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Effect of Non—Market Environmental Regulations on the Use of Coal
and Emission Price in EU
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Abstract: Since 2010, the decline of the share of coal in power generation has stalled,
possibly due to the fall in the price of EUA. In parallel, the EU strengthened non—-market
environmental regulations (IED, LCP BREFs, etc.) and subsequently the share of coal in
electricity declined again in late 2010 s. This paper statistically analyzed the effect of EU
non—-market environmental regulatory policies on the share of coal in the power sector and
emission prices. We found that the non-market regulations on air pollutants and
greenhouse gases led to a decrease in the share of coal. On the other hand, with respect to
the emission prices, the non—-market regulation on greenhouse gas caused a decrease in
the emission price and the non—-market regulation on air pollution caused an increase in the
emission price. Therefore, it is speculated that non—-market regulations may lead to a certain
level of substitution between the two emissions.
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1. G+ X0} Hel, YHE M

EUS7IolA= 201087458 EU v 7H4 sttt wagsto] Ak 4|
o] ZHAA7F 5k Qi D BUE 20109 ©]% [ED(the Industrial Emission
Directive), BREFS(BAT reference), EIA(Environmental Impact Assessment)
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1) EU ETS= A" AHE-E FAA7]= 8 5U°E A&ttt 2ol A4Ho|t
Delarue et al.(2008)°] W2 ¥ AZAF AIE2 EU ETS 7] 7|7t ol vi&d 7}
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Skal B4R £E 13] A Lﬁ"/}. EU 4 H] ]%}51 ?Fxﬂwl oqﬁokoﬂ gt
H 2= Bachmann and van der Kamp(2014)2 EU9] shHdw d4AA
H| 9] &AL 7 H S (retrofit) FAHSCR: selective catalytic reaction)©]]
gt BC(HI-&# )24 A7t Ut ofof w=H, 1ED of ofetk BAT 74
= ol det 29 «HdS YEtlle B8 B8t o] EA4E=
Aot i a0 Aol [ED FAR st Fashs AS HoFql
ong ZHHACR AR QIS AeH|Fo Tas Gﬂéé}‘ﬁ‘:}-’ EF
U Aolt}. 3HH Sandbag2014)°] WEH EUQ| Aetste o] gt
2 Al ek oA A 82 2013 ©]F ofn] AJZtE|o]
83T 20 = o3 o], EU AR <F 35GW 9] Agt o] 7
= AT A= et qiF29 7ts SA7F 2A4H S #
ShEo] Hif- RAY SF HHAR o gigt dHjdR| 2 Z-EEE FH gy
2 motEglth 20134 7|Eo R B3 A4S At ARARE AR}
+ TR AA ] 2AVIA HiEFE 7|E HIET Y] 3% H Fast
+ A8 a5 YeRlthd [ED A dFol tigt E st A=
Remus et al.(2013)2 7]& & Auof| tigt 22 du7hA o] ek H]-8H
oA St AT 29| YOE UBhh= A7 v B Ao R y
Bttt o] 3 dAeks A7 ARstE el
17 24491 A sfigatet.
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o &FAI7E 8% FL2 skl vkl #A5FATE Geisbrecht and
Dipietro(2009)= CO; & A= Qlsto] Aetsledrdart waf==] ¢
oHH At 19 7leE FAE A &= o A =T £4
Skt 71/ FAY] AL 7|E Adste il fES 52 A7t
S(re-powering), CCS(Carbon Capture and Storage) 7|& 6224 AT
ot F29 BExpert oAFEn Y B gtk Hanna(2010)E 19661~
19999 siduo|gE ARESte] £A3 A3 CAAAR QIS wl=o] 7|9k
i =3 7190] rl=o] ofd =9J=9] 9=l AHEAHFDDE F7HIR
thal AT} Sueyoshi, Goto and Sugiyama(2013)= 19908~20079
717k9] AAE Hlo|EE AHESE DEA window 4 Eoto] v]=9] 34
TAZE 719 Aol 444 7] E shlon 2ATEA A7F 73 StE
ofof gttt FASHGI . ol2et At ANE2 eHp PAFRY FAPEA
A %(Clean Power Plan, CPP) 5 Aerddo] tigt S FAIE XA oh=
Aolgtal & 4= Utk oY ARATE2 vl= A dA Aedgt
iAo SHEFAZ ATt HE 4 Iyss
FIL Qlom FAof| 7kA 714 Skt 5 ofEf 891% A8kl Sl Ko
L Qith

