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Evaluation of Technical Production Efficiency and Business
Structure of Domestic Combined Heat and Power (CHP)
Operators: Panel Stochastic Frontier Model Analysis for

16 Collective Energy Operators

Hyungwoo Lim*, Jachyeok Kim** and Donghyun Shin***

ABSTRACT : Collective energy is an intermediate stage in energy conversion and has a great influence
on the power structure as a distributed power source. However, the problem of the collective energy
business has recently emerged due to the worsening profitability of some collective energy operators.
This study measured the technical efficiency of major operators through the estimation of the production
efficiency of Korean collective energy operators, and based on this, we looked at ways to improve the
profit structure of operators. After collecting detailed data from 16 collective energy operators between
2016 and 2019, the production efficiency of operators was estimated using the panel stochastic frontier
model. As a result of the estimation, combined steam power operators showed the highest production
efficiency and reverse CHP operators showed the lowest efficiency. Furthermore, as a result of examining
the factors influencing profitability, it was confirmed that production efficiency has a positive effect on
overall profitability. However, businesses with a high proportion of heat production, such as small district
electricity operators, profitability was lower. This phenomenon is due to the structural limitations of the
current heat sales market. Hence, the adjustment of the heat sales unit price is necessary to improve

profitability of collective energy operators.
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Profitability analysis

Received: November 1, 2021, Revised: December 9, 2021, Accepted: December 18, 2021,

* Research Fellow, Korea Environment Institute, First author(e-mail: hwlim@kei.re.kr)
** Researcher, Yonsei University, Coauthor(e-mail: safin84@gmail.com)
*** Research Fellow, Korea Energy Economics Institute, Corresponding author(e-mail: dhshin@keei.re.kr)

558



U SEFUTAHS| V|aX dMEEd T8 H AGTE Eok 167 YT XIAIZX 0! CHet
I 2

19811 Z47] ) ofu] ) Mok 541 k0.2 2| S bipatelo] EEHE G, 1990y

SRS FHOR ofshEd] that st FEIHA AP} 2L H o]

U] Hgo] #7202 Sl 9t 20009 e} Sof Kgo] 2

© 2 |31, 20109 T o] ol o U A e B BHAFHY F7h BE wA2) FA
o] FEurow A ARy Ao 2 o) ofgo] o1 olck

o 4 ApARE U A|(E E

2 FHSR: A et

r
)
S~
>
e
o
=)
N
N,
=
T
T
2

o &
= oy ne
ﬂlii ;\lt ol
r ok
o ol
o, N
do X rlo
r2 013 S
T b
= 9 °
FRRS
Lo
oo o
L
SR
TN %
O ot 3
o=
1% e °§f
o e T
o =
o lo 112
2
)

)
=)
Ao
=
i
i
9
o
1o
2

L)
£
)

N
N
P
>
i
rr
)
=
ED
ne.
ok
e

T

i
RS
1o

flo oM
o
o

11)11
o
-
~J
7
)
S
X
)
)
=
-,
i
°
ox

H1
A
1o
N
o
rlu
o
Jo
ofx
ol
o
<
o
ﬁ‘j
9
livs
B
oK
o
)
(e
S
N/
H
ot
e
ok [
ot
2
20
S~
>
iAS
Mo
2

At S A 2|7 gt 7] di 2ol =2 8]k Fuld
Agaa2 = FHskal 1 R
T2)(2014)2F 7] A4-9(2015)= FE AL AMA
AEA 2 Y AIE Y= QIR

ok ok A 2)(2015)= LA Al An|Rpe] 227} A E oA o] 41.49/kWhef
= A7 S AR Q-

QYL TIATA S A2 S M A &3to] S =L Rl 19951 24712 A2}
] 20191 82742 At 200 WAZF oF 3.5u}j 9] oFZ 5 o] F AT o] IAollA & &
o Bl oF 3.50 ek 77 F AR THR ol v Al S, 2020).

AR Q] AR o702 <3 >0l A Lehd A Y ookl 9]
th FUSEL 7 el S Hole ARIAR=20181a 7] A ArgARe) ARbe E Al ek

i
o
ot

ol
)
=
Ni
rl
iy
2
ne.
o
?l:
)
N
>~

1) 197090 5 220 M4 ak502 §717h 328 AsahuA o X o 8 g SHko] w2 o LX) W7t A 4
% 2ol A ol 2] Aelo] Akl e = QlE 9.

