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(2010L.JSD/ (4H#2Hoe) (eH2Hoe) (toe/capita) o200z population ({CO2/capita)
capita) 10USD) (kWh/capita)
China (People’s Rep. of)|  12,344.32 2,593.11 507.94 224 0.37 3,927 6.66
Japan 34,905.05 26.59 42227 348 0.08 7,829 9.35
India 5,328.61 541,81 289,72 0.64 0.38 805 1.56
United States 50,620.74 2,011.98 2581 6.94 0.14 12,962 16.22
Korea 33,659.46 4911 232.84 5.32 0.22 10,564 11.26
Germany 42,455.42 19.75 196.49 3.78 0.08 7035 8.93
Italy 32,390.95 36.69 115.06 2.4 0.07 5,002 5.26
France 36,372.83 13713 114.24 367 0.09 6,955 432
Chinese Taipei 39,895.64 13.64 101.70 4.7 0.23 10,738 10.68
Turkey 18,173.19 31.35 93.72 1.59 0.4 2,870 4.01
Spain 31,183.38 3510 91.94 247 0.08 5,358 499
United Kingdom 37,793.34 108.24 87.40 278 0.07 5,131 6.31
Singapore 77.356.49 0.65 75.75 512 0.10 8,844 829
Thailand 14,707.07 7874 59.58 1.99 0.35 2,566 3.60
Belgium 39,586.02 12.53 4750 473 o 7,745 7.83
Brazil 14,855.54 267.25 4278 147 0.13 2,578 2.31
Netherlands 44.,610.91 5853 30.51 433 0.09 6,713 880
Poland 23,028.85 67.33 2790 2.44 0.18 3,923 7.25
Hong Kong ,China 51,501.38 0.19 2748 197 0.06 6,073 6.62
Ukraine 7,635.58 76.93 2747 2.33 0.79 3412 5.21
Belarus 16,.997.89 367 24.31 293 0.46 3,682 6.06
Chile 20,579.04 12.92 24.29 202 0.4 3,863 4.25
Philippines 6,514.02 25.85 22.29 0.48 0.19 706 0.97
Pakistan 4,497.41 68.20 22.05 0.49 0.44 472 0.74
Austria 4278571 12.09 2166 376 0.08 8,358 Al
Morocco 1792 176 19.53 0.56 018 912 157
Finland 37509.16 18.26 16.96 6.21 014 15,246 8.28
Greece 24,202.20 8.80 16.93 212 0.09 5,047 6.03
Israel 30,706.46 7.48 16.53 2.76 0.08 6,604 7.88
Portugal 2574712 6.00 16.38 2.03 0.09 4,663 412
Sweden 42,788.66 34.54 16.30 497 0.09 13,480 3.86
Hungary 23101.32 10.14 14.19 2.31 0.17 3,966 4.08
Argentina 18,795.25 75.33 13.57 202 0.17 3,052 4.48
Switzerland 52,379.73 13.27 13.36 3.06 0.04 7,520 4.61
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8 2012 | 2013 | 2014 | 2015 | 2020 | 2024 | 2027 | W (12~'27,29)
5x}(10) 43 42 = 41 38 29 = 36 (12~'27)
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1990 1995 | 2000 | 2004 | 2010 | 2015 | 2020 | 2010 | 2015 | 2020 | 2010 | 2015 | 2020
S0 89 6.3 49 37 25 19 16 25 19 16 26 21 18
2 0.8 06 04 03 02 0.2 01 02 0.2 01 02 0.2 01
=g 273 276 294 | 287 271 262 | 252 273 272 270 259 | 235 | 224
—43d 79 6.5 6.1 45 37 31 27 37 32 29 36 29 25
—astetay 194 212 233 24.2 234 231 226 236 240 241 223 207 19.9
7|7t A=Al 21 20 26 24 24 23 22 24 22 21 25 25 25
a1 ] 13 1.6 84 93 92 89 85 91 87 83 95 97 96
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HM[1Z= EU Energy Roadmap 2050

(EU Commission for Energy, 2012)

