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Analysis of Energy Efficiency in Korean Manufacturing
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Junghye Yun - Sangmok Kang
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f: 2 379l X2 2005HFE 2019H7HX| 2|Lt2t 100] HZEHQ| MUK 885 SFA 22 0|
to] 2Mat= Z0ICh 2 A7ls HZXYS SHORE 77HK| 7|&H|S 8 HYH (UX] & SR,
jof =08 HEN, W7 |2, Wt 2N 210 7|2)2 B0 ESAZT 845 HE5 SFAS 0|8
il =L 154 2H2 FIPIRITL U] AHIE SIA7|L & X SEDFRL0] H4X] AHIE
AAM7|= A= LIEIRCE 28H £ ZR0ME HUA| & SFX2ARS| F2, HIS0| S71E+5
SO)IM S22 UXIFS LEMLY MU §88 ZAARITHE ZIE B0 otgd AHHE UK
S8 BMZNNME SaletS YR OfLl2t OfLX] ToFH AU £3t= 13 345, 4R, ZUSE S
2 HUX 2840| 2 23U K2 UK 285 B,

SHAUFHO: HHRIEE, St= HZEY, HHX|AH|, HUXZERZAS, SEHAREY
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Abstract: The purpose of this study is to analyze the energy efficiency of Korea's top 10
manufacturing industries from 2005 to 2019 using the Stochastic Frontier Analysis (SFA)
model. This study estimated the energy efficiency using SFA, which applied the translog
production function to the seven explanatory variables for technical inefficiency (energy and
environmental capital stock, imports, exports, sales, average temperature, average
minimum temperature, and maximum temperature). Phase one estimates show that added
value increases energy consumption, while labor and tangible fixed assets decrease energy
consumption. According to the estimation results of the second stage, when the ratio of
energy and environmental capital stock is high, the function’s U-shape changes from
negative (=) to positive (+), and energy efficiency decreases. The results of energy
efficiency analyses in various industries additionally revealed that not only heavy-chemical
industries, but also primary metals, petrochemicals, and assembly metals belonging to
energy-intensive industries, showed lower energy efficiency than light industries.

Key Words: Energy Efficiency, Korean Manufacturing, Energy Consumption, Energy and

Environment Capital Stock, Stochastic Frontier Analysis
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l. M2

A7 A EH(WEF: World Economic Forum, 2021)°1 &Jstd, A AlA14
O% JFE W Y= TRV 99} oM 7| SR Qls -5t EA 5t
I 9= oS AR KA, 18 59 AAE F7F ARl Byl
A g2 F¥FE £ 5 Ao SkGinh 2320200 715 RS S
flsl =7} 2t Asol SRR A AF5F A7 AAFA Q] 7]
£ 50| HHA F8 4] @ Aol JFZ & Aol sheih

Wste] 72 89S SU7kA HE3 BRiEl] Uk AT LUAA
o 7
)

7

| 701.499HE CO2eqol™ 19909 thH] 140%7F 57t
D EiETF F 7P Wol AAJol= Ao] ovA] £ofoltt. o] £
ok= & HiEFY 87.2%(20199 7IDE 19909 thH] 154.5% S7Fot3ATt.
S oA Eof &S] 99.3%F AA ok AmAac] o3t olitslet
& HEFTe B2 W A AIAIA 790ITHIEA, 2020).

o] 2ATEA FHIEHE TS A4 oy A Rokg JFH L
& 29 a7t ek FA A 7] H(EA) 2Jstd g=9] 17} ol| A5
9] 85%7F st A= o], 84%9] w2 oUAY9E, T [FA 27}
1 BRI HZoUA] F 5% AMRS AE g 7P B2 HE

A5kl St o] 2gh M YA AR O & WA S o]AtsletA HiE
2 £017] A4 TR FYAA ARE KT & Sl= ovA R
Mol FQasirt2) 53] AbjHzo] oy x| thau|AF(AR35t 5)
o= AH|7F F7FHHEA 2719 AR 201749 71 0.159%

OECD #H+(0.105)Xth &8/d0] ¥ %o SUth3)
2 Az Hl5o] =2 571 F styolth. Ads] ZEU19E ls)

( O{N
(2

1) AF-2¢35HR)4>(Global Warming Potential, GWP)E ©]-&5}o] A4}, o= LULUCF
&, EX O AHREEL2 A 95t A Q.