559



(B 1) S SHUMAIGEe| Ay JHad 2 SrjaaM 7|12 AIYA & 50|
g 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
JALA 7|1 & 20 20 20 19 17 14 14
7] egAl 7|9 2 2 22 26 23 24 24 24
A AFIH 2= 33 33 34 35 37 38 37

F: 20162018970 PANHL AR 0jgRz e 0 Grlesd 719 Sl uEd
Hl5io0, AHHEA0] 20181 ARE VISt e EEA e
Az el de] A

APPLAN] G o5t A2 F R D 8T Am AL A AT ALY
22 18 4 Qich SHEF Agel that FAIe Ao 2k 4 A2 Mzt 9
AT G 8 FAEE FBU BAS AH OB AP ERFY 110%S HIOR
47531 QIEk) o] e 4 83 A=l ALIAPER S0 B2 Sl itk
A7 E 0T A GFAGIGFAE QTR F 2 2] AR
2 2717} 22 9 R4 BS ol §3to] B AALUZFE W 4 U] whel] AYIE
T 110%S 21U 02 AQAE 2o 9 Aol ofd U718 8153 4 gl
ARl Aok 91 A0 o AHEITh & A B AR O] A SR T 4 6l
O U S N
2 <19 1>0l4] B AX 201 1A 5E Feolul ) AHxte] 27] sfago] 4wl
L ol A&HOR 1 AR A1 gk

ad 1) I XSy Arge| AEAtY & Trofgfat M7 Hojgk 0| Hlw

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

—e— APQiRte SOy —e—APRIXIE T2 Toj2

At SR, 2019 ARl AT, 2019,

2) A7IES TS A GHETARS 8 F0lth

® 560 °



B Aol BACIAS A 97 A AN AFH AT AYTLHAY
2910 7Hf 2 o]0 2 o U X B gl $AH GRS 4 ek el 4 2
Bhek. @A) A AR ALEA o Soll A DI TR AR 7] AL IR AL
e A4 o] YATRS OBshar] BAH PUES 2-goto] el o2
sh25t7] 9lat AALES teolsta aet

A 02 BAAR S S 5 Qs 167) WEolu XAl 4h0] 2016-19 s
olE}Z o] g3lo] BHEZEE o n Y YUE S A §oto] 714K YUTRAS F 1Y

Tk 167 ARIARE: 7] AL A ARkt 2719 2 Bastel Ak AR

i

THBto] £ AIA 718 AAESA S B o7 4 SEZEEolny W
MES 5o 245 R4S Aol AT} Ak Qs Ayl e) 7144 4
AL AT TRET 7148 B Ao] ATl tiet AEere] Ad o olsd
S olehe 7147 A RS AREQEo] ofe} ARie] A} 1 E o] ul g
2 mRSA A7) E G AALSHE Weoh BaE AIRe) oA A7) Teld
RIS E (BRI Aol 2802 Eelahelrhz Sl A o]0l 9l

ofy M
Al

r{r fot
fio

o
H
r
e
-

:floﬂ ‘1 %L’g"(?_]_' ]‘ 67H 1%01]1:1 X] \:”'X-]}\]‘_/] /\—ﬂl:lxq o] XH_I?_ X_]E]_ ol

A Y S& B g8 Sl A AT AR, AHE ARAARS] AlE-A
otz A4 0] 7 st HollAl Hlole S o of7f Ak

& A9 2 e g 2ol = FEZEE o L g5 o B3l e A At
Sde FETAYIAE AESkL, & Ao AP S AARITE 3 A= 4 B
% Y HlolelE o, 4ol M e T8 24 23 W AR Ve Ataed
o AARIT 5ol A= Er A 9 #‘?ﬂ‘ 73 of sk Qle BASRaL, nhA ek 64
oAM= o] AakE Fatste] Al Aol ek Al e mE

-

[, A

1 R gz 2874 4

AetoluA] 2ok MAstste] oy A] A EER ek 7= eyt
Frsh, ofof whel Feko U 2] ool thet &4 wAS T At =l A