Zeng et al.2017) F= Hlo]A &4 viEH 714 dolEo] gt
A VAR BEZ AHESto] &4 wiEd 71, A d 2 o] 7
o] THIA BAE EAI5te] Ho| Y T wiE&d 7
2 714 9 BA IAE {Fo5tAl = EAIRE 9] A7 A=
Hoj3gioh
20| gt Pearse(2016)Y A= HiEAANTE AedAHS A
| 9 ohA] Eohral low AFFANto] AgH|Se €Y & At
AUt Pearse(20160)= 204 HiEd Adle AR HigdE5S
£ 2o 9 2AVIA TEC0E HiA st = AR Hi glon, A
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L o] o] =B 50| that =olo] 5t uh$: Ax}Aolet T 4
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S 500179 A7 AFANA FlETE 2 WEAARAE
7HANE T G BU F7FES) A A vF] uAE BA
7 vz gee Bastug e,

EUS| stz 23 24714 A 7|2 A 3
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1. 24712 AHEH

EU 3l¥9=59] =7} &9 2474 548 52 EU 359 A4
A|(Common and Coordinated Policies and Measures)°]l 2Jsl] =<

o]7] lﬂ1+°ﬂ NE=71e] A EGE U AHdoA] Ql=]of A=
of th3f olsfish= Ao| Fa5Ith. AeAREol| = vIA]
AZFA AR LS ThFe 729 EU A1 (Directive)
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A Zlo] At s 2 BE I 91, o] WHEEoY Aga A
&= = ABloA] EAY S 2A7FA HiEo] A7HE AL =
o}, o] 7kt WHEZ] 2A7HA viET PRt W0l Sl A2 Hy
HAHAR, AR A, FHFEHAAR 5ol Ak

HHAREO 2ATIA HiEo] FF2 A= U9 8 247EA 45
A2 EU H&AAANA =(EU-ETS), 4 715838t 22 IH(ECCP), EU
?—9} olYA] 37| X|(EU Climate and Energy Package), 2050 A &taA}
3Fot 2 E9(Roadmap for moving to a low carbon economy in
2050) 5°] Utk

AR, EUY HiEHd AHAEU-ETS)= 200499 EU Aol 2] A5}
20059 5-E A= Qltt3) EU-ETS= Phase 1(2005~20074), Phase
11(2008~20121d), Phase 111(2013~202041)2] Al E}ﬁli Lol %13 FW
U+=Tl, Phase oA = YHAREES Z3eE 28 42 AWE 52
A QAo g Askelith EU-ETSE 20054 éj_WEJ_ ojF A&
2 2A7IA9l G849l T 7]ojste] ¢tt. EUA(Furopean Union
Allowance: EU-ETSOIA19] &ai&d) 7140] 252 FEolA g 4

2 7 s 201849 HiEd SEH e BElste WEe

37:'5;"; 471 W73t gkolof whet ”ﬁﬁ}q 20184 7€ @A 17%?._ o
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= Yeiaz M‘jr I8y SAFASE, dadAdAs 24 3£ 5 Al
o] B9 A&t Stk 1%4 ] E7okl S H17% deﬂ"}
A== H% AAHRA =] B 2A7IA AE5ERY] @40lHe &
“ﬂoﬂ/ﬂ}i & EA7F /it & & ik

% U 713 -] m7]12] 3L 200749 F-HolAHI(EU Council)
o] J& J 2 EUE A(®)HE 2 199 8.7 A(a low emissions

and highly energy efficient economy)@ HEA]7| 1A} 7] TS} FA4| 0
sl &4 H9 W (integrated approach)& ABSHAA AJZHE] ],

FEHY = 20089 1€ 2020E71] EUZ} i&st= 2A7EAE 1990

3) Buropean Commission(2004).
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g Hﬂ—g% o] 20% &3t EUS) oA dejerel 20%E Aol

Fote, UL S B BUY 1 oUA] AuleEE 1EA
ugfq o] 20% BETHE BEE el of W)X FAL ole 7
A ABee BUT A2 ol & 4 9k

AR, BU 2050 AetA 2=do] o3t HAEo M 20119 3¥ EU ¥
3

Y= 20509714 2A7EAE 19909 thH] 80~95% ZHE3HIThH= 3
7] BRE B2 ZEWS WHSIGTS EU J%*H%H AdE e E4
o W= EU quUiolA &= 247HAF 19909 thH] 20209 7H4]
25%, 2030Q97FA] 40%, 204097HA] 60% =0l A ThEohe A2 HlEa

— AT
AR AZE %; %‘ﬂ“l 7Fset A0 A=A 45 Aol 7t
2 AR A= 205097 CO2 <=Hl&Fo] Fuf
£ 3o TYote AS HRE ofdl lth 20119 39 @A A=A
3ollA 45% 7HEE AASHL Qe Aea7|&9] v 20204 60%,
20309 75~80%, 2050°lE 100%7H4] S712 Zgo|ct.