1. EU GllAX] A=l
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32 0F M2 TJE offXI=aH0] GCtn 7P st AbSH FEX| = AMEX|(projection)
Ol SHESICE whath] 2010 3EMEX| AAIE HAO| Mot SHAl= Reference scenariof|
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AXHAOH|LA K| (off—shore wind & solar PV HIS &X} Zi4)
=9l(Drivers) ALEAEO] oISt oflLiR] & 2471A Z7); 0l8 - &8 st ZRIFA|

RI3E 5H2] 2050 OflL{x| 7|% M2k 89



7h Reference Scenario
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ETS Cap, non-ETS ZE2H7} D5 SNEICH(E 3-3) &%), J2iLt 0] 5 AlLl2leas
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71 High Energy Efficiency Scenario

High Energy Efficiency scenario= &2 4&2| Of|LX RS 2445t M3 (Poltical commitment
to very high energy savings)0| 2AEIRUS BRE T2fst ZR2| AlLZ|201 SHESHTE O]
ol sidot= Moo= FXMEL At 7480l st 2ot ZstE &4 2 (minimum
requirements)O|Lt energy utiiies (ZXIAL S)0i| CHEt OILIXIRRF ZXIHE AE(2020E7kK]
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oux|sgoMe] &S 51
7 ADIE2|=E94 ADKE metering S HHMoEX| SHE s
B} 122529 reliabilityS £ + U=E.
= -9—— H —=o-g = T2 T M=
8 EAS T o2 Q| ALK =2 plojey Aio| HI S

Lp crtstEl B27I&(Diversified supply technologies) scenario

2E oYX EESH X|RI4T 210] market-basisOll A AHSICHE 242 HAIZ S AlLI2]
2L}, Eo| MSEl= oflUXILE 27 &2 itk 7St w2t 2=t CCS Yt 25
Oll Chet ol +2M2 7hgsin EAIIZ4S XI=5Pi Eo2M(carbon pricing) HEHA SIS

FIIBTHE ALZI2CE (B 3-6)2 TR 387 I& AlL2| 20 ARBE 7HEE FrIgt Aol

1 FXIRE2 CCS7t LIZIHRSHH J&i= TIXIE 71 7|&02tn B3 US.

2 EXIXIE2 BxtEo| QFEHoll thgt AZIS 71K US.

92 X|&7EST 0lHE I8t ChgtRi= 2050 OilLAX| F2f

(& 3-5) High Energy
Efficiency Scenariodi] 71!
T Lt

XI=: EU Commission,
SEC(201), p. 5

(& 3-6) CIYst 3718
AlLi2|20i FIHE 7P
XI=: EU Commission,
SEC(201N), p.4—5

(F 3-7) RES Scenario0f|lA{

TS HAAEH Bofo)

ik
K= EU Commission,
SEC(201), p. 5

(X 3-8) Delayed CCS
Scenario?| 7}

XI=: EU Commission,
SEC(2011), p. 5

Ch =2 $Fo| xiMofiix| AlLtzI2(High renewable energy sources, RES)
THAOILRIHRES)S et =St X|HSTHE S2IGHH ZIZ0ILIX| AH[0IA RES7 XX[SH
= HIZ0| 27| SOIKIE2 5H= S HA|Z 5t AILIZIRCH High RES AILI2I0fIA EU7ZF A4
et 2H = 2050E7HK| O|LX|AH[2FO| 75%, TEIAALO| 979% 4~==0i| 0|2 St= Zd0]ct ¢
H 3-7)2 RES scenario®ilA| F7HEl 7MY 2 2|E M2{AHZ0I|A RES7t XIX[SH= HISS
90%~100% 77IX| 22|7| flet +~EE Fe2Igt Aok

2t Zlofle] Hid
1 Jz2|=ofe] HEM X ATR PVRt EHS Grid2 HZ7Hssickn 7H
5 a0l X[of| CHSH £H0| SO = UES
EU AIEE S35t
UXMB 20| Aje] HCt 225t Z&"ﬁ”ﬁ—ﬁ\—::_: S eymmo| A2 it
ERES o| HIES T - B
3 | o e e PRS0l RES B #E 27l
S5t 8 AR(S5] JPIRE ojojla=2 et =
2513} distribution leveloll A FIZ{AAL Z71) semTie
DC, OI0|3.2 J2|=, T=AE &A|,
T HIO|OHA R} 7HAMEY IS S5t
o| HHOY XX} Ol AQmig] =2y Z1F
N RS e S wiop7 |55 25}, B2 AES(poumped
storage, CSP, hydrogen), AOE O|E]