561



Sfek. chat, M Th9le) S A 1 719 9919 oui A B R BA Sl fARE

7)0] AL v ek,

4
£
=
K
i3
e
B>

(¢}

48 7SR ey

ZSARIH], A E7E s

B

s
)
PN
1o
2oy
o
o
ful
e

o
o

ol ol
o ol

dm Hdm Hm

fo

m
o
T
B
il
20
ox
_0|L
2
i
o
o

58 ]l‘Ii (2 (B o
oA A Ao

H

ot

©

i

T

=

ol

(0]

it

=

2ol i

o

=

(0]

fllo

”

ol

i)

b9t

)
2«
~
>
2o
oZ,
l-'>~
o
o,
fto
2,
222
ofs
ok

Jo
0%
ng
~
(e
5
flo
Hu
=
(9]
=
o
I

T
)
tot
>
1o
re
U
ey
e

fr

d

5
DEA 7]%& #8331t 2003~10d 7t thgt s d 24 & 53
9 eF A/ o] AlRbol| whet Al H ol
A7(2019)2 A7 15AK] =G 7199 B S A 4=
ARSI B4 f e wafe]- ], SRR, FAY, Q1dH],
g3l o, o] & HiRro 2 7| SAgA| Y] EaAd B ALY HekE A
Uh5-7745(2019) 2 204 S A L= ol 59 75 Al 7199
f8le A4t Ay gl SAE AP 2470 7] 2

W2z E o] g8l o, v aa/d o Hal-2>0.
AL, A g = =A) Sk
oA FFe A=A w
Boyd and Lee(2019)+= SFA 7|H-& #-&5}o] o
24 ARkt 7471/ B S 9fsf DEA 7]5ES] Malmquist index & ©]-8-51 o]
UA B844F E=E6tE 842 33%-86% o2 Uehdon, g1t 29 8 s

1) 40 % AT S, oF21%2] o x| Ak 0] Fhse Ao s A

Fd
1o
re
fu
WE,

ok
)
el
>
H
ot

lo
o

o\

2
(i

4> op

ofi
-

o 2 N

f

[e]
o
QL
B
o
T
30
)

(o]
1o flo ox o
i
iy
P,lﬂ
=l
iih)
o
Ti 9
O o
n
S Mo

UL ox
~
& s
AN
|o
it

L
huj
L
i
>
o)
2,

on £

=
oo
bg\r
o
L O_>L
=
X
re
=
N
e
=
H

o
3
%
fol
o
ox
2
Jo

2, AYaTepe] =ay
s thedt 2 HEoA] s el P Ho] EAIstn, s - AR of
o7} Ik A, 2 A= Aeelu A Al ALe] 714 AR R4

ol 4 olel7} olek. 71E7IA| = kel A M| E BT ol galo] &

562



=L EEEUTAGL| J|lgH dMeEd FE H MLTE Uk 1670 TTOAXIAZX 0] Ciet
4

OLE o1 MHIEHE FHOR S UAUAR HRAY B, A1) 0]9]0] £ B,
o] ke, o F Sol, Mu|7FEEL
Zwlo] 4] Egole}
L CEEED

d o]
o] A S EAE 5 Qe 2 At oA bt 7Rkt

0_14

=A, 2 A= éEWMXlA}‘”XH A2 AT A E G A Tl RS 2
sto] T4 ofl Z-E-35hltt. Ftoll A AFGAFe] 7 AF 23717 E A5 Q1 =94
ofghe] £AI1E AL o, AFA A AL B AR = GY7IE R Ao "ol E
ol EAN L HE }0134%{‘:} & Aol A= o d A AFd A g 25 53 2016

=)
offt
|o
ull
SIS

e T PN RS R

[0
tlo
(&)
ot
o

7199 71eA A aE S vt A o 2 ST 4= Qe o] S 7 d e o &
= 128 815 3 2 €] o] L §(Stochastic Frontier Analysis)2- ©]-&51= HF4]o]t}. o]=
ARk 52 ] groll A A sk v aEAdS 5745 SR 222 Aigner et
al.(1977) & Meeusen and van den Broeck(1977)°f &J8l 2=
Al a&7d S0l wol o]8H AL Qlnk SHEZEE| oI 2 T

