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ABSTRACT

Energy efficiency is considered a priority because it is not only a management target for companies, but also an effective means
for the government of Korea to reduce greenhouse gas emissions and implement carbon neutrality. For this, it is necessary to identify
in detail drivers that have a positive impact on energy efficiency-related investments by companies and shift to the development
of sophisticated policies that can promote these drivers. Under these circumstances, this study contributes to providing basic data
that the government can use as reference data for developing policies to improve corporate energy efficiency by determining drivers
that can lead to investments for improving energy efficiency at each stage of corporate decision-making. To this end, we first assumed
the company’s decision-making process leading to energy efficiency investments and then selected drivers that have a positive effect
on each stage following a literature review. Further, since the government is paying considerable attention to energy efficiency as
a means of implementing carbon neutrality, we divided the responding companies on the survey into large emitters of GHGs and
small emitters and analyzed the results. Additionally, to improve the reliability of the results, we calculated the relative importance
of each driver by applying a fuzzy analytic hierarchy process. We found that an energy price-related driver is more important for
large emitters of GHGs. By contrast, we found that small emitters of GHGs placed increased importance on energy audit-related
driver, energy efficiency policy-related driver, and technology identification driver. This study provides a framework for the
government to take more sophisticated approaches toward developing policies for corporate energy efficiency improvement by
identifying drivers that have a positive impact on the implementation of energy efficiency investments at each stage of the corporate

decision-making process.
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20199 7|E AIA] 8919 ol A|thaH] H7Io|HA] o X
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SEA|9E o]e} Zo] | R F&3} yste] AlthAQl g
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T oy a& /MAE fIsl ARe o2l 7K Ads AlY
sto] 2 Hf, o]t HAL A S, AA ¥, FEAT
59, &9 9 WS SHY /R S 4 QUrK(Park and
Lee, 2020). o] FollA 53] 714 SHollA thEA Ao
L oufx|o]g gHelshd A3220] W o Rtk YGA
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=, BA FZolA oUA] AR ol wE HE 4
S5 AHpublic investment subsidies) 5 Aot
73w Bpozt A4, snge 58, 49 2
ozt WS Y EW m2Y, EALS AP
Trianni et al.(2016) o|&zlo} &4 F471d4< 4t
o2 3} o)A Al Cagno et al.(2015)0] A5t &of
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B2l HeiAE T5EA;, FZHEA K private financing)2}
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Cagno et al.(2017)2 4] Trianni et al.(2016)0] A3}
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(Energy Intensive, EIs)@} ofUA] H|FFAQA 7|A+
(Non-Energy Intensive, NEIs)2 oL X] AME-& & o] wh
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H, YA 27 BE2 247 FH Fgo] yi-s<1d A
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YeEth o3 o & 7Y UE S HIoAE F-
7] 4 (Medium-Large Enterprises, MLEs)°?] Z-A7|Y
(Medium-Small Enterprises, MSEs)ol| H]3]] 744 B&29] &
lofl sk X1 olu|X|e} Ao W U A BE
sl o F8AIsk= ZACE UehEth T o=
Cagno and Trianni (2014)0|4 AA1H ZofjQ9l E&EE &
Tolo] Az A 1202 TS A oA R

£ A4t B]E(production costs)ol A OfA] H|-8(energy expenditure)o] AA|Sh= HIEE WIH 5% 2AE P AUHA
ARl 714, olstd B oA mFFHR] 7des ER3IAE
& W& (net turnover)Ol| Al o R] H]-B(energy expenditure)°] A}A|St= H|ES WStH 2% 2T FSE R HoF
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P 29 7de R Aw Ee UEHFE 59
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o] AFPATY AAFT HAHE ETHE & A9
ApEAGE o2 2ok AR, =54 719d0] olvAl s T4
Al AR GAra g A gAEA dAE 5=
AlRFstarz} silek. 24, olvA &g A2 2AVEA 5
W Z2 715HS} opdelE AFEHEZ(MOTIE Press
Release, 2021) KEA (20212)9] &47A thll& 45 9 4
HiE 4% £5718cl we ovA a& AL st
7199] YA @A sRlol disf 71}do] 7 S 85H
AZrehe T2 FURIA| fFgstarat sigick A, 7199
A TS AYrIEC R, JAFEA TAE F91S
A7IEo R 747t 7Hgsto] Z47te] S E WA £ Qe

