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the industrial sector?

Kim, Gyu Hyun" and Lee, Jiwoong™ '
"Assistant Professor, Department of Economics and Finance, Keimyung University, Daegu, Korea
“Associate Professor, Department of Economics, Pukyong National University, Busan, Korea

ABSTRACT

Greenhouse gas (GHG) abatement policies are generally categorized into market-based instruments such as taxes, emissions
trading schemes, and command-and-control regulations. Many of the GHG reduction policies implemented in South Korea
exhibit strong command-and-control characteristics, and one of the most prominent examples is the Target Management
System (TMS), which has been in place for over a decade. This study empirically examines the effectiveness of the TMS
in the industrial sector and investigates whether the emissions intensity of affected firms declined over the period of 2015
~2023. The study uses firm-level panel data from 2015 to 2023 and estimates a fixed effects model. The results show a
modest but statistically significant decrease in emissions intensity over time among industrial firms subject to the TMS.
Although the effect is not substantial, it is important not to underestimate the impact of the TMS. One of the system’s main
objectives is to establish greenhouse gas management capacity among small and medium-sized enterprises and to establish
data-driven emissions reduction systems. The findings of this study, in conjunction with the qualitative achievements of the

system, are empirical evidence supporting the need for continued advancement of the TMS.
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1. M2 A ABFAL QItH(Cramton et al., 2017). AAZ EtAALL BY
SHAYA= 20259 FA F2YE 2eFoto] 557 A]

LAVIAS Fo|7] Y3 FAHHo|= JEHOE A A Exe 7oA Al Folvh, ok gHE Aos
FEE B2, NEIANA 28 99 9L B4 ATEH
(Command-and-Control)7} 1TH(Phaneuf and Requate, St HY 9 SAl= AE7E AlRloly Z1golA F9l
2017).  ©olF Algeold HiEdAHA=  AR7IEE = SfIoKGHA] Hotof) Sh=A], Ei= ofEA SfokSHA] T
(market-based instruments) 0.2 BEE|w, tjct4=9] AA| otop) sh=A] 2| FAIck= AL, THHH HofofA
Sixl7} LAl7t o] 7HAL BEilsls o3t ElAsAA| AsHo=m g AREEo] & WHAoltt. B9 W SAl=
(carbon pricingyE 2A7FA IEHE 9% EQx70=® 2408 HE oA sLsHA HE&E7] wEel
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A F=Y FEY IF B, = JAH 8= lst
of gdskd 4= Ut i WAL A A 1 o]EA
(heterogeneity)o] A JthH EA7} AT 1] At
A Haedd 4 v ©Fol Atk 7|5 Hsker #
A=, BT A HAZ HiEHol il AZ AR
Aoll= & AsotAR, 2AVAE O9A] ¢ gl
= X o] QIth(Tol, 2019).

O|2A o 2= AP 7|HE WAlo] a8 SHA Wt
I grpA et A A= A5 BE R B4
o] AL 7Kt AAR Syt Alfsk e B
2AZIA 5 Aol By W A 4FS 7L 3
o, i 7EAQ FH o 2= 2AVIA BRI A| (O]} ¢
A, TMS)7F it SR A= 2A7IAE D%
2 ol HjESe Q) EE AYYE o dd
SRS A9, BES UTHRS A9 BHEY EL
Hlag Batels waolth o AR olgut HR
et FAMSI] AN 20200 FEBEYE
BAU (Business-As-Usual) tH] 20% =2 243517 9
gt 38 AP O R Aghd YT} 7] 2o LA
o] 20109 14 PFAECh o]F 20109 9Y 2A71A-9
YA xS AA7E Hx AR, 20119 99
FAEE FSER7E A= 0] 2012dRE HAEHIL 9l
o} 20159 HiEHAHA Al o]F 2A7EA HiET} oY
A Aol W AAES HEHAHAR o]dst L
o, AT 98 7R o SaE dA L ARl
EHETYA A8 T QIth2024 71 32570).