3 E] O1(fr0nﬁ€f)% A7staL, ofof w2 A] L5}
Ao 2 gobsls A2 Z9 sl 7191 9] Ak ¢l
S <1 2>2 AdkA o] OLS (Ordinary Least Squares)2} SF
Aotk OLS = 4 ﬂl%l%& 14@4—4;&&5%&
<

_\ﬂ

o

Kl
=
it
pacs
lo
=
el
=
N

)
il

1A
In}
tlo
m {
ofo
ol
ol

olr
ul
Iz
o AT
ofx
o
il
~N
Wy 2

‘:01‘
fio
ox,

o »
)

1
O
mo Iy Hz
B3 o
]
ot o

2R
)

i o> o

fu
w2
o
Q‘L
K
[ LR
i Bl
o, 0_>ld4

| ofr
ﬁ N N

o2
o g
r ~|
OHH
o,
_r;
=
gﬂ
wn
=
>

m

_L.
rlo
P

[

5h7] miZol o1 A&l A 7 B AteEs ZEE o]

563



(O3 2) OLSet AEZZE|N 2| H|W

Output (Y)
OLS
Production
Frontier
Input (X)
Battese and Coelli(1995)%= s defo]glo] 2§ 7153t SFA W 2S A|okeioirt
Battese and Coelli(1995)+= 7]& A9} S USHA v G849 vl =4 A olgtaL 7}

Aslar, BAF 9 A] Al(constant) 2 114 Fthal 714
= W 7Rt of 7] gl AR FElE " Tl 7P Rl

o] A 22 YEhE thE 4] (D)~Q) T A S5l v e i 7199 tAd At
== YulstH, o= of2] B (x; )0l wheh 24 H ek ok, Aol A 7154
Bl RS (u; )0l T 4= Jlon, & R oAl o]t HlaEA] o] Hato] A (2)%

o] A sz, )9l T4ek 7Py,

yz‘,tzxi,t’ﬁfui,t‘kﬁi.t (i=1,---,N, t=1, -, 7) (€))
Uiy ~ N+<N¢,,t 703), Hit = Zi,t,(s 2
€4 ~ N(0,0’?) 3)

564



IU SHSUTAIYS] 7leX digsd S Af?:,*-_r% Bk 1670 oK IAIGX ol CHEH
il A

ojuj&] 7|& 2] AAEEAI L T A (D eF 2ol AlRE 5= Rl 4] 3) 3 o] A4k v
"L 0 9aFek-e oFo Aul A {3 (half-normal distribution) S whEc}al 7p4 g0
2 7142 PAEEA0] 03 1 Ato] 2] oF4= 7Fo 2 w2 E| w2 7148}l

TE,, = exp(—u;,) “)
Ao A A ALe] 75 B3 M2 FAlof Hatstr] wisgoll, ahsEol 7 7l o)
o] AR 2 (multiple output model)-S & 3jof 3het. thaAE R &S th-0] 714
= ool FEZEE LY FH= AHd 4

FAe A SHeE th A (5)2F ol 7MYk =4S =&k,

el

ﬁ

By = (B, H) )

71X, B: A AV, exp (—u,,): B A, K7 A7 8A=E, K7 A AJAHg e

LAY 4 P AR /\}%%k
v 9] 582 AHEE7 2] (output distance function)E 0|85t TS 02 &
Itk olul Dy 0131 719 Al BEAL oJolsic

)

|ty
=y

Dy(y,x) = ming{H | (:c ( )) e f(x,y)} ©)
o714, = BE& 2 YuPIstd, f(z, y) = Fol% BUE(x) stollA A 715
S AFEE(y) 9] 7] SHtechnology set)= 2] u]gicy.