B0l & o @Al 7MEA §tdE 4= s HAolEo] 7]
E FAHP (Cho and Lee, 20062 283519t}
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H AILofAE= AlEE X (Analytic Hierarchy Process, AHP)
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3 719 SAFAY SAE 2R S9l] et s Faws
=535t 1A ol E Q7te] WekmgolA] ARk B
Al BSAAS 13517 98l Zadeh (1965)7F 7k
o1 0™ (Shin et al., 2014), Van Laarhoven and Pedrycz
(1983)= ASEA9] &S Bsl] Yste] HA| o2
ASEAS A, ste] B4 A= jEdsh] of=le At
AR AT A=e 6 & o @A 7HA wHY
g 4= Ql= FAHPE /WSS TtHCho and Lee, 2006). Fu et
al.(2020)T} Ayhan (2013)2 FAHP T4 = 7] 7} 7123
AR Ao A Buckley (1985)7} AIRMAE 7|5HH 7S o8
IS 271, B A o e Ed et
ro ¢AT SUAES] ARAIE BAS. 1R
5 - (FhH - F 3R - (D -T2 - (& - HE
%8 - (F7h - 2dl £2°9] 9lo] A (linguistic terms)Z
sHE SEHRPE HAEZEAE AL A4x(triangular  fuzzy
numbers)2 T XS fuzzification)s}F T}, ol A HR|4> ¥
2k HT= Ayhan (2013)914 ARMGE 71ES W

My ok

N

Table 1. Linguistic scale and corresponding triangular
fuzzy numbers

Satty scale Definition Fuzzy Triangular Scale
1 Equally important (1, 1, 1)
3 Weakly important 2, 3, 4)
5 Fairly important 4, 5, 6)
7 Strongly important ©, 7, 8)
9 Absolutely important ©, 9,9
2 {, 2, 3)
4 The intermittent values 3, 4,95
6 between two adjacent scales 5, 6,7
8 (7, 8, 9)

Source: Ayhan (2013)
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a0 &2, A oA ALHE HZA| 7HEAE WA A
H(Center of Area)Z AREo}o] H]|H X|SH(defuzzification)
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2 AFZ 590 7199 olvA aE 7 A= olojd 4
U= JrEH A 5Rlo] tisl EolE A} Si%ieH olF
EIE AJoHY] 502 theatt A2 AR AXGSIGinh 19A=
oA && RAE olojR= 7|49 A DAL= A%
APAT AENA AAE Hi= 14 - da D 7]3] AE -
71 A - XA 9 - A BAE A - 22018
7VE 150 6HAR SFx] ZAAY I AP A GAA &
A2 SEA HOE flof AL/ATEA 02 FHk 29 A=

ol oA BE 7 RAE ZEokal oSt |17HA|9] T

| 378291 F3RE H|A= 520 tishAle Tt A
T A& F375139} Thollander and Ottosson (2008)-2 ofju
A 5 ¥ BRICE AP HE g5 9 27 HEo] 5R1e
2 FEste] AABI ot 7ol 719 BlaE ARIE 7iA|
Shazat g off oof] wjX= 7l& R BRI tsisl= skl
t}. Thollander et al. (2013} oUA] &8 I BRI°= Y
& AR B A g of R F 2 FHEsto]

Thollander and Ottosson (2008) R} tiFsl L E-S 1185}o]

S29| M BT =4 : HAHIEEME 280l 433

AT SPARE At A Fao] BRIE oF FE9] 5
Qlo] & &= Qlrk= HolA eHAPE Ut} Venmans (2014)+= ]
YA 28 WA BR10= A BT, B BE AP #1293
7| FiZo = FLEsto] AA[SITt. o] FRol WEH o] d At
oA A F& E= JE 2ol S3d A 9 s
O] ‘AW FEow FRS HE /AN & 4= 9lon,
71& T 510 A FHel A 71 S o R F
H Ho sk AJZETE Cagno et al.(2015)2 Trianni et
al.2013)0] A, Z3A, FE, A o} 47l FZoE ERet
BUE Al o] ERollME 7149 %1 on|], 71&
A 2 &= (technological appeal) 50| 74 F-zofl ZE o] =
U 71 @3t 45 97] oh= FEE QAN o] Aol H]
S 521 EF7F AR 22 Zldgoletar AZE ofof &
AtollAt= oA & T FRJACE Cagno et al.(2015)0] A
AIgE BRIEE st A%l =9E Bl =719 el
9HR] o= BRI AASHL, Attt Ao W=l ot of7]
o] gl= BRI F7sle] & Aol L85t} st o]
1719} 2HAIE AA Table 29} o] 9171222 71949 9
AFE7 sEAIRL SH7 IR0 2 ZF TAMEE Q14 T 471, 7]
S &A 571, 71eAE ©HA| 271, AZ/ATEA T 57,
AA) 9w @A 270 B9 27 sl

AR Al Z1900A AAE A9 31} oA A
AstY] BQldte] A= Fig. 13 Zrh

Table 2. Drivers for energy—efficiency investment in decision making process in companies

Decision-making process

Main drivers

The management becomes interested in energy efficiency.