2) [FAE oA &-&0] X &7hsst 229 AU R A A ] A HA A=o|1 7 oy
AAge o R 2t R ELY AEZA | AR (FIHA|/GDP)E F
E ARESHL it

3) A &&o] FHEFE A L= Wobkint.



sk MERY oluXEed 24+ 125

AAZAY BEE(-3.3%)°] 2t2te oA o= ALY ES AXY
o= 9lg] -1.0%= s} H]E&-0] Wkt (KIET, 2021). =2 F-AAFA 7
HF7]7-(United Nations Industrial Development Organization, UNIDO)
9] NAAZAE A2 (Competitive Industrial Performance Index, CIP)
Aol A AAA 55 AT Fro] =52 7L itk E3 59
SAAREANA F GDPollA A2 RI7PHA] vls & &4 ARY
FEo] AYAS AA|ska USith. 2018¥ 7|EC & GDP(HE, 109 &
2t =2 38 S7F(19] vl 29 S, 39 9, 491 597 Ha Y
2 1 =2 CO2 HiEd 79, LA an[FH2 109, GDP= 129
At sHAT AR HS(FEH)S e F7HEF 11.2%, S 28.5%,
L& 20.8%, =L 22.2%)HTH 7 =2 HIF29.1%)e AA6IAH. F2
=7+ Bl W3S ), GDPO Hlsto] g9 o A 4|9} CO2 Hi&EF
o] Wtz A & & Qlth. oA oA Adikol ko] HFo|A| &
H[o A 55%F At T4 ARSIt AT A2 BlSol vE =7

of Hls] 7 =rh= A} W] Stk o]A Y 9] RAVLA JHjES
9] tjFzo] A2 FzolA TASER A2 FEolA |z ag

ol Ao AVIAHE A5 FFE vE & g Aot (C1&7],

%

= .
Eg HH[R]o} ApEel
(Logarithmic Mean Divisia Index Decomposition, LMDI)Z} A& E2HEA]
(Data Envelopment Analysis, DEA), &EHFE4(Stochastic Frontier
Analysis, SFA)O] &o| AREE 1L Qlct. sFA|TE LMDI ¥ AJAta I -2
2, ovA Adrars EAste 20R YA ZETS BAHA] &
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=t}. &3 DEA= && 2 *Hrandom error)& 7|&H| 88 2 Htechnical
inefficiency error)ol] E3FA|7]7] Wl&of 7|&a8& S04 FTLo] 5t
A7 VAT SFAZ ©]&5HH o] £AIE AT & ks o] itk 1
A 2 AFollME oA EE B4 A SEexE 133t SFA
ol ARES A gt
SFA AW S ARG A2AT o|A a4 #HE AgATsS
ojMEH EAstoict. A AxYPl et o] HI= AR ] APA
T=< Boyd(2008), Boyd(2014), Shui et al.(2015), Honma and Hu(2018),
Sun et al(2019), Boyd and Lee(2019), Hu et al(2019), Na et al.(2019),
Haider and Mishra(2021) 51 34
Boyd(2008)= wl=9] A2y # Uoﬂjﬂ 34 a9 AqUA AMgEES
ottt FYUE AYFSFE ol&ote] UARYZE TEHHSE FL
A &5 AA| 3749 AH-E Sl A4Skt AE dRde F 7L
-.?—03_4 iR &84 45t Boyd2014)= £YU= e o8
EPAS] ENERGY STAR Z= 137} W% ENERGY STAR oflvA] A3
¥ (Energy Performance Indicator, EP])ol| QJa} &4 AFsAF A% AHA
A4S 2003-20054 Atel9] £ £ AUAIEHAR, )
a8} 1997-20004 Ate]Q] A¥HE H|wsFRATE. Shui et al(2015)= A=
1 B2Y9E S8HTE & o ARESto] 39 A4t fEEE 4] o]
B S 7o g st AlRA9] ovA aeAdE 785t Honma and
Hu2018) ¥ 477 =eids ddos 227 FUe SFA AdHe
o|-g-oo] HELLEE]0] FQ 40L& A-E(Total-Factor Energy Efficiency,
TFEE) S5kt 477] A9 t=Alet theAl7}F ofd 2709] TIFo =
LrolA] o] Yokl Az v, BIAZRAY HIS, AF AHlA
5 M A Hpse 189 oluAaES S5 Sun et al(2019)
< 200099014 20169 717t B9t =9 267 AR ©A BEAY F

mlo _ T} El> _IlN'