N AEEAY Ty ofl 3l 12} 5218 (homogenous of degree one in y)2}3l 7}
Ao th3 A (72 o] 4T 4= QUth

3) 07} 225 Z A (frontier)2F W ol 2| v B A&/ o] S717teh HE, 071 10]H A F H st A&/do] Soiist
gk

565



10
o
=
1o
>
o
o

EF H

A (7)ol BE oFH 0 & U0 ThA] A,

I =I5 3k,
lnDO—lnE:ln(f x, %)) 9

Akee7t - =2k (Cobb-Douglas) FEjekal 7 eteb, =71 Aldkeka= o
=

Inf(z,y) = B, + ;ﬂklnxk +8,Iny (10)

A1 (10) 4] (9ol thdste] A elshd ohat 2ol 8T 4= Stk

InDy—InE = B+ Y Blnz+ B, (InH—InE) (11)
k

7142 AAHEEAE Olu]shs InD, B FH 02 WA Helsha ohe 4 (12)9h 2k

—InE = By+ Y Bnz+3,(InH—InE)—InD, (12)
k

o, Dy=FA1EG 2o 82 InD, < 07t AH
7122 AAE-249] InD, = — kT & ©)5}1, B8 (stochastic) &L 915 <
R, )& F7Foto] shdvlo] ) e Lehwl chewt e A 0= Rela 4= ek,

566



U FYBURAO] JISE MAEEY £ U MRITE Tk 1674 ZtoIURIAIRIKIO] Chet
I 24

—InE;, = B, + Zﬁklnxi,t + 5;, (ln]{i,t - lnEi.t) tu ey (13)
&

Battese and Coelli(1995) 4= W] &84 el T vIZ1E 29(z, )& 7718t

o S eI
—InE,, = B+ Y Blnz,, +8,(InH, , —InE, ) +u;, +e,;, (14)
k

A7V, wiy = 254 0+ vy,
2 Ao A= aEed el = rAE 28l ) o2 mj =
R L ELLTE

.2 Aol shel kot g

aL
o
A

—InE,, = B+ BiInK/ + Boln K/} + B4In L, , + B,InF, , (15)
+ Bs (lan,,z - lnEz,t)+ Uy T €y

u;, =0y +0,SL; , + 0, OR%, + §,0R/} + 6 NH, , + 6;54,,

3
+ 565ff + 67RE"[.,7‘, + Z H‘}Dl?f + 7—’[.,7‘, + /U’I‘,,t

Jj=1

o}7|A, SL: W&, OR": A7) 7V5E, OR": & 7Vs&, NH: & 35 7+, S4:
7 Bt S A, ST Bl 7P, RE:ATANAY A ) 7hs, D710
& 7S Uerdoh

) AlollA 717] 9 A ABAEO] &AL OJu]Ehz 0 exp (—u, ) 2 Al4to] 7531,
00l A1 1 AFe]9] gha 7HRITE &, ghol 1ol 7kl = 74 Atta e Aol o wo=
Sju] Rtk

4) chk, ol2jgh WAL B WS AT B, o U A Z7fo] ofe BeANSE 24T S ok B
27,

567



1o
0%
10
i
=
°
>
O
re

2. A= a0

2 ASLof A & 327] ) Fetol| U A AFIAF2] 2016~2019d 0] 917 A G A HE 427
3lo] A2l 7| 2E AR A& ST thik 2016~19 sid 248 918 2 A
Ao FE ateE JRE RE AR 16/ Vde e R aed FEE
A3k AA 3270 7194 5 1471 7142 A F AR Al m= Al e st o), 2944 9
o T AR E AF A eRok7] ol 2ol A wiAIsk g o v, 17] 7] 2 vl 719

o 24} 9 vjo] ] Sh7h o} 9] EAlol A A9 HT. E5 i A 17] 7]¢]
o8] AZX|7k AU\ wot £ thAkoll 4] Al eltaict.

3 5AJof) 285 Blo|El The < 2-9} ek SHEILEE|ojmy £A] A] Ak
8 E FQIR R AR Sgehs AN §U(H], A |G, L2A 5, AR A
o 58 TR oS ueko 2 SHAERRE A7) Akt o Aiteo] gtk o|gjo]

EaeA o g v e e sz g | s 7] A Vs E,

rlo
)

