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ABSTRACT

The goal of this study is to introduce greenhouse gas (GHG) Emission Efficiency (GEE) as the index to evaluate
the effectiveness of GHG mitigation policies. To define and estimate GEE, we rely on the concept of multiple output
distance function and employ stochastic frontier analysis, respectively. The data set used in this study comprises
firm-level panel data from 251 firms operating in 15 industries under the regulation of the Energy Target
Management System, and the critical variables for estimating GEE are GHG emissions, energy consumption, sales,
tangible assets, and number of employees from 2011 to 2015. The main results are as follows. First, the average
GEE of total firms improved in 2012 and then decreased in both 2013 and 2014. However, it improved in 2015
with establishment of the Emissions Trading Schemes. Second, the trend of average GEE across many industries
was similar to that of total firms. Finally, the average GEE of the refining industry improved rapidly in 2013 and
2014 and reached a peak in 2015.
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Table 1. Descriptive statistics of variables

Variable Unit Mean Standard Deviation | Min Max Number of Observations
Greenhouse Gas Emissions tCO2eq 2,032,158 7,629,733 948 77,100,000 1,255
Sale million Korean Won | 3,930,000 11,500,000 234 | 158,000,00 1,255
Energy Consumption TI* 25567.62 87439.89 18 863,564 1,255
Tangible Assets million Korean Won | 1,320,000 4,590,000 216.00 | 52,400,000 1,255
Labor person 2942.303 8843.793 16 101,970 1,255

*Tera Joule

Table 2. Number of firms in each industry

Industry Number of Firms Industry Number of Firms
Semiconductor - Display - Electronic 23 Power Generation 30
Petrochemical 57 Cement 14
Steel 23 Machinery 8
Shipbuilding 8 Nonferrous 12
Textile 11 Refinery 5
Paper 33 Telecommunication 4
Ceramic 11 Mining
Automobile 11

TElm 2 AT Grene (005)0] ANE TAZTF  2Blith OH LA RAMlEaRAS] Eoire BAKO
(true-fixed effects) &S 8319}t Greene (2005)2 Z+ 2 AvB7] 98 thee] ARUPEE HAAEH E]—
A TEIoll Hu]i4> (dummy variables)S 1123 24

oA AAT]o] o]&A (heterogeniety)S EA5= HEFHS Hy:0” =0
ARFetEET, 2 Avte 2 AT () WA 4

d GuHeE MBItk ol 2AVIREIE B oA 81 PR gist LRAREAZ0] %2204
AR8e] 5401 B2 AFel Kt 7]AdTE AR IR B magos fofgt o2 et (Table 3 F2). metA
AT 7195 dold 7hs7del &tk Aol 174?'%} ol ealAEZERA o] BAMOE ZASia B 2 glo
= 25| g8l A (Dol HFE HrlHeE 2SIl A oz 357 Eso] 71535tt (Kumbhakar et al., 2015). I
Lol mE Hles FAIE] S8 AP (HE 571 B BRI (1), @A (k)T oW AAREEF (e)2] B3

Fofgt 3 HAeFAME T3l FE= Ak 3} (Ink « Ine), SR ()9} &L ()2 B3}
7] % (Inl - lnz?)—‘ﬂ ﬁﬂh AR CE frolshA] o
YA 5] A9 FAF R fofsiths A Al
ShEAFTEE A (Dol et #4987 Table 39t 40 & == ot

1) http://www.gir.go.kr/home/main.do

2) https://www.kisvalue.com/web/index jsp

) AN Bl S 7158 S Vil Bs) 9Fe) ekl % e S0l B 953 golairhe 713
stoll Fel HrRsFE ¥ OP°4 < itk

4) AR (o) =0)& RE 7I9e] 7P EEA oA 24728 wiEsin dva A vehioh

5) LRAAZ A TS —2{1nL( - InL(H)} °lil L(H)E ATV Y 2F5%
et L(H,) = OLS (ordinary least squre) *'H-& B3l A =M 2(#4) & FEVATTE MLER 43 & 94 dok
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Table 3. Estimation results of the stochastic frontier