m{n

g 9% s ARG BRI LW tANE BLYS T
717] 915) A 1Rk Az 714S o ouix] Aokt hE g
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7 Abdtzol "asttal ot
FHH o2 AFH9 oA &aLA o] ] SFA FLHE ol8st AP
FE= A82(2012), U&A(2015), A4%-0]A&(2017), A&4(2017),
ASE-ZAFA2017), 9&A(2018) 5ol Utk
822012} 19909FE 1999971419 §=r9] F5Y BARALE
A L AFHZ 7|29 oA Lt9|et SFA BHHE o83t ol
Aag 2IE v 2451t 143 olAg(2017) FAEALTS
£ o]&stof 2011-20159 Ate] AREsHAES AHSohe 7|9EY oY
AaENE AR BA6tqrh &3 g /3515t 71959 A
A7t oA ZEgol vl FFol dojAz B4t U-aA(2018)
= 1990@011*1 20129714 OECD 107§+ o= oA b 5L
FFS QA2A FUWESYAL FFoUR| 9 AATMAS BAES
**X*o}dt} E3 AYHSEA ZH2he] o) oA, B2, A
2] g4 Ala3A 9 74, H8E7]7]0] et AeRaE 286t 24

J

2] olejdt APATFZNA 0] Az Aol e SFA HHES A

242 SR 7144 vag el A5 e
SHBAL 2P BAV Ik 1A AT ARSI 2
g o] ARIURS hyo R SFBAAUSY 243 7144 Hl;%*é %

AN

491 U SFA R4S S5l 4 A
om Qick. AR ol gorE 37447 Uk, HAL ] A=Y

4 v)ag B TS WA} gk Aol
| ST AulEA] ) GTALEE AL
X7 oA BAAFEAE W% Aefe] 02 oA EES] HEIE B4
Acke Holthd Al WAl oUA] B BAREAE HF, 29U 9 £3

4 B A7) ATATHE ZAH=E0002)2) ol ek ARksieiTh $41 K(D) =
(0/3+8)% 018 27] 5 Belel ARAmf A TAS w07 2ot
KOS 1719 REAE, ()2 17]9] U] @ Sgua HuEa, ok B4s



2 e o5 go] HAEH A2gelAs = A 9 A2
ofxel & AtellA ARgst zddietrE A8 dERAST it

AEAT UFE 13443

Il. 0|22

B Ao A AR SFA B2 Aigner et al.(1977)°] s A& 474
=3It SFA= oA &Rt ofye} dRtd o2 g4 FAok=T A
HhBoyd, 2008). £ Aol A= Battese and Coelli(1995)°] wat 1544
oAe STy 4 71ed HaES SA5t 29A A=
d&H 71e4 Hlae avo] tiet ARAS ok 28 HAEHS AR

d

gttt 941 Battese and Coelli(1995)7F AIAISE &3 BAH0] 712
Vi = exp [f (K, Liy) + v — uyy] o)
o71A v, = NE A} 19 v] S BAE, f(K,. L, )= AR

Z Yehdith v, = FEAEA iid~N(0, 0?) 07 BRI 2 =Y

Aolt}. w2 71ed Haggy add HeRA HESol
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By
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2
o
B

i
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ph)

iid~(z,,6, 0%)9] AHHFEE(truncated-normal distribution)

(2002) 5 HBATONA AGHT U WIS 6%, 81 27] 59 S JFE
A9 AUAAE et olF A& ALARL K()= (1-IK(-DHI, =2,
2 o8] F7g3knt,
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TE;,, = exp [~ U“] =exp[— 20— wit] (2)

InD,(K,, L, E;,Y;)=InE,+ InD,(K,, L;;1,Y;) 4)

A2 FAE AHdre Dp(K, Ly, B, V) E AHTSE A3

5) o] st =g Zhou et al.(2012, p.200)5 Y&t
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£ Y4 d-FHE FASHH o2 Ak
InDy(K, L, E, Y;) = fy+ BgInK; + fIn L, + B E; + Gy In Y, (5)

+0.50 0 K2+ 0.53,,InL2+0.53 5 In B>+ 0.5, In Y
T B InKInL; + BpIn K InE, + By In K In Y
+ 80l InE + 3, InLInY, + G lnEIn Y, +v,

A7A v EAH oS HaHe BBl M £
Aelgzeol] 13 5A340] EAS Rold Dy(K. L. 1.V, E Theh 2
o] EAF

InDy(K,L;,1,Y;) = B,+ 60K +8,InL, + Bnl +3,In Y, )
+0.58In K2+ 0.56,, In L2+ 0.50 5,10 12 +0.53,,1n ¥}
+ B InKInL, + BrplnKInl + 5y InKIn Y,
+0 0L In1+ 6, InLInY, + B Inlln Y, +v,