2. EUS| HIAIZH ed+d 712

EUs= 15 534 LF=EHAIE 21t Sdedad 2 4 A
H(Integrated Pollution Prevention and Control Directive, IPPC(2008)),
E35151 7 & (Integrated Pollution Prevention and Control, IPPC) X3
(96/61/EC))x EU ti®2 AAAE A Z(Large Combustion Plant
Directive (2001/80/EC)®) Ajeisto] etk Rzo] thet S A4S
ABstoiet. o] % FAIZdSE SHolA 2271871 (BAT: Best Available

Technique)oll <ATH AARE 2 HE & A X (Industrial Emissions

4) Buropean Commission(2011) ¥ European Commission(2012a).

5) B33+ 2 (Integrated Pollution Prevention and Control, IPPC) X1(96/61/EC)2)
2 EUH Y] 4GB 22 E v &5 = L AE Ao 2 AAsh= AL HHO =2 U
4 HAY F FLoHA A 29 Yo 2 HE FHH 0 E Fe|sh= A H ol

0) 2ATIAE A3t L AEE S A= XFo2H, A ARE AS-ot=THAH]
= o] AL 5ol AAASHET o} A7t A B & [ AIE WA "
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Directive, IED(2010/75/EU)°] 71& #19] A3 HEC] 7]8F A A
@722 A, A )& HAsH] sl 20109 A=A
t}. ofof we} EU 39552 201349 19 79714 AlEA A8E IED
A A= HEAR)E AA=ateta] 20109 149 197E 2 59 A
5 S3HA 71&= AAste] AEsta itk

EUCA BAT+= 19909 IPPCOlA = QAMAE 71& A4 $5& 4
Fote 2AZ TYEHJ. 2y TR 5 i AaAlE gk
HS5AQ SA4¢2e] e o] wet 20019 tht2 A4AH] A J(LCPD:
Large Combustion Plants Directive)o] HEI=HA BATE /W A, &
g Al dfsto] A-&o5h= Weto] =9E7] Al&StHES) o] F 20109
[ED A3} 20169 717 AZ9] Aeof oJste] Hf, Af2atst, AHE
5 AZAQT} DAL gt AR SAEFAITE NEAEE Ao
T Z33tEA BATOl AT AI7F AA AR o E BASHT

EUE 20039 A4S AlZro2 EU A 3jd=ro] Zb= g +A ol
Zrarstojord & 5|7k AR BAT ¥l 7 (BAT reference; BREFs)=
Xﬂﬂ Skt BREFsOIAl= YHH o= 94 753t v el B9 HiE

s(Associated Emission Levels: AEL), @&3 4220 4 FF(lower

BAT-AED)Z} &3bd 39 o 7|&2 ALH 0= A A|ste] ety
Utt. BREFs= /N8 A E L FE4 wiEde gt H37M871e9 8
A= Aot o]of wE wiEHAlrEY] Ao Tet Y2 FIIe &
Aol 2 JiE At AFdoll thet BREFs 27 7A3fsto] A2 =
Aot S SAFA7E B3tE= Ae Yuigith

BREFs(REFs %) At tite AaAES 23kste] BF 3570
5 (activities)o|ot. 2 AAA|Aof th3t BREFs= 20179 7€ %
Ao g2 AeEo] $PHA7|ELE A-GH L Tt BREFs= ¥t BAT}
E4 340l 485 BATE 45 0] it} ARt BAT= AFY AA|9 &

il

7) 57) A% Directive 78/176/EEC, Directive 82/883/EEC, Directive 92/112/EEC,
Directive 1999/13/EC, Directive2000/76/EC7} Z3+Et}.
8) European Commission(2001).
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2010190 EUE 11 5% E=2 EAHE AAE B EU 2441419
ofg] 7|2 ANES TTHLE AHESI AAAEY] S dA 2
o] #3t -4 AA A (Directive 2010/75/EU on Industrial Emissions;
[ED)C.& A+A)5t3dtt. o] [ED= A S5l 25 E WAsk= 299 &
&4 o 9 #29] 4o 542 FiL vk 78 W82 aokshd, Mt
Hog w2 £33 SHESE ¢ ti7], 4, EYLR] LHHES
APAof| oitstal B7Rst Y- QA2 AZstoiof st 7 8E AFgAIAE
(Annex I, VID9] 2@ Fldhxl= BHEA] 957 Sdtofof 61z, 57}
ZZA(Permit conditions) >+ 4E Q2 FEZ (Annex 1)of thal Hi&ESHAA]
(emission limit values(ELVs))E Zgstofof 5, o] ELVse= 271879
(Best Available Techniques; BAT)Oll T+#5tofof stcal 7]&okal QUtt9)