EAE(E7] Bl o5, AN ol § o}R 5)& o] 8314k
LSO Tl $47) 180 400k A 5
= W7 ISHAAAP =, 17]9] & 27 a0 wjEY 70719 vl w2 A
UAFE ofm|3iet & AtollA FHgE327) 719 53 570 71 ol sieah, 2 EﬂolEWOﬂ
A o] 247 719L BT < AT LA 7| AARP = A AJAEFo] A 31, AlA|
7] 2jo]) &8 Tk AAAE 3770 A %47 7] 2de] AHEE 2hastol a0 2}
Gt < G<4CHP &G AFGAF = CHP (Combined Heat and Power Generation) 17| uf| 2F
% GSCON (Generator-Self CONstraint) AAHF2] H|5-0] 52 107 AFF RS 2Ju|s5},6)
o] % 67} AFUAE ol A] Whea} ek, mate 2 <) B Al = o o)
o)2jo] 7] TS ol Al 4018 Q3L Q= AIUAIE: Ofulstu] 27) ALIRIE
oJaIr. 2t Hiseo] it 7| 2B AT <2 T 1>0f 7|51k

& =237 u o], AARIe] F EUR A, 1 vlo]e 2 Hud 4 gl

7192 thAFO 2 A ARk 55 e el 429) 5 W Ylo] el Ao 3ha 8 5 ¢lo] KIS-VALUE
o141 2} 7191) 291 % Hlo]el 2 o] g5}k

6) GSCON 2]t diegah vl mal Wl 27h 23 AR o, WP A7} s AARFO.2 A7 AT} s 3
e hA L Aestel A2 Ak,

5) BAUSE MR 584
a3
o

2 o
T

568



U AHBATAAO| J|EN MMSEN £H Y ALTE Tk 1674 TEOLARIARIKION CHEt
I 8

T H A 24 H] 3L
K" A7 HAHSHMW) =3
K" & A8 Geal/h) SC
L 222} 2x() KIS-VALUE
=
=olg CHP, PLB 7|} A&
3 A
Fro| 92 /83@Nm) |+ (2% rlzow
Azt 2Hb
. E A7 A EHMWh) =3
/ﬂ__zm
= H & A3AF(Geal) =4
~ o A7), 7 ol 0] 2~ 0]
SL | by 9 I Ay
OR" A7) 7HEE(%) 4
OR" @ 7FEE(%) =3
NH | 2 FF 7HF A9 =4
SA 7Y B ZEwE P
a8 W (/] ch) o
eFad [ er R 3 5715 Wojshs A9 1
o g, A=A 5
A A AE 1 2 22 ’
RE JZH o ;1(1—1 '\L_}—UH 7}'%_1‘ T 0]—8—’5}%2% 1
HF71EA : 470
p | AdeldAAs 54 sz PR 47)
7ps2s o &&CHP: 671
S715ad: 270
F: 227} 3 oolele] AR AMYYAS Fof LRI YRARE Sxisto]
Ao 24

V. 2 £ 20 A S84 +E &=

2016~19d 1671 ol G 2] AFAAFS] @ aid|olEl & g o2 SEF AR =

At Aat= o3t ol E o 3Lof| A= 7]E 2 © & Cobb-Douglas $H-E 7|WHo 2
Fe TEII e, By A FHE Qldl rlasd o dFaclE WA
o <3 3>1} o] F 47}A] B FA5HATE)