2h) CCS2l xIHEl= AlLtz|2(Delayed CCS)

ol Diversified supply technologies AILIZ|2E TCHE RXIGHKIRE CCS7t X|HE 42 7t
ot ALIZ|2LY. O] AlLtz|0| =H CCS= 2040 O|F0|Lt AFB7HSaICH 1 Aot 2
Kol HIE0| 4&5H ==t Ol= 7[&Hstol| 2fst A0| ofLjzt EtATIHO = QlsH 2Kt
ZEEM HIS0| S71317| H20ICh Delayed CCS ALIZIR0M AFSE 712 (E 3-890 &
2|=(0] QUCE

= 2dofef Bt

=

Cost—potential curvesE RIZ2 2 0|S(High Energy Efficiency

Ho|S0lIL} 7Hs -
1| CCS7H20400IRALE ZES | o oot blmste, CoSatat XH=HIR0| B S| M)

2 | HxiEe| Qo chst A= HXIHof ol W2 4FQf 2|A3 =Ze|0|

of) $X1 HIE 24 AlL2I2(Low nuclear)

Diversified supply technologies A|LIZ|22 SAISIKITH I O|Ale| XIZLRAZS Z4MGIX|
2= 22 7S AL2|2CHNo new nuclear besides reactors currently under construction).
HXRLTS CiAISH= 2P0l CCSel 5 E0| =0 K= AuHUXZ | 32% +&)8 71
t A0l sHFSICE ol2fet 712 2ol XIof| Chalf AIRIS2| =24, SRl 12isel &

I EXZ2HE 9| cancellation, 20301 0% RUIKIZLITIO| HE S5|= HHHEICE

ol
oy

>~

Ji
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2) AlZg0|Mof| olZ2El FNI=A o Bl 7 P2 RIX[249] 7|0d0i| CHEH 7 0Tt Delayed CCS2} Diversified supply technologies
ALtE|29| 32 2Xt=e| HIE0| = =0 QUCE primary energyOllA] 2XH=240| XEX[St
= HIEE Delayed CCS2| ZAL 18%, Diversified supply technologies AILIZ|22| AL 15%

AlE2o[Md ahYol M SEXMo = ASE MH=A2 ChSat 2t

S, OILIXIAA FHBHS 95t 107He] TAR] #aH= 2020 Ei= 20305 0IF full effects7t =7rER
LIS Z{o2 7|chEtokn 7pP-5tot,

Zog ofluixiBZel HaiEsIel MBSV Sl FElEl= Ho@ MM AoAx] £
SN, SEASIE Jisein A Io= Sixfel Frol bish M2 BB Jissitine Jt 201M ST LUBENO| LIEHHS HIB] IRt JIAS o o MR
HEiCk ol & oflXIXIKIH S total energy system cost)ol| st EalEl= S=2 G, SHEEE e
T2, XH2HIS, ol et X1 OLRKIESE AZ St BRIE B So[C 05 1Ige
AAZROR THE 20| OfLI2t HSSHs HoR 7HIBiCt o s

(H 3-9= HEA ALIZ|2E M3 mf 2050E7HK[2| EUS| OflL4X|AH 2t 247 tA By

M| Il 7PH2 capital expenditure®| 2453t fuel costse| ZAE FASHH= Z0|Ck 2011 i L ) _ ;
E20| o7 Hot=X|, & SHEMS} ALIZ|2 AlZ2(01Me] 2t Fa[3t Zioict

FRE{ 2050AMIX| RHHOHILAX|0f CHEt EX17F S715HHEM gridol| Chigh F=XMEXH= 1.5-2.2 trilion