20139 4H F7g0] ZslE o] AP i} [EDE= EU 34 FA0] L
olA, Al M, BATY ARG, -4 &l 35 o] 52 HIF o=
+YHth. 53] BAT= IED Al A9 A4 W&o= EU AA o oF
50,0009 7§ AHGAHIE JHA [9] tiF = St} [EDOY|A] ZA|shH=

LAE4o] et 7|2 BATOIA AAIE AEo| LA A=t
T18u BATO ARt S Al ERS] B4= floto] A28 F = H|-go] |
gt Fzofl tisiA= sig AFdAdH Y] AR A9, 71e 54, 8 H
5= 1Esto] oA &43tE Ve 48Rt

[EDE= A9 AR #0171 ffote] AT AFdAnlel tisto] 2

ofk
fa]

\1

9) A4 5(2017) © AL E2016) F=.
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£ JFASHL Stk TS Put AlRlo|y o]sf FARAREo] AbldH]of Higt

A MASHAY AFSo] JHE E2l

ol At} oS FAAES E-PRTR(the European Pollutant

Release and Transfer Register: 02 I =4 vjE 9 o]d 7|EH)S A}
A gEcte] @EE5R] 24 A=E ERIT & Utk

IED7} AJJ]7] o]H9] 7]& IPPC AHoM e 7HeHE A4 AHl9

T35 Hel wet 7[Ed o2y AAHoRE 7 axpdol MHH X
2 7| (BAT) st skar QUe}. E3F BATO| AT Hi& A3et 7]
£2 A9d of74S nEst] AAHET. 2=y [EDoA = Ardd 5
71& Y+t AadH] AZ(LCPD)Y 24 W8S FAsHAA, AHd
AAY 52 15t st AR ALn|o] Histe] AE 7]do] Aest
& e ZAE utAsHYh & [EDAA A3t FFA =45 o|Fst
£l %lofA], #o] F4(opt-in)T B Z4H(opt-out)S AHFES 519

o} A& 50, o FHL ALrtAY g3 MH] 55 FAsto] [EDY]
SR ATES Ecte AEoln. 23 42 20159 27H] S5 +F
%

| j=
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10) Sandbag(2014).
11) European Commission(2010).
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thste] 20164 7HA] SCRE AA]5to] NOx Hi&EHS 90% =714 A7
ok Aoltt. I8y & 7H1] SHoA] o]#st 9] Aol o]0
ettt 1A B3t ARAA 749 Fol ol thakst 9 28
wtel oF 49 o)} gx9] Ago] AAHH. ECe 5, 4= 5 F8
=70l Hiofas Ardoz G FA 7FASAE(TNP: Transitional
National Plan) 7i'd& 0‘3}01 %’ﬂ?l A £ 717HE 20209 SH7L
A& Aot E3F g71e71E et NOxe| 3¢ A 9 717t
3 Brh Au|-9] A7 7]&0] l% ]*-0}74] Hof upe} Bt f-gt g
A9 "wg/go] A7|=St. ol SAFAZ Y HYst= 49 Bt
3o Hlgog NOx AW BEHE -é’%?'f}td*i Holg2 AdHoz =7

oy
SA3HE o] FH5aAE A
o

filo
o *g
rol
O
o,
lm rlr
Hd
=
o
=
(e
N
T
N,
o
Hu)

712G EA wiEA ol oA 7ER o ThE AR wrgshs FH 9
Fgt g8 Aoz uEE 5 Qi

20109 7178 o]¥ IEDS] NOx ¥i& Azt Agh 7152 Ads] 43t= 9
ok it 712 dit AR A44H]9] H9 200mg/Nm’, SCRE =
A3t Aur]9] ¢ 80mg(AlqHEel A dut Mgt A= 150mg, FIEE
200mg)ell&3te}. EC SCR 742 A9 A3t 71 80mge Hrt 743}t 4
golut, B mqA WHEARY] uho] EAfstal §ltt.12)

tlo @

T8I 71E Hd9 A9 Aok A Ve Ec] fAside B4
7h Aasiet Ho] F49] A ol sHdw Ax
dule] Ag=H, F=3t =2 *—1%9} 7 Adv|o] dS dWEY,
71% 8] B3t 500mg/Nm’ oS 1%;
o] 20179 °]F thti FX7F "ast Aol

BU 712 2016458 A== 200mg/Nm’S] HiE A3t 7|88 &5
sfof gttt Z1efut obA ATt At 2ol Al 45 Hste] 74 =E=
A3 Aol Agoldt @S 1Est] 20209 697 F7HIEA LS
Z3fof 3t} E3F 20209 6Y o|A7HA] Y|zt gt v E EF s