‘=SR2 0IKS

Table 4. Estimation results of dummy variables for

function industry
Estimated Value Standard Error Estimated Standard
ap -15.85790%%* 2.03936 Value Error
; N Hkk
a- 0.63045%%* 0.14585 dummy?2 (petrochemical) 0.19529 0.03998
‘ — dummy3 (steel) -0.23157%%* | 0.04370
o 0.43435 0.09187
h dummy4 (shipbuliding) -0.20592%** 0.05594
L 0.27147 0.17136 dummy5 (textile) L0.13003%* | 0.05124
. -1.07439+* 0.17260 dummy6 (paper) -0.14839%%* | 0.04282
ay -0.04073%** 0.01432 dummy7 (ceramic) -0.111420%** 0.05130
Q. -0.01619 0.01214 dummy8 (automobile) -0.07001 0.05088
ay, 0.03034* 0.01686 dummy9 (power generation) 0.01096 0.05659
_ sk
o -0.02333%%* 0.00670 dummy10 (cement) 0.69837 0.05806
dummyl11 (machinery) -0.16250** 0.05672
i 0.00190 0..00561
- dummy12 (nonferrous) -0.18191%** 0.04996
v 0.02837+** 0.00601 dummy13 (refinery) L0.68129%%% | 0.08366
t 0.02555%** 0.00595 dummy14 (telecommuncation) 0.07911 0.07777
Ty 0.10525*** 0.01381 dummy15 (mining) -0.85115%** 0.13900
o, 0.05393*** 0.00464 **% significant at 1% level
log likelihood -275.98047 ** significant at 5% level
' * significant at 10% level
LR statistic 35.84615%**
*** significant at 1% level Table 5. Estimation of GEE
** significant at 5% level
* significant at 10% level Average Standard Min Ma
(AGEE) Deviation *
4.3 M| EMHAIT|SI0] TR SATIAHESSA Value | 0.78986 0.09049 | 0.26288 |0.96991
Znt
A7l S 10l A A7h . 2 oo 4 (0.96991)0] 7P WA o]FolR
VA EARIE I e 8 S eyt of 35w Fcke A2 o 4 Stk
EREe] A $E& D) 9 Bt A7 hl, Table 62 2011-15 AGEE,9] Z0]2 R ofFa1 9]
B T L T t =
2884 (Average Greenhouse-gas Emission Efficiency, ©|5} . 2011-12\0] AGEE - 27451500} 201214 7H
- . - il 1= O IAR— - “rli= T
AGEEYS: oFfoh o] b7} Taisict, e e * o
2412 Rk 123 20150 T Z715AR v A
v & AT 5= Sk 5 AGEES] FAIRME BT e v =
2.3.GEE, kA A3 A8 201290 AGEE7} A= oL} of
ACEE= =g 1= b M= b T (D egug oalsigim sjaaAdA A 3eiel 201510
AGEE7} ThAl A48 AL oF 2= 9ck.
N
. 4.4 ABH WD 2MIIAMESEY Zn
AGEE = ———— t=1...T (12) : e= e <
AT 2AIaHEaEA (GER)S| w5 v 4=
L 5] Y3l od=d g4 A7 AH A (AGEFE) 4 Z+
Table soﬂzﬂ % Q10| AGEE= 0.789860|t}. 3t 3 ;L] i R 271 HEO% ( E) =
=0 iz ASH el 35
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Table 6. AGEE, and annual growth rate

Year AGEE, | Annual growth rate 5. Z=E 4l I A|AH

2011 0.79165

2012 0.79484 0.40% = A 2A7EHE T B RE Ajbekal 4

2013 0.79278 -0.26% staz} ATRAiEEEdoles B7HRAIEE Al

2014 0.77866 -1.78% ABE] AoJstar AlAlskoint TLeal Foje 247

2015 0.79123 1.62% BEYE By og s e AddeE F87ksE
Average annual growth rate| -0.01% Aeog Helsto] SFEHAEAS 4853t 3 Greene

Table 7. Industry AGEE, average annual growth rate and ranking

Industry AGEFE ;Zi;igi;:n;zl) ranking Industry AGEFE ;Z:;tigia?:n(l‘l’zl) ranking
Smcon];tcctg;i]z“play' 0.79978 -0.17 8 | Power Generation | 0.78620 -0.45 12
Petrochemical 0.77389 0.42 15 Cement 0.78431 -0.88 13
Steel 0.80586 0.18 Machinery 0.80780 0.36
Shipbuilding 0.80913 -0.43 Nonferrous 0.79383 0.12
Textile 0.80366 0.69 Refinery 0.78626 3.17 11
Paper 0.78191 -0.85 14 Telecommunication | 0.80909 -0.35 3
Ceramic 0.78919 -0.04 10 Mining 0.81267 -0.21 1
Automobile 0.80741 0.28 5
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Table 8. Annual growth rate of AGEE, by industry
Industry Semiconductor-P isplay Petrochemical Steel Shipbuilding | Textile Paper Ceramic
Electronic
2012 0.5% 0.6% 0.9% 1.2% 1.7% 1.2% 1.0%
2013 -1.1% -0.2% 0.5% 0.3% 0.1% 2.3% -0.4%
2014 -1.6% -0.4% -2.0% -1.0% -0.5% -1.5% -1.9%
2015 1.5% 1.7% 1.4% -22% 1.4% 1.0% 1.2%
Industry Power Generation Cement Machinery | Nonferrous | Refinery | Telecommunication | Automobile
2012 -1.7% -0.6% 1.3% -0.2% -0.5% 0.8% 0.3%
2013 -1.0% -0.8% 0.1% 0.0% -11.4% -0.5% -1.0%
2014 -1.4% -2.1% -1.5% -1.3% 12.0% -0.7% -0.1%
2015 2.4% 0.1% 1.6% 2.0% 14.8% -1.0% 1.9%
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1. 4 (7) =&
In D((y,9),(k,1,e)) 7} o}efje} 2-& 2Y 213K (translog function)2] e & zh=t}1l 7}43}2} (Coelli and Perelman, 1999).
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