Euros +Z0{lA O|R01E 22 7HHSICE. 017 |0f] ZEl=l= HIS2 LTAIMOILt grid, Ated 7h) 24UIA ZA==R B
2 OlIARIALY, e te= HEEAIARO] ChE SXHEITAY 23Y), smart meters, THEX, & HEO| X0 UXP DE SELA S AILIR|Q S0 EUZF XITEH 22| 2= ML A5
Ch &2X0|0 HIZ0| '*2 XtSiof Chst £X}, ofILiX|S Ak8sh= Lietoll chet £t Sol AMIS UsH MG 2UIIA AEEHI HME|E O R BMZIICE

Cf 32 Zat of XA Aol ChEt ErX=2HIE0| JE3]| S71e Aoz ofleEc). of2f8t At

2HIZe| B7h= FrTd MZURE, Mu|A, 24 o8 SHEES| LXl2| 8o 2 3

(& 3-9) HErASH ALIZ|29}

=3} £l
k2 0] 7402 ojALEIC) NE2o} Ziz} Alfel2 oA 2
= = = = = = DA 20| O X|RUtS 445 HAO0| HAIECH
L, 24 HIS0| Sithzls AEE FHMIGH=M|, 2050 SiXi S0fLIXISL0lIM F240]| XIX| High P (A AT 72 0f Chet o ZtahE
5h= HIES2 SiRHQ| 21 36-39%7t B Ao Z OASITt ME4QE Frsl= H2 51t Energy Z|A QUMK YIMALS ZEH5H energy utilitiesOl]
_ _ - - Efficiency CHEH Of|L K&k 2RI A& ADIE J2|=2t
ichito] SIEbA S THEOICE SR} ZRES0IMC] TIRt HIZSO| B7Ial0] wat Fzis 2 0 T e e A e e
2 HLX|R0| 65%7HX| B7tet ZIS 2 MAFMCE T0|X|EE ALZ|I0IMER} 77|
= 5 iversifi E4 x|t ZE7 =0l thst Ms= elg
8557 Ej{g XJD}EO*E 0] EHF_V\AL.E A HPEH‘E‘Q E'E._"AEE2 Irj Diversified >EH
S715h= e TS, BUS| 984 ALI0IY SEREs] 5= 2030 supply > PAXIT CCSO| THE ThEOl 284 7+
TR 57-65%, 2050 771K [= 96-99%Z77HK| TITE A2 TA[str AUCE technologies DEMAIIZS X251 St M SELAS XX
CHI, 7 |71232 2030E71X| B71et £ si2tE Aoz 7FI=IICE DRES EZ SH: 2050E7HK| OflLiX|AH|ZE]
High 75%, TiE el 97%
OIAIY, 7 AR 22| of|X| 2 of X[ ALEol| LSt XIE2 B718t 2o 2 HUEFIRICE, 7t Renewable >RES moH0| SHCHE|=2 EU LR S5
L o= >RES Qlmal #iof X{%t o £9@al: DC, 0jo|22 EUO|
=H20| oL ol olIKIAEE RIESHI=S L 167K | =715t & LAoll= 1504 A energy sl y el
AR 20| ofILiX] L OfLXAE XISHISS 2030 16%7EK| B7+5t & 2050E0]1= 15% 4= S sources 2RI, RESS] Gridolel Access ML, HIOIRUASH | pcy ma
Zoz ZUAs 2o oMEIICE Auzle | (RES) THAUY |2 S5t w0l | 25 S5 HES =g
(pumped storage, CSP, hydrogen) E}tH, AOIE O|E{Z =t

UF B, OLAX 0| THR: BB CHROF=E, primary MK peckE 7|23t
- = >2+2| Diversified supply technologiesE 1tHZ |X| +
2005-0610]| b5 2030E7HX| 16~20%, 2050%7IX| 32~d19% LASHE X2 7PHEIRICY, e YAy ity o

Delayed | XH2HI2S = A7 — 20404 0|% CCS AIE7}S)

OfS tHm, XHMOHX| HIBZES S| B71e 02tz 71E0|c) Sixl B oHX|AH|2 CCs > Znt $IX[E IS AS(7|aHste] Zalst ofLat
o), AZ=O0| KHAHOILAX| HI=S L3 550, 77kK| =718t 740 AMSIOIC) Hi EtATIZO 2 Ol5 X0l ZA={0| =0IX7| IHE)