= Z
T

£

7) AAKE4>2 Cobb-Douglas th4 Translog AAFH-2 o] §3fe] HAslgoLL Ank fARIC & @70 &

569



(1) HH(©2) 23H03) 34
log(K™) -1.675™" -1.569"" -1.636™" -1.830""
log(K®) 1.045™ 0.812" 0.856™ 1.159™
log(L) -0.021 -0.025 -0.020 -0.010
log(F) -0.210"™" -0.156™" -0.143™ -0.186**
e S -0.214™ -0.231"™ -0.218"™ -0.206""
log(H)-log(E) 0.930"" 0.910"" 0.918" 0.944™"
A8} -7.386"" ~7.344™" 7421 -7.520""
log(SL) -0.689™" -0.454" -0.393" -0.798""
OR" -0.597" -1.289™ 0.310
OR" -0.597 -0.320 -1.428
log(NH) -0.426"" -0.422"" -0.569™"" -0.443™"
log(SA) 0.647
W8 ST 0.467 0.252***
Jaraol RE 0.477
PP A7)SAAAA | 0.224 0.316 0.800° 0.032
%L%‘fdiiw} -3.730"" -3.270"" -3.385™" -4.257""
9&CHP A7 | 22627 -1.680"" -1.292"" -1.863"
ZA|5 0.091" 0.090" 0.102" 0.095"
A=) 13.475™ 10.879™ 11.324 11.918™
Log-likelihood 18.17 20.26 21.92 32.95
Obs 64 64 64 64
Groups 16 16 16 16
Ry 24 243}, BY(1)~(4) BFolA 352 AY FEA LR YA Folea2 1
F AR oS Bt v g o Jkadl 9] M tjiito] BAA 7948
Hol=Zo g yepylth A SHO v A& S S0l KU 2= o F7E A
71 71550 27} 9l BF 71 420) 271 So] ZAaitt thit A 7HE B0 B S S0 B
TR FEgl o, BAK o= folshA] ergteh wh, A A el 2o s
| EEAL ol 29102 FAEQIT) o= A Au] 5-& 2T ule} 37}
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[¢]
Ao 2 0.65 P22 UEow, S532-0.82 o2 20 s Hol= e s
[e)

T AAUTES) 9] A7) B o) mad o] AR UERT S B R, o] fof 4=

%

Foo] gl ABUAE THsa iAekT, At EASHE AYRSE SO 1]
A0 GFRAS BAT RPQ) BEYL /1FOR BHL AYstES Sk
thg < 4> 167) 719 AE Z14H AR W 2016-19419] Bghe

(H 4) 7|98 7| dMuSEY F Hlw
AR} SLE 719 2016 2017 2018 2019 Bt
A 0.50 0.47 0.49 0.47 0.48
B 0.17 0.21 0.28 0.25 0.23
H® A7Ie A C 0.19 0.28 0.41 0.47 0.34
D 0.29 0.27 0.26 0.26 0.27
E 0.98 0.97 0.98 0.98 0.98
p=A=] F 0.91 0.89 0.86 0.81 0.86
T AR} G 0.95 0.95 0.96 0.95 0.95
H 0.41 0.33 0.36 0.30 0.35
I 0.97 0.97 0.97 0.98 0.97
J 0.97 0.96 0.96 0.94 0.96
o]2CHP 9 K 0.83 0.91 0.96 0.97 0.92
ArdAE L 0.83 0.77 0.78 0.71 0.77
M 0.95 0.96 0.96 0.93 0.95
N 0.88 0.97 0.96 0.93 0.94
FRBI Ao o [ en | e
Bt 0.64 0.64 0.66 0.64
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4014(2016~191 )

71 e o1
714 At 27 o Ll 1:_7} ojH] Y
asi - - (Hek &) |[WEN vE| olYdE
A 0.48 86% 6% 337,619 105% 4%
0 B 0.23 34% 6% 192,487 109% 7%
;517]%/‘\:}1]-‘{;]1]- C 0.34 2% 5% 378,030 109% 7%
D 0.27 74% 5% 279,400 107% 5%
| 033 59% 5% 296,884 107% 6%
E 0.98 15% 15% 29,912 95% -10%
F 0.86 22% 19% 6,544 98% -3%
ot G 0.95 2% 2% 27,264 114% 4%
T 7IAFA A} :
H 0.35 4% 4% 8,316 98% -5%
Q4| 0.79 11% 10% 18,009 101% —3%
I 0.97 3% 34% 141,141 123% 15%
J 0.96 34% 36% 64,004 122% 13%
o1 2-CHP K 0.92 25% 26% 56,343 111% 8%
o0 AR} L 0.77 11% 22% 37,077 105% 1%
M 0.95 37% 35% 82,335 112% 8%
N 0.94 5% 6% 39,318 113% 4%
| 0.92 6% 26% 70,036 114% 8%
=122 (0] 0.25 12% 19% 67,034 103% -1%
tg%;] /\T'?EZ]' P 0.12 38% 30% 53,591 108% 4%
4| 0.19 5% 24% 60,312 106% 1%
< 6ol 2 AS1A BT} R 719] B ool vl o o,
502 of2uieg 2719 Mol o 2 A2 et 2, ARSI 1719}
2 Aol AATS sk 217] 9152 AR Alo] 0] ZHlolA] st
(E 6y T THOHE7H2016~19E TWHZY (T |l/kcal)
7] !
g8 A7|SAAFAA; 0.14 0.08
AR LA 7| AR} 0.14 0.08
GECHP SFAFAAF 0.18 0.08
EX e P 0.17 0.08
ot 0.16 0.08
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<3FE 7> 1671 719 ] 171, o] Al vl v & vlES vl £2, Yoy A]
AR A7 IAE A A A FEE AT e 7| ol A Z171 9] At vl v
3 A7 & Wl vlE B mijE vlEo] o wA UEhu, S9] qti 937 |AY
ARo] Z-oll= A AT 5 Fol 82% 5 AR, ol H]E-2 46%, AA| vl A
G| H|F-234%0] EFt. =, @ S THCR AR E G, A Tl 2 ol
=2 Fol o A7l A ATk g = Tk