ojo] & A= AlFE A 10d0] Hie SRTA 9
BIE AARES FAHCE I} YAEAE AFH
oz BARI FAFCR, & At BREA AGHE
£ A 7149 & Yh?(emissions intensity)7} A]7Ho]
Aol whet FASHHEA RS 2015 ~202399] 7|9
4 g ARE 1H8d 2P ol-&oto] FHgh

2 A= Aol Agol wet SRxEA AR o
& 7199 HiE AERI7F LFolA|Nt A== Aol 3l

gt ke Aol
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Table 1. Selection criteria for TMS
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2. 2A7tA SHEZN e H dY A3+
2.1. SEHN He

20259 @A HERBAA = Pyt 247kA A
TEEH 20309714 2018 FHIEFS] 40% HEHS ¢
3 2A7FA TS AAIE HEJAR AASHL, olE
AAo SA7EA HiETol W ASHRE Fsto o
PAAE AS Tt A2 o Hrk(Korea Energy
Agency, 2025).

o A= 22 397 Hit 2A7ES HiETol %

3

A7l A8 At gaFH-=4GE 718y AFE,) o
QA L AIFL=, AJZEo] A

Bold 712e zTee
o] we} Table 17} o] Wste] St

BRQAE o LA~ W& @ oA AR
gt WAAE 3] AEshT, 9Gol HRel Feolstol
A 2% ZRE 44T 5, AR o|FAAL &
Yot ol AdE 197k Y ZRE ojgsti, 1 A
32 AAPEE 39o] FRo] Busks X7} ujd o]
oAt o, 202410 109 A3 A WAlow 7EE
B 474 9P WAk, BARe] 745 717 WA sd
919] T Srigto] whel, 2026 ~ 3092 THE 4]

Until 2011 From 2012 to 2013 From 2014 to March 2022 Present
Company Installation Company Installation Company Installation Company Installation
GHG (tCO2) 125,000 25,000 87,500 20,000 50,000 15,000 50,000 15,000
Energy (TJ) 500 100 350 90 200 80 - -

Source: Korea Energy Agency (2025)
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Table 2. Number of firms under TMS

Designation Year 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021

Implementation Year 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
Number Desigation 470 | 497 | 586 | 642 | 840 | 361 | 346 | 359 | 393 | 419 | 403 | 350
of Firms | Implementation | 434 | 459 | 540 65 218 | 240 | 284 | 317 | 345 | 334 | 319 | 296

Source: Ministry of Environment (2024)

= AG=EH(Ministry of Korea, 2024).
SHEHA A BYAA $= 2014W7HA] A &2 0

AARAZ AWE 20159 oI5 oF
400917 =& FAstaL QIth(Table 2 ZX).

SHRAA A7 = TR S7HIEFA 2b
Aok H]Fo| uf-¢ Rof ZxyejA|e] Y Fido] of
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Atk GFE A7t A= =Y 27| o]FoF =T, Jin
and Kim (2015)2 Z@ye|Aof ot AF AAS
Hgo2 HERARE AAISH, 1 A3 sig A=7t
A4 SAH R JFS FHAE oA AFe
o|FojHthal Hrlstict. o|gH; HF o] 7|5}t A
Adte] gt M27F dE2AFE 3% Yun and Won
(2012)2 =@ A | et BIIES $55to] ST
Ao IS LotHSIth AERAL 9] A5 dAF2E
Kang et al. (2014)°] Ql=d|, 152 A mEHEA(Data
Envelop Analysis) o|-&sto] A tid AA 5
- R4S AAo st BE&FQ 2ol o|27]
AT 2A7IA HiEF E oy A AMES Sk