X

_]

Hﬂ
iy
e3]
)
=
ne
ON
=
Ho

Mo >

12) Ibid.
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AAs, wiE A 22 @49 500mg/Nm’olA [ED7}F AlAsk=
200mg/Nm*7HA] W3 Axd AZS A Aok gic}.13)

el ggsto] AHE Boto] AHEE B4 fASES ot

A S 2016~20234 717t % 17,500

9] 7Hg AIZHEE (A, 2,187A1%, 25% H518) 7+A19] tiAtoll sigs

= ] SHA f2okA] 7] o

£l 20239714 Y5 EF 49 shdE A4l A9 &4

[e) =
slstol 7129 Autsie A Y H2 B2 1S5RS YA fE

= oo 2
S = & 4 Slth

4. w2 AALH|(LCP) FZ20i| it BREFs 71

Aetste] BAME7 SEEE iR 44H]9 BREFsE of&d
IPPC A3 7F2-Hl sh& 20000 H&xE E7h=Qlek 22 20104
ARE [ED Ao wet FAHQ FEFAeE g0l AP
201349 E°] 7§ QoA it AA o] thgh 73k BAT 7]<&0]
ARJME L, o] F FO7t HEEo] FAI7E AR U i AAA]
A(LCP)°ll gk BREFs= 7HE A1, @ AmfAE = BATO| 9]Aste U
A Tt o4t Au|9] 0 AEA HiE 7|EE Aot EU BE A Y F
B3t}

oHk QA A EIQIS0] A 59 AFAE foto] 2
AH|9] 7hE At 5F TEot theFet WA RS Tt AdER

o

AN

o, 41g 5%

13) European Commission(2012b).
14) 343434 1(2013).
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L pEHel A AASte] oA Wl 5& B9 AFHOR

AitAI7 1] AAE. A€ =01 7 U 9= 57 9§87k o9
£ sigelke 3% BAT &% e A1, A8 7% 48 24 <
HE3871ES 29T = Ut BAT Hi&s<°] &7 €9 l et =

& Frole 1EY W2 £ wiEs8]

& AAT 4 Aot dE 0] EUY dE=7IR] SL9] 73 4
S AHHEYA 549 vjEAA 5)7k= A v AR ¥ (Federal Emission

Control Act; BlmSchG)ollAl w#4sta &=l 517} ti4=2 [ED7} 85t
= AEt g4 i AlEst Hof glod tifi shy dm 4wl
WAL S7HHAAER R

i AadnE|of tisiA= 20179 S22 & BAT 7]&o] A
th15 20179 HE SHHARADAILA gt 2L A7
BREFs/BATS] 2& Aiz0] 54 £d2= A= =AU, oF 4471
A 71E SR dadvd E3ste AZ Hgt AE2 2016~2020
d 717t F 249 o] AE Y o HASE o] A Folot. of et

%2

o HN
o

it

%

ol 485 0l E FU 24 BACE AT 0l i 35 2
35 553 oFolthio

AR SR ALAGN AT FRIETA 1P BRETSS] A9
of whet 20204 F3F o] Fol Z1E9] LUk FAIEU ETS ), A
oA A9 sheQiae] Bt B857t 5 Aol EYH Ao
WAgsto], BU ) Alskateiae] 32l wA7t fEg Agold.
A o) 75 9 AT SEo S glo] AFT AIEe
o4 Sl wet AR o T APD Ao AAE
AA7E S Hot AAe) JMoR AR B
EYHQ gEele 74 o] SEThe

0|9} 7t 3 HRo| A
o}, ol EU ) tf7] 3
the 7, 71%us 5

15) European Commission(2017).
16) EU S8 8 A9 Q87 23} 20164 2€ 23Y.



2]9] g4 A2 E%M AL 7|1& D9 g8t ohet dgt
2 s WOl AlF Adu] 2ol gk AbdH]l A st 0 2
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(2% 1) EUA {3 714 &