(B 7) MA T 3 HEHIS(2016~101 BR)
W e R 0E e
1% A7) S 4] S 471 S
A 90% 10% 91% 9% 94% 6%
s B 85% 15% 87% 13% 94% 6%
A7) ZAA A C 94% 6% 95% 5% 97% 3%
D 97% 3% 97% 3% 98% 2%
ot 92% 8% 93% 7% 96% 4%
E 28% 72% 46% 54% 59% 41%
e F 26% 74% 45% 55% 60% 40%
A M7 Ak G 6% 94% 51% 49% 65% 35%
H 13% 87% 72% 28% 79% 21%
ot 18% 82% 54% 46% 66% 34%
I 45% 55% 46% 54% 60% 40%
J 52% 48% 52% 48% 66% 34%
& 4CHP K 51% 49% 52% 48% 68% 32%
—8—%0/\]—%41]— L 37% 63% 57% 43% 69% 31%
M 49% 51% 49% 51% 58% 42%
N 2% 98% 2% 98% 7% 93%
ot 39% 61% 43% 57% 55% 45%
P O 7% 93% 7% 93% 17% 83%
%iosg /\C])'?;?X]' P 9% 91% 9% 91% 13% 87%
Bt 8% 92% 8% 92% 15% 85%

Ao WA AAAE o) o) t2E Adu Erd 7] ghufjof] Bt o7} 211, 7]
S THEE vjEo] AL Atk & 85 Ao A7IAI A At A2 At

EN
il
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U SHIUTAIRIC| 7|aX MMSEM FH 3 MYETFE EIE 1670 ROl XIAMEXI Chet
g SEZZE|0{Z™(SFA) 24
HE]
(B 5 1) HRo| J|ZSAHH
K K" L F E H
Bt 193.3 154.3 720.6 145676.0 | 795541.5 | 315871.9
=93k 109.2 97.0 48.5 68867.8 149000.9 | 260176.4
gk 833 3813 10234 7057323 | 4379015 1280982
234k 73 6.3 17 1327.828 4.57 12236.3
EEHA} 230.5 129.1 2303.7 186835.4 | 1179579.0 | 302789.6
Tz 2 64 64 64 64 64 64
SL OR"® OR" NH SA ST
Bt 112526 0.30 0.17 24988.7 94.6 0.19 0.20
=93 63183 0.27 0.15 23063.0 90.9 0
gk 524490 0.92 0.42 69184 134.8 1 1
B4y 6309 | 22E-05 | 1.4E-03 524 63.5 0 0
®EHER | 121172 0.2 0.1 18490.5 18.5 0.4 0.4
SUECARES 64 64 64 64 64 64 64
(BE H 2) Yot 7|&™ ditegsdo 7|=8AHE 2 o274 Hln
=3(1) H3(2) 2F(3) 34
a5E4 aE4 g4 aEgy
At 0.65 0.65 0.65 0.66
=93 0.80 0.82 0.83 0.83
Z|Hgk 0.98 0.98 0.98 0.99
247k 0.08 0.12 0.10 0.05
FZHA} 0.33 0.33 0.34 0.34
U E 64 64 64 64
"L 2840 7EAO) "AEH)
FLA() 1 0.99 0.98 0.99
FE4©) 1 1.00 0.99
FALAE) 1 0.99
"ZEY4) 1
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