Employees in charge become interested in energy efficiency.

Awareness

A company can receive an energy audit.

Employees in charge become aware of energy efficiency improvement related policies.

Employees in charge identified inefficient facilities.

The energy price has increased.

Needs and Opportunities

Employees in charge become aware of energy efficiency improvement related various programs.

identification
Employees in charge get to know the advantages from energy efficiency investment.
The company which invests on energy efficiency improvement can build green image.
Technology Employees in charge can identify new facilities compatible with existing facilities.
identification Employees in charge can identify competitive facilities.

A company can secure internal sources of finance on energy efficiency investment.

A company can estimate the payback period of the investment on energy efficiency improvement.

Planning and

A company can benchmark cases fit for itself.

financial analysis

A company can receive public funds or tax benefits.

A company can get loan support through private finance.

Installation and

Employees in charge can manage and maintain the technology on energy efficiency.

and training

A company can be supported through education and training.

http://www.ekscc.re.kr
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To identify drivers for energy efficiency in each decision-making process
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rele!tgd mandatory efficiency Public funds
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Fig. 1. FAHP hierarchical structure
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et 37 71907} Ay R BIAIERY o7 719 Al
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Armacost et al., 1994; Peterson et al., 1994) FAHP ZA] AHP
%9] ShfolEE o] BAEAS Witk AT WA
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(Consistency Ratio, CRyS Z7Jolo] =27} 0.10] g+ 571 -3
719 F712 ALt mREo R o] YAIE SRt 2671
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e B Auadel F8Hd 7192 1A National
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4.1. SH 7I1gel 2 §¥
A 267] 71940l tigt ARt EAAS 719, 719
&, AA] FARR} 5, REFARIER A gFoz 1B
SIATE 1 A 7|6 EE 471, 719Rke 10~304d
o)t wf&e 1,0009) Y wlwk, AFAEARR} S 10091 ]

A~30091 P, 9L Bfste] 2tk 71 o] stk

Table 3. Major characteristics of the responding

companies
No. %
Company Large 7 26.9
K Medium 11 423
s1ze Small 8 30.8
More than 50 7 26.9
Years in 30 ~50 8 30.8
business 10 ~30 10 38.5
Less than 10 1 3.8
More than 3500 billion 7 26.9
Annual — -

W100 billion ~ %500 billion 9 34.6
sales Less than 100 billion 10 38.5
More than 500 5 19.2
Employees 300 ~ 500 7 26.9
100 ~ 300 10 38.5
Less than 100 4 15.4
Food and Beverage 4 15.4
Pulp and Paper 2 7.7
Chemical 8 30.8
Sector Non-metallic minerals 2 7.7
Primary metals 2 7.7
Other manufacturing 3 11.5
Electrical equipment 3 11.5
Automotive 2 7.7

4.2. 2HIIA HEE 7|1E S ¢ F2F B4

Chontanawat (2020)°]] T2 o2 AH|o] F7151H o]
At HIES 27N 4 Qo A LAVIA HiE
F= oA &agat BAVF ek TS oUR| & A 24
7t 729] 324191 £ tHMOTIE Press Release, 2021)0]7]%
SO 2AIA HiEHE 7|E0R R EE /IS HOP
FA Al BRlTe] BAE AR A gk ol 267 719
KEA (2021a) % 2020 2A7A viEEF 2422 ZHrsio] 04
60,000 #tCOxq oV HIEUETS 27HA thille: HSC=,
7 ik 4HlE PR olEslsie] 7t o] AEoR
o SR3p Aot Sl oA R4 B9, o]
of w} 247kA thills AFS AR FEAY 2709} 515} 8

=
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SHA| =Tk
“4’3 Table 404 7|Q49] SAkE GAE 2F 5
H 2A7IA TS A5 AEllE A4S 25 QATEA 0
"1h AR &&ol thet F PR THZ, 713 AH DA~
A= oflvA] Blas ARl JIAE, 7€ A dAA = 7]
E4u|el 5% 7Mset Al HEE, B4 AY dACAE
B2} 315712 7k o 5E 4 %O] o7 7MY F8AItk=
AOE 1'}‘5}"]":} SEATE AA] 9 WS GAoA = 24 7EA
& 432 152 5R10E F8AIok= ¥, 24 7tA
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Table 4. Importance of sub-drivers for energy—-efficiency
investment in each decision making process