AG)2k A6 A@l ddstaL Felshd vt 22 42 deth &

L il

InZ; (ﬂleani + Brelnl; + Bgyln Yz) =(1- 5E)1nEz' 7)
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—InE, =5, +ﬁ,,1n BN, + Bn K, + 8)
0.58yyIn Y2405 B,InL2 +0.5 B dn K2 +
ByAnY; lnL”JrBWAH Y, InK, + B lnkK, InL;, +v;, —u;,

6) 4 (5)9] #HH ] A== 4(8)2] FEHF AN = FH2 Bl A&} uR BA]
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Wiy = 0+ 0L+ 6, I M+ 6B X+ ,8ale;, + 05 A T+ 6 LT, + 0:HT, + €y (9)

wiy = 0+ 6,0+ 51]5 + 0oIM;y + 03B X + 645aley, + GA T + 6 LT + 6:HT + €y (10)

A7 w7148 HRLQAYOID 1, [M,, EX,. Sale,. AT,
LT, HT, & SBAAUFE o183 13 2404 A5 dssat
48 5 gl oA Wage] YL TAE AEusSolt. 247
A9 19] 7] B9 ol % BAREAE W), £ HIFIM), 5
of WFEX), HEY HB(Sale), BEIAD, BRHALT L Husle
(% b, oA @ BAALAENS ET A1EH HEEE
2H20E BE7 B ol S8 TS QX 29, B Aol
£ 714 aey 2HRASE HFOR WEslel ofux SR
H% Sefol] U2 oA Re WalE EAsT H10S 19 HRHe

& A 19 Aere Eaeka ek AelAl A0t Aolsht,

Hd

o]}
E

JL,OL' A

1. X=e 74

£ AFolME 2005878 201997H4] sidHolEE ol&3) 2= A
A 4G9 vz &S ST (F D2 & A7oIM AR

7) B EAR A7} 200576 EAsH] 200595 A1t A5
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E AR oy aE], RIS, FRLEAAES] 72 B
g= B o F7PHA(Y), 798
(KOSIS)Y FAA 2P 2A ARE AFESHATES) AU A &B|ZHER =7F
AR EATLHEAI LR (KESIS)] oA A SA AR

X}Ii% ARESEATE AU AR Heol Sg s AR ARstet, H

=1
&, 12 54, vEeS, 2HeS SAEH, ARdE, SAGE, 224
511, ZIEAIRA o2 4 E o] ATt Istans®] Abt 799k KESIS] #
F7F AAolote] = RHFAIERE rsf KESIS &7 =] 94 =
%ot} 10
(ENDI=SHE
e Mean Std. Dev. Min Max
OflLf KA
E | crop 1 000me) | 10863 17,699 180 72,091
Y | o P 4,500,000 | 10,100,000 95378 | 38,300,000
e wprey | O 10100000 | 1195378 | 38.300.
zojps
L | @ers 99,529 75,054 21,222 273,465
=Tl ©
SR
K (h9): Hyat 2)) 19,700,000 15,900,000 901,818 66,500,000
2. M+ 49
E QoML 7|ed vage ZAHQRI0E AMREE oA U 34

8) AteFol| iz Ajste} Afu| A7} EFE] o] QAT Abdutct Aol gt A Fat Au| 2] B
& 2po] &2 Qlaf F77Hx| & AHgste] 45ttt
9) AFG AT Istansolli= AU A 8| A= 9] BAH SOl A AlFohe A
55 B0t AFota qlon BALY7|HEE o2 AYEFIES SAHEQ
Istans TEZ AA A 7|1 AL
10) KESIS R EH-7+= A-7-3FH(1201 A-R-31eh), HlE4:(1304-6 -8, Alete], AHE),
12 241308 27, 13010 F2), v]AF4(1309 ¥ EF%), 283451311 285
%), SAEN(1401-2 S41 &, 2, A-5-20E(1403-4 AR, o), EAR(1406-7
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B35 nco] 9 et HES 229 T A 107 449 @AM A 4
SR EEEREEE
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F50] 7kssith. 53] 20189 7] e GDPOIA +E2EL7} 35%
2 59(39.5%HETH WATE u]=H8.09%), YE(14.9%) 2 H]L =

oIt B A2 Y &N (Sale)d] F-5-, TS HoF7] &
o Ay &g BAE s & 7 Ut &, wWiEo] oA Hl*}
& AFol ozt o| A AMgo] &2 AlF wﬁﬂi o] FofAH uiZ
AquAElaed F+H) BAE 7Hd Aol

71 (AT, LT, HD)Q| A¢-E& AuAaed] §3= vd = St 5301
EQ021)s= 7]2HSE Qe 5AEe] AF £27F HEA L HYE Q)
3t AEHA 508 L= AMAAo] YolA & 9lthl YT} 7]L AR
A BN Lok US| gAkEo] g u]xy) o] HA) A%
d BTt oA ALgTE AA= Aol ;estol MEslgict.