7 FZo] o]Fojd AF A= Kim and Noh
(2016) 0. 2 A, AP AFEY] 157] FFofl e 7]

=2 S&-EH7PE A (Stochactic Frontier Analysis)O.2 3
Aottt 24 243 719 AAQ B 24A7MA IA5E
42 ERIA7E AZHE 201249 /A o]F 2
astehzh, MiEAAHRA 7L ABE 201580 E 072 A
AEPSL SQl5tch A Lee et al. (2017)L 2R
Aot viEAARA stolA ASE A7 HiE A
Fol& B4t o, HxHA o v|ste] wiEdANA
o 7% Ak AdHez te Aoz Bolsah

olo & A= HiEHEAHA AlF o]l 20158 FH
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2038714 9] WY ARE olgsto] AYRE 7S]
o) WjE YUY 4 RS ABHom AwEch ok
71& d7oh M EolAel ol BE, odo] AW A=
2 olgslo Ao AFAHS BAGow AR 4
o4 o]} et

3.1. HOo|E R H=

2 AFE H%t HolHe I7R2AVEA SR AIA
HA(NGMSPE o 42 EZRdeA dddA &,
ol x| axH|F A= 2} VALUE searchof|A @2 tj&d &
A2 FAEo] ek 2015 ~2023¢ ZHEH A 5lo]
RS AFAFE 719 1927] JA Y] B5A] 1423702 14
ol Aa, Sl JATE AFRASAY Wl Fe7t
Qlovg E% ud(unbalanced panel)o]t}.

Z&Hp0] HfE Y (emissions intensity)’ = A7t
2A7EA HiERH(CO2yE E7IRAE AT miEA ATt
Weg Ue fo= Fosiaitt. A A3 FA,
FolHA Ar&(energy consumption), {FHHiE BlF
(indirect ratio), ZZ4-19 7]7H2020 ~2022)2 YE=
HuHSE TRt HuisE A QR 7 W] 7|2
EAFLS Table 33+ 2t

Table 304 FE Tt F2 HHE WIS B+tol
T1%ZE W9 Eth= Zolth. ZEAEA 4} 7|ho] F2
FTA7|AYS A, APuiEETe dEoly A9
H|S0] &5 Z0|EE ol JAAHH

2 A9 TSRl HiE Ae91e] HA(overall), 7HA]
W(within), 7§A] ZHbetween) 7|2 FA 2 Table 42} Ztt.

Table 4255 7JA W H2}0.023)7} 744 7+ k= ot
= & 5 12H(0.010), ol A7t WE HsL F8
T US AR

=
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Table 3. Summary statistics
Variable Obs Mean Std. dev. Min Max
emissions intensity 1,423 0.004183 0.025474 5.33E-06 0.904948
energy consumption (GJ) 1,423 453.6114 635.9303 41 11993
indirect ratio 1,423 0.774138 0.220312 0.040011 1.000157
source: Authors’ own calculation
Table 4. Summary statistics of emissions intensity
Variable Mean Std. dev. Min Max Obs.
Overall 0.004183 0.025474 5.33E-06 0.904948 N=1623
emissions
. . Between 0.010753 7.15E-05 0.108254 n=192
intensity
Within 0.023347 -0.09865 0.800878 T-bar=7.41146

source: Authors’ own calculation
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Table 5. Estimation results
VARIABLES . (1), i (2), i (3),
intensity intensity intensity
trend -0.000577"" -0.000594™ -0.000628"
(0.000277) (0.000277) (0.000314)
In_energy -0.00808™ -0.00793"
(0.00356) (0.00358)
indirect_ratio -0.00757
(0.0194)
covid19 0.000519
(0.00159)
Constant 1.170" 1.252" 1.326"
(0.559) (0.560) (0.634)
Observations 1,423 1,423 1,423
R-squared 0.004 0.008 0.008
Number of company id 192 192 192

Standard errors in parentheses, ~p < 0.01, "p < 0.05, 'p < 0.1

oJ7|A] intensity,, energy,,, indirect Ratio,~= ZYZ} 4
A o] tdE HH < AFAEIEZ/NE), oA &8,
g vlee verdn () 22419 7|zke
B+ Yo (dummy variable)Z, 202055 20224
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