o N A O ®

'11.08 13:07 '15.06 117.05 1711 '18.02 18.07.24*

At=: EEA(2017)2 EEX ¥ALO|E(http://eex.com)
2120181 782 SEMUX|HeiA YU 71EY

A A X 714+ (IFA: International Energy Agency)oll W29, 201749
OECD=7}19] Aetstegditd &2 3,011.3 Twhiterawatt hours)2 2016
H 3,043.8 Twh Rt} 32.5 Twh #43F $=x]o|t}, o]&= AT 10d &9
A &2 07 Zhashs FA7F ojoj%l Adto|y, ZT Eof tha E5hd 5
Z|o|t}.17) OECD=7He] Metste b o] fhae F2 EUSY=9] SHA
T ARETHAlCl 711gte (F 1eflAeE 2ol 20179 Aehdde 20164
tiH] 32.5 Twh, 20109 4] 725.4 Twhzt4ste] ZH2F 0.9%, 19.4%9] 7+
28-S 7|55t 20109 thH] 2017 717k9] A9- w]=o] A 7|ojE
ol 7} wom, {FHAH A= J= o] 27 85.5 Twh, 21.2
TwhE AeaEdd Z4o) 7P gol 7|3t =712 et 593
e A= 201090 o] % A&EH o2 Ao | A|

17) IEA, 2017, Coal information 2017; IEA, 2018a, Coal information 2018.
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E 1) 2010~2017'4 OECD =7+ MErs|Z{UME & Ha} 0|
(HY: Twh)
T OH|2|7t | OFAJOF,/A|O0tL|OF 8 Ol=
2010 3736.7 2122.9 740.8 873.0 1994.2
2016 3043.8 1481.0 772.6 790.3 1354.0
2017 3011.3 1437.8 804.5 769.0 1316.3
2016-2017 -32.5 -43.2 31.9 -21.3 -37.7
2017-2010 -725.4 -685.1 63.7 -104.0 -677.9
DA = Zuc =H =
2010 26.3 273.5 138.4 55.0 108.7
2016 10.5 273.2 132.9 92.3 31.5
2017 13.8 252.4 133.4 97.5 23.2
2016-2017 3.3 -20.8 0.5 5.2 -8.3
2017-2010 -12.5 -21.1 -5.0 425 -85.5
At=: IEA(2018a), Coal information 2018 overview
ole} T2 Aeto] ARgAAe] wetA EU F2=01 A =Y, =9

qd F ﬁ%ﬂé%&-‘ﬂ H]ZF2 200689 22 4.6%, 47.2%, 38.2%°1A
2016\ 2.1%, 42.5%, 19.8%= thZ stsleh.18) 11 Qs f5okAd
A Aere] A7 (A A7EA thE))o] 455t o, o|¢} BlEe] EU W
oA Aebddol digt #A7F BAT A4 =Y 522 31 Sl= A
7113t ERF ther AP AT} 198} Ho A 52 #7]9] HR/o]
5FE Ax 4 F stdolth E ohE Q12 F714Q1 2ATIAFA
733t} o]of] mE Agka oA HAE YQlog AEotrtal & 4= 9o
U ol= 201093 5FE AIZE NG #iEd 7HE 9 siete s FEs51th 4
Eho] B|& ZAl == AR Ak W¥aE Aot} 20149 S0 EU

A 9] MUY HAA7IA 7449 sl whe) AR i dAs A%t
o] AP Qty. YldH=9] HAZFA 7|E7FA(TTFE: Title Transfer
Facility)< 2013¢ 265-2/MwhollA 2014¢ E°] 165-2/MwhZ s}e}st
A1, Aetdl g4 7ML stEslg o AR o2 slEkES 919

FARRE 717F B¢ 71 9= HiEFolE AHEY thy (O™ 2

18) IEA, 2018b, Oil, gas, coal and electricity quarterly statistics.
19) International Energy Agency(2015).
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2%

o Zoh. HIAAA A9 Foks & d719=de] Ads &
O= stz Aoy I ATte d71ed=dY Hiesd sF2 EH &
At d7]1 L AEAQ SO, NOx, PMps9 < HiE 53 AHEH
A woket A4 8571e 3 5 o& Qsto] ARt o2 A
NOx9] Afol|= 58 H A& odA] &H Y F7lo] WE 45 4Y
ol E+stal 2008¢ 7158} ofYA] #7]X|(EU Climate and Energy

od, -l)‘_l

Package) A3 59 FFoz At (TH 2» F=X). ol 7|
E49] viE ae Auo ARgAd 22 7|1t & £ ok Aw

o 71992 B3 BAHE 4% SFol $h9 t7] FAFAL

2AHon Mg Ag4AS BRE S Yok & S Yrk20

(d% 2) EU ¥ EEA s|8i= FQ f7|2HEH HiE 50| (2005~20154)

EU EEA33
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0
h e AN B e D~y M R Y b o A 2 o N vm o b
OO0 0O 9O 0 Sy dty NS Ny DO QO OO0 o NN Ny
FPPTPFTFTTITFTS FPPFTITTITFES

At=: European Environment Agency (https://www.eea.europa.eu/data-and-maps/daviz/
air-pollutants—emission-trends—in-1#tab—dashboard-01)