10% T IHooﬂ -le |6L 2050._ 55%. 7|'X| o7|'E A—E 01|OE|M I' ngh Energy D%X}Eﬁoﬂ EH@' :&% —1‘—%@(9;7; E.|AEL% ';4’7*” 73“—8—)

Efficiency AILIZ|20i|l A= XHABOILAX| HIZ0]| 64%, High Renewable ScenarioOflA= 97%77}

x| Btz Ao 2 UL, >2+o| Diversified supply technologiesS 1tHE RX| +

L O oj&to| X2 U™ 74M QIS +

O}E Himl, EU EEtA AL}2|20M= CCSe| HEH0| OHR S0 CHROZICE |FS A nugl\gar 2030\ 0|F Mo HEES.

= _ > RXIHUTNZ thxlol= TFH0IM CCS EZE &5

Shote AR WXMEE0| 32%, HES| A|LIZ|20|A= YHMEE| 19~24%7} CCSE MES [EEea (EI'EFXI;}M;;; A SE 45
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LD 1x} OlILX|ALSEE

(H 3H02 2} AlLf2|2E 1X} OILX|AEEFS Reference scenario®t Hlwsto] H2lst A
OICL. CPI scenarioOflAl 8.4%, Ol4X|&& AlLI2|20iM 38.5%, Diversified Technology
ScenariodlA| 31%, RES scenario0lA] 35.7%, Delayed CCS scenario®iAl 29.8%, EHi7
ALIE|20|M 35.5% ZAoh= A2 LIEMSICE

(Mtoe) 2020 2030 2050
Reference 1790 1729 1763
Current policy Initiative 1700 1629 1615
% difference to reference —50% _5.8% s
Energy efficiency 1644 1452 1084

% difference to reference —81% _16.0% _385%
Diversified supply technologies 1681 1534 1217

% difference to reference —6.1% _13% _310%
High RES 1679 1510 1134

% difference to reference —6.0% _1079% _35.7%
Delayed CCS 1682 1532 1238

% difference to reference —61% —H.4% _00.8%
Low nuclear 1687 1489 137

% difference to reference —5.8% _13.0% _35.5%

P 1Xt ofiAX|2H|0lIM2] HE HIZ(%)

(E 31N 2 AL2|E 1Xt oK |AHIOIAMS] A=HISS Halst Ao|ch 2050 71E
O = Reference Scenario2} CPI scenario0lAl= SHMAH=RQ! MGo| HIFS0| 713 &2 H]
alf 2EtA AlLZ|20fAl= RiAMoUX|Q] HIZO| 74 =1 11 2o 2 JHAL| HIF0| &2

Aoz HYACY,

@High Energy Efficiency, @Diversified Supply
Technologies, ®High Renewable energy

sources(RES), ®Delayed CCS, @Low Nuclear

(DReference @Current Policy @~@Decarbonisation
Scenario Initiatives scenarios

2005 2030 2050 2030 2050 2030 2050

Solids 175 124 14 120 94 72-91 21-10.2
Qil 371 328 318 341 320 334-34.4 1 14155
Gas 24.4 222 20.4 227 219 234-252 | 186-259
Nuclear 141 4.3 16.7 121 135 84132 26-175

Renewables| 68 184 199 193 233 | 219-256 408596

96 X|&7HsSEt OIS ¢

5t CHstal 2050 OflL{x| 2t

(32! 3-1] BoliLx|AH]

(& 3-10) Reference
scenario CHH| 1X}
OlILIX|AMS

Xt=: EU Commission,
SEC(201), p. 13

[32!3-2] Reference
AlLi2|2L} ek st
AlLE2|0fIM2| Z2dH|S
(EU Fi))

(& 3-11) 1x}
ollix|AH[oilMe] H= HIS
XIZ: EU Commission,
SEC(20M), p. 13

2h) ZIZ oflLix|2H|2| Hat
(02 312 2t ALt2|ed SOURIAHIS Hlmst 202 et AlLf2IR oM Sojuix|

227 I0WHE UASH= 22 U

4
20
(m]