94 (& Dk UARLS ZHSHE 29419 A%E nojzt 2d
1215 13§58 E 4901 29 2k 15 24 B & 32527H0]

95 21 EH] @@%I(lkehhood—ramo test, LR)2 0]9-5}0”“:} LR
A7 LR=-2{L(HO)-LHD} o]-&al] A2k 45 AFEE Hi= 7lolAlF
HEE 5o 3Tk (E 2)9 7P ofoll LR AAZE= AAlsH3iTh LHO)
(y=0)Z AF7FAZ TheF IR A4 gtol 1% 795l 21.675 94 &
=0 71ZtEojof gt £ AoAe F BY BF 1% R4 9A
H= dol AF7HEol 717 o] °11L111‘31§° ANE 7Hste SEHA
TrE ARohe Aol Aeittal £ 4= Qloh. BAKSigma-squared)?] £k
3 Aoky=o2/00) 9 ol 7128 |, 24 W BF 1% sEA4 79
StAl UrEbetth mte] gk Boto] HAl o2 A9 7]&4 Hage
A2 A 4= Stk
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A 15 23 EIE (E )9 2k IV F@2 FFOR folt
ehgeh. 2, AEo] Z7K48 ofuX o] Z7Hitky B 4

0] Al&Eo] ZolALE A So] YAEES ) w2 ZY
Tao}ﬂl HHA oUA] AHFE A %7}?}1:}{— Zolt}. ¥k F
F(nD)e FFILZAAHNK)-S 1% fFoleolA 509 4= 7
© =5 AHRAEC] oA S A EA R Ed ARAEC] SIS
= U] AH|Fo] AT £ 4 9tk ols & AFoIA ARgH
712 E%2 o x| HeoF 2 e AHH AEAE SV A
o 710 g HQIth19)
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i

m %9
o -VL

nHN'
2l

[©]
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E%“Wi

2 =)
Az HZEQX Az HEQX

constant —-91.118*** 1.040 —-97.192*** 1.244
InY —32.157%** 3.283 =17.057%** 4.679
InK 30.319%** 2.629 21.764%** 3.975
InL 18.900%** 2.449 10.863%** 1.902
0.5%InY"2 12.164%** 1.772 7.792%** 1.367
0.5%InK"2 2.327*** 0.836 0.023 0.647
0.5%InL"2 2.363*** 0.787 1.9771%** 0.659
InLInK 3.109%** 0.608 3.107*** 0.474
InLInY —5.833*** 0.900 —5.039%** 0.605
InKInY —6.205*** 1.171 —3.449%** 0.928
o’ 0.262*** 0.040 0.230%** 0.030
v 1.000%** 0.000 1.000%** 0.000

Log likelihood -103.252 -88.274

LR Test 127.463 157.420

) % 22 5%, 1% 220M R9EE TE.

14) A7) £ A=l oJ5hE 200597 20199THS Bl THS 1) AHEAEL 107] 4F
o R F7ISHAI, REHS He- =, Wu- QS A9et BE 4elo] F7Fet
k. AR oI A Anl A B8, 13 35, 2RRS, 0 8BS, &4 T 9

ol 43t olF YFoIAE UL B o Bl



136 - SAHM H30A H25

(F PNA= 294 ovArlaee] 4430 AASHT. 264
o] F&HPE ouAv A eato|tt, e 13 2 29] A¥E v
ot 2d (oA E UAFHAEAES 12} HpT £ B 2004
= 2X} HEE TolA 1 Zo|E FI5igth T Hdl o mz@ﬁx}i

AE() HpE AQdstd 11 9 M5 FHAS 42 I AolE
Ao HF 2 Bog Folsigit
mﬂ 2 194 13 0] FA A= A SZARAEL oY
AR aE FHHY BAR FH0ISlt &, ANUALHZAREAE F7T
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EA o 75 Z2s17] fsto] RS

Aot 22 A7t B Ro4

Hoj=qloh. Ags] Tl UAgol7]&
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UEbdt &, ARAoA | A & SHARARY] F7H= ovAas
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AREEE 107] AFS ZReE AA A2 oA 9 ST HH|FE
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