20) EUClA Aetsteldbd A gi7] o F A7 13 H]-8-2 A7t 4289 R20] Eol= A
2 AT o] PMys, SO, NOx TRto] 23 ZolH 5.57] & &3] Z‘tﬂ
O 3t A7t 18,200 27|AME, 8,500% Q] 7| A H 418, 4009+ o] A
9] =44 So| Z3tr|of QIthHEAL, 2013, The unpaid health bill: How coal
power plants make us sick).
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Xt&: The World Bank Group World Bank Open Data (https://data.worldbank.org/)
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2 HojFd og (E 29 Zrh

2 AFoA FH AR I EU7ES] A W AEt|5o] #sto]
HIAGA] S 51A17F BilEd7E ol U Aek-7kA AHi7bA o] AXste A
Hop 27HR1 J3F2 mlF=7HE ASche Aotk AY Wi AdHls
EUARIEH 7HA0] o]X EUS| WA A9 F3&2 45171 #I5to]
EU 819= 5 2670 =(ZE, SAF2 A9 2004-2017'99] HddHo]
ElE AMgoto] B4 £oiqltt. HoleY &4+ vt 2t} A4
EU ETSY] ¥i&# 7} ¥3k&-2 SandbagollA EEX A=E A4 =gt
2008'3~2017 EUA 7t4 &% A= ol&st3th2) GDPet fl4=
World Bank”} &Fok= World Development Indicators i@ 32| 2}z
£ AFESHlaI2Y), EU 3] M EZo] AR Aetal HAZFAL] 4]
2 Sandbag®] olUA] DBAIRE ©]-&5t3itt. B|EU 3]¢=9] et} A
AZFAY] AH[FZ v= YRR LAY HG Y] A AT ATY oy
A AmE ol-&stth) A 9E 714 Azt P sk Aga AA7EA
7tA Atz S&P Global Inc.8] S&P Global Platts, ¢ AEA7 <]
Energy Data Statistics, Energy Intelligence Group2] Natural Gas Week,
IEA®] QOil, Gas, Coal and Electricity Quarterly Statistics 5 541 7]%<]
dsol AEE olgater 29

=

21) Sandbag, https://sandbag.org.uk/carbon-price-viewer/.

22) World Bank, 2019, World development indicators.

23) US DOE/EIA, 2019, International energy outlook 2019.

24) S&P Global Inc., 2018, S&P global platts; German Federal Statistical Office and
German Federal Office of Economics and Export Control, 2018, Energy data
statistics; Energy Intelligence Group, 2019, Natural gas week; IEA, 2018, Oil, gas,
coal and electricity quarterly statistics.
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E[aISES 2
2005 | EUETS  loropuge preniz 2esan g | oA
vo0s | EU 71%-OICIR| T [ 2271 210l it EEH0I g8t |EUSIE=01A 2008 0/

7| B A 7| XY POLICY1=1, 0]T=0

EUS|E=01M 20104 01F
POLICY2=1, 0|&=0

2010 IED =Y S8 HAULHSE HETHY

IS 712{0] S0P AIZOK E2El
SIA XZFUS PG Ao

COH
2001 1 2050228 ienor 7m0z 7o) m=502 74|

CiOjH01M X2

CiojojAf 2]
2016 | 231 LCP BREFS|LCP BREFs 9| 2sf= AfeiotA AJ0jEUSIZR01 2016 Ol
ey Cit01AS 2125t 7t HI8 A 2019 |POLICY3=1, 0J1=0

ol
-

FU 7159 A9 W) g3 FU o & 7170 sietat W
o J5ate A4S RolFqlt. et 2008d0]% chopst HlAAA
A7t 1Y o]F de WS Y A E BT thA] AekelFo] sk
SR Folg RolFgdth.2) Jeiy olefst 222 WeAAL s
2 ALSrts FoA BAEo] Atk WS A/MAL ofe) aglo] ofs
of AE ] FAGH) Jelol M e wons Yggel B4 %
B} Wet EAZFAY WSS ETNSE Agdtel 24T
IRREY 22 AU ) S FEUSE e 2449 £
PSR Agote] 25 204 HAASHOE 2HS9T 2, A

Y w7 Helked] diet #4442 v 4 ()3 Zo] #4314 o=

25) A9 U] AJEH|% (SHARE)S :4317] 18 2kt OLS 2.9 24 Aake the} 2
24412 WS 7HARS A NS RS 24 AT0| T 2442 &
71A(P)} 38 TFAXEREGHE AR Aoleh, FAFAAGE G 2014 A
H]ESE BT Ee golth 24412 $21511] BT 4 FAAGE ALgstol
24 24405 WEA AT R ATAAS B3 S8 ATHE RolF Itk