2000 [
1900 [
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1600
1500
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1000 i i " " i i ; ; : . . :
1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

op ZF ofiqX|2AH|0llM Zi240| X[X[sH= HIS

O3 3-2= 2t AlLf2|eE FoHX|AH|0M XM2H0| XX[Ehe HIZS EASH Aoz
Reference scenarioLt CPI scenariotilAl 30% O|2H0f| St 24| HIS0| A AL
L0fM= 35~40%E B7Ioh= AS & 4= ULt

40% @
35% |
30% [

®@

Range for current

25% tfrends scenarios
20% F

15%

2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
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HMI2& EU Energy Roadmap 2050

| M- -

1. 314=0| Clest AN ISt MEAR

EU 3= EU Commission0| M|A[ Energy Roadmap 20502 2 J2I0 =2 3|2i=9| M
X|, BHA Z740) w2t Holst MSRE Mefstn Qlct (13 3-32 ouXx|2=Y MEat
HollM E235IH 124El 0l+0 2} Energy Roadmap2| EXI0| O{E| HIF=71E &2
St Zo|ct.

Issues Choice

Balancing variable solar

_ European electricity grid for transnational balancing
and wind power supply ~

Regional solutions, such as chemical or mechanical storage

o Harmonisation of support instruments at EU level
Deployment of
-

2
TERELEBE ENERY National Instruments linked to interest of domestic industries
__—» Transnational infrastructure for large undersea aquifer storage
3 Development of carbon
U Eme SoEg ™~ National infrastructure mostly with storage under land
__—> European system with charging points for EV—-s/PHEV-s
4 Low—carbon energy for
Teed] lemsea " Filing stations for hydrocarbon, gas and hydrogen
_— Criteria for direct impacts; relatively high resources availability
5 Regulating sustainability
@i PIBAESS "™ Criteria for direct and indirect impacts; relatively low resource availabiity
No significant role; no long—term investments in infrastructure
6 Role of natural gas in
LT U] T Gas as significant destination fuel in combination with biogas
O|E Hrt FHIMC R HAFE= o= (& 3-12)0f F2I=l0] Uk 674 =7t S| MHEES
LXMOH OflHX|§2 A2, CO2—free UM} BomassE 0|28 &M 52 Z%xasl ct
= SSTO0| UAELC] XI0|H0| Lizl= 22 A YTl EZ04E, CCS2t non—C02
E25 W S0l X0IZ HOICt 2Rl 67} SRS olL{X| 2EUS wolsol= 2
OllM S5 mafet Afto| ST 0218t 0l#+2] 0IEHE2 EU 3&2| Energy Roadmap
£ I3kt ofl4XIE2H0l|l A Xt0|E 2HSOJHT) Hint== ORI 9F 2ATHA ZIF0| 7+

98 X|&7bsEl Df2HE ffet Chetal= 2050 OflLfX] T2

Higet 2[E=1o] oiLix| et dret

[3%! 3-3] 27t 7I%F ¥ oflLix]
ECMoflM2]| Of2t el
XI&: PBL (Issues for which
very different choices

are possible, with their
consequences for technical
system integration, market
design and European
coordination.)

(& 3-12) EU &|§=7H
O|&IM: EfEtA SR O| FEHS
FZsh E olRret

ooz M| EZer

XAl=Z: Planbureau voor de
Leeformgeving, Climate and
Energy Roadmaps towards
2050 in North—western
Europe, 2012

[22! 3-4] £ 67i=e|
XHAoflLAX| HIZ(20101H)
XlZ: Eurostat

Hail

03t 04O 1 it 20507HX| 100% MMOILAX| HFIS ZHECH: 2EMS
S22 TOLR] 22| ZHR! Do Me|s) B0 Arfxoz &2 2
ik =0l 2ERS ofL{XIISO| HAsl0l LEOIKIH S0t HolHet=
BISOJSCE HRAH H7|0f= ChA 57| 2020 0f%: OfLiXIAIES 4
YA HL URRUNS TII5HK| LU OJLIXILAA OFEE| B

ro

rx
20 [/ oun

F

u

0 [

F

I Coal/lignite
QOil
Natural gas
Nuclear energy
I renewables

=1 AN .
8 i1z Soigct
oLR[R o oflAX| Energy
7