAQ o5t
A AP Tejskn BAT 714 o171 AAE et Ba
7b Ak AF7HA] AR EU BATC® 54| BREF 2§
Al B S 2 BATC AA &S st v 22
AFIA 2 DRAGS AT

3411, HE £

S 29EA W& Els
oA wiAE pEH 9«173205*1@%0 .
U 7iEY, 374 AAH, BREF 7He] 45 a7t
Fohe AR HAHoR HES AH7 HEolEg,
W Az A% WA £4T a7t vt £ |
7HZ9] | ot 9 EAE =& olE AT &
£ BATC Alx =99 5S4 AET a7t ok

Mgl Etgy 24
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3.4.1.2. ZNE 7t AF

BAT A% Al d4A] 94+ S3447 FA14017] o
oll, 95FAQl BATC Agtd} 7|9E9 FolE LHs}]
AN BAY B Q37 Dol F9 gl
A 9EER BATCE FESRAL 877|418 7]
2 A BAT H|w-g7}, 29| BAT A4= St
AuE e i 59 dF-S0] s ATHDaddi et al,
2014; Hitchens et al., 2001; Telenga-Kopyczynska and
Jonek-Kowalska, 2021). S YA Z 714 H7|E A

ST QEIOIBlo] SEISYIY A B 2 W We o 49

4, LASIISLRE NE A 1Y 5 0By
ofe} 7o) B84 U A B WA A7}
E| IO L(NIER, 2001, 2005), EU|| H|s}o] f-2jutete
241 FFe A B7h AT oxie] BEse. w
A FE A S Foto] AIH &9, 22719 A

5% 240U A% % B AN YL A4S
Welslo] TS +HE Wast ok T, EUE )
B0 A4 BTN BAGFO A ATE AL
WHEU IPPC, 2006), &1 A (Reference documents,
REF) eyt Hlo] BAT 7124 2Mo] oo ulma
ujofsit}t. IE|EE BATC utiE 9ot EUSQ AHIE
FastE s, ol 7|We R S A4 g BAT 4
4 0 A4 B o) Basicn Awd.

3.4.1.3. BATC 2+ HZQt OFA

=] BREFQ] BAT A% A] 18 AR 8744 -71&
- HLA-AAA 472 FAHE0] YTHNIER, 2020).
SFAEF BATC 2o 2 Q3 A3 A @ &% Hiore
Aolng EU AHHE Z1sto] BAT A% =9t
HET Za7t itk A& 50, 458 AH9RY
ZAF At B A4S AESH] vjE| L Hoks)H
. BATC 235 A%t si7pAIA 2AF E29hs st

Zolt}. olo] Blslo], EU At 5 %A} Hlo]E|S 74t
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3.4.1.4. BATC 7|8t 5{7}-0[3 ot 42

BAT 2§ 9|58} 4TS 9I5to] BATCE =steiet
= ARAe] 55 o]Be olZoly] SlshAE s17t
AelH el A7 BashL, BATC 7]9e] 57kl 9
3 Y AFE PEsich IO ofp] BATE Mo
& gratsty 5% 5712 olWetn U 29| AT
7} 941 SElolof Ak BAT 482 W4 2402
FBBelel g3t 44 712 Foe el Tt 5

H A%, B WS 2% PYAR 52 WL PR
S BATCE 7]9ho. sk 5)7hol weke mAlg ¥
27t 9k

3.42. =4 Mg ofH o Sy

A% 7hsd A9 ujdet §8 5 AA Ao
HBH AEL JAE AAH 58 BANSE AY
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Aol Folg EAstaL ol Higt oS A vid AFE
Pkl Il 719Ee] 54 e 9 gady A3
7I5to] & ESG Y Ade AT A M SHEE
of 2t

A BFAAEE d7l ALl fF wEA
d BT} o]FofA AL et ofo] whet 2A7kAL Sfe)
=429 o5 ¥ 2dEdo] I7iste AR T4
SR ot dHole 247 wiE A1, fofeiekEd ol
T 9 A 59 A2 ST tiolA Al
o ltt. ol A=A A FAE NS fi5to]
ZA7IA%L etEd 59 LHEd HWiE e AR 2
oL, B A S5 ARt AAIE AETE 2
27 St

SHEEEE "ol He s7tAAEe] WEshe =

Ak, HABY 5L BAT 5 Ak TA BAL 9%
of 3 E

oIt} oleiat @ SAAES] Bow QlEAo] et
Hot gAY SReATe 442 o 2 4 ok

3.4.3. BEStVIE 78t 2F & Lat

24l 71& 715HY] AR HAE Ao g @ JE4 Hlof
H #E 9 B84 =0{0F §}. Park et al. (2021)9] &
Foll A AFECIE Yl(Internet of Things, IoT)¥} IFA|%
(Artificial intelligence, Al) Zd 9] = 7|&& 7|Hlo&2
g AntE SAWA A= wiE 2 FAAE] AR
A AM=Z &G 849 AAIZE HYETo| 7hssitt.

A 7| E LB A A E(Stack Emission Management
System, SEMS) &% A=+ AARE AR gHI} ofgy,
5] 18 ARE BTl Ao BETE 24U o
A, AEGA7E 7INEe] S TE AAE =Ugt
W A7HEA Y] SIS B 4= S Aot IoT
ASALEE A AE 29 Am 9 AAIRE a0
7Fssitth. gt &9 HolEE A 4= e Al E2
71E A RS} S-S &Eoto], LH9EE ST
HiE 54 4% 7FsstA @ Zolth. AntE e

Journal of Climate Change Research 2025, Vol. 16, No. 1

= i B ‘IQr—)l\—Io-I - BAA

- KZoh - X3 - ok -

Ofol

- ZEy

AAlE ALl 1A AAA A a&sle] 7|oe
e, ASH Hlolg e 57 A] BEo= I A
AL B2 AAY AHE 798 & 5 Ao
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o]tiME, 2016a; Park et al., 2018). 20244 12¢¥ A= &
A7ty Aol digt S7F eRREE A, ol
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olojut Al7l% WA Emebe A AU HA%T
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