(F74241) (F4242)
SHARE=—0.00227P; + 3.13 SHARE=—0.0991P, —0.14262REG+3.648
(—0.93) (97.2) (—3.0) (-3.7) (23.4)
R? =15.0% R? =78.6%



EUQ| BIAIYA SHA- A7 T8 W AEIS D sER 710 01 g =24 = 171

BE Byol tje 24H9 £,2 3450] 0% Suuso] sz 4 ()
of Astel AL Palow gt

Py=ay,a,Pp+a,COGAS+ a,POLICY1 (1)
+a,POLICY2+ a; POLICY3
SHARE= by, b, Pyt by COALDEP+ b, PCGDP )

+b,POLICY1+ b, POLICY2 + by POLICY3

9ol 4 ()& P, (MI&A/AHER)7L P(EEA7E), COGASH
g3} 7tA A7), POLICYL(EU 71%-o|A] #j7]A] A& 5 &
) POLICY2(IED ¢} |-), POLICY3(7}3}El BREFsH® 95) S
o] gJste] AAYHrh= 7Hdstol AHeE Alo|tt. 8|1 4] (2= SHARE
(Hete] A9y vE)7t P, (M1&W/HEHER), COALDEPONE 27}
9] GDPHiH] A&t H|Z), PCGDP(YRIT GDP), POLICY1(EU 7]1%- ]
YA fi7|R] A £ §5) POLICY2(IED A& 5), POLICY3 (7}
Stel LCP BREFs A8 -57) 5ol 9Jsto] 2 Hthe 7HdS F4 A5

S92 Hausman #7482 A g dlolelo] tfet =4
St Q‘%EEL}E% (MLE Random Effect Model)& A€ -At&o} T}, of
A9 (& 3)2 HlEA7HAHEREo] tiet 194 =Hdxor (B H)+= 1
32 SYuse PR A8 24 24ATRA ALY 4

& 39 FHFUE B 5L AYT BE W 3% A0
YeRton, £,7 el 18T COGAST 89 $eIg AGE tehin
k. Frl e F] AT ASE MBS SE3} HEE A
d5180] Yo} AT D Slcks A Reird ok 202 g
ST COGAS AL NR-7kas JirbEo] £84% WEA 1A
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THAel et B HuH

> 3

Q1 POLICYIS ¥37v POLICYZR} POLICYZ

o J2HOR GOa 259 AL ol FAHFL Avtey T 4 Ak

EWE AT EWIL AEE ABAAN MEWHA st
2lo] 93 ek A

21

ﬂ.1>'

(B 3) HIEATIHHSIB(P )0l T3t 120 £W 2

i A% 250 U
POLICYT -.3747943 -7.08 0.000
POLICYZ 4061028 6.06 0.000
POLICYZ .1352503 2.32 0.020
Pe .0372685 8.89 0.000
COGAS -.022246 -3.12 0.002
&g -.1784007 -1.60 0.109

Log likelihood = -87.207285
LR chi2(5) = 126.87 Prob ) chi2 = 0.0000

& 4 =294 4401 B =59 5 TR Ay MetHls
of tigt 3|4 Aot} POLICYI, POLICY2 R POLICY3S SAZ o7
RO g0 B52 /M ASE /M ACE vkt 223 wiEds)
A SRR Age FootA] F2 AoE eyttt wiEA7 E o WA
g 1Eote] ERSE AMSS 2B A ARG HE Aot R4 4f
AA = 4l u|7t FE g3 G uHeE Aot o HEH
BEA43= 929 o OLSEA At 3 A AolskA] gotct. oit &
< OLSOA Bi&d7HE o] RolstA Yehgtoyt & 24 AiloA = viE

AHAREEo] fol5tA] 9A Yehd Fito] B2 FHolgk & 4 9lrk
W, PeGDP) AgEe folstA Y GDP ofE] Askgals
(COALDEP)® %9 9% A5 7HA% Ao 249t

27) 28 0|9t £ dA2 FA AR Aoy, AT A2& W2Vl AstelMe Bt
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(B 4) M9 Lj MEH|S(SHARE)0| i 254 M0}

B A= 2 84 p &
POLICYT -.0221317 -2.27 0.023
POLICYZ -.0158143 -2.38 0.017
POLICY3 -.0319747 -4.96 0.000
PE -.0031086 -0.22 0.830
COALDEP .0001085 2.31 0.021
PCGDP 7939195 1.14 0.253
Chnc .2326304 5.44 0.000

Log likelihood = 583.87497
LR chi2(6) = 114.30 Prob » chi2 = 0.0000
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