Large Small
] . Total
emitters | emitters
Management 0.1024 0.1635 | 0.1400
Employees in
0.0627 | 0.0973 | 0.0840
Awareness charge
Energy audit 0.0328 | 0.0725 | 0.0572
Related policies 0.0367 0.0577 | 0.0496
Inefficient facilities | 0.0930 0.0928 | 0.0929
Energy price 0.0787 0.0502 | 0.0612
Needs & -
B Related various
Opportunities 0.0296 0.0344 | 0.0326
. programs
identification
Advantages 0.0429 0.0616 | 0.0544
Green image 0.0281 0.0240 | 0.0256
Technology | Compatible facilities | 0.0661 0.0708 | 0.0690
identification | Competitive facilities | 0.0468 | 0.0587 | 0.0541
Internal sources of
0.0532 | 0.0413 | 0.0459
. finance
Planning & ’
; Payback period 0.0680 0.0449 | 0.0538
financial -
. Benchmarking 0.0585 0.0334 | 0.0430
analysis -
Public funds 0.0324 | 0.0246 | 0.0276
Private finance 0.0289 0.0234 | 0.0255
Installation & Maintenance 0.0623 0.0340 | 0.0449
training Training program 0.0769 0.0150 | 0.0388
Total 1.0000 1.0000 | 1.0000
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Table 5. Importance of all drivers for energy—efficiency investment in decision making process

Q] AP A} YX|Stch(Thollander et al., 2013).
e GA9 we T2 0 Ty 529 o

Rank Large emitters Small emitters Total
g Value Value Value
[Awareness] [Awareness] [Awareness]
1 0.1024 0.1635 0.1400
The management The management The management
ortunities Awareness Opportunities
2 [Op? ,_]. 0.0930 [ . ] 0.0973 [ p[_) ,,]A 0.0929
Inefficient facilities Employees in charge Inefficient facilities
ortunities Opportunities Awareness
3 [Opp . ] 0.0787 [ p? ‘_]_ 0.0928 [ . ] 0.0840
Energy price Inefficient facilities Employees in charge
Installation & traini Opportuniti Technologi
4 [Ins 'a.on ining] 0.0769 [Opportuni efs] 0.0725 [ ec.no oglefs.]. 0.0690
Training program Energy audit Compatible facilities
Plannin Technologies Opportunities
5 [Planning] 0.0680 [Technologies] 0.0708 [Opportunities] 0.0612
Payback period Compatible facilities Energy price
Technologies Opportunities Opportunities
6 [ . & . ] 0.0661 [Opp ] 0.0616 [Opp . ] 0.0572
Compatible facilities The advantages Energy audit
Awareness Technologies Opportunities
7 [ . ] 0.0627 [ . s ] 0.0587 Opp ] 0.0544
Employees in charge Competitive facilities The advantages
[Installation & training] [Awareness] [Technologies]
8 . 0.0623 . 0.0577 . . 0.0541
Maintenance Related policies Competitive facilities
Plannin, Opportunities Plannin
9 [ g.] 0.0585 [Opp . ] 0.0502 [ g]. 0.0538
Benchmarking Energy price Payback period
[Planning] [Planning] [Awareness]
10 0.0532 . 0.0449 . 0.0496
Internal sources of finance Payback period Related policies
Technologies Plannin; Plannin;
1 [Technologies] 0.0468 [Planning] 0.0413 [Planning] 0.0459
Competitive facilities Internal sources of finance Internal sources of finance
ortunities Opportunities Installation & trainin;
12 [Opp : 0.0429 Opp . ] 0.0344 [ . gl 0.0449
The advantages Related various programs Maintenance
[Awareness] [Installation & training] [Planning]
13 . 0.0367 . 0.0340 ) 0.0430
Related policies Maintenance Benchmarking
ortunities Plannin Installation & trainin;
14 [Opp . ] 0.0328 [ g-] 0.0334 [ . el 0.0388
Energy audit Benchmarking Training program
Plannin, Plannin, Opportunities
15 [ . gl 0.0324 [ . gl 0.0246 Opp . ] 0.0326
Public funds Public funds Related various programs
rtuniti Opportuniti Planni
16 [Opportunities|] 0.0296 [Opportunities] 0.0240 [Planning] 0.0276
Related various programs Green image Public funds
Plannin Plannin; Opportunities
17 [Planning] 0.0289 [Planning] 0.0234 [Opportunities] 0.0256
Private finance Private finance Green image
ortunities Installation & trainin; Plannin;
18 [Opp . ] 0.0281 [ N gl 0.0150 ,[ ¢l 0.0255
Green image Training program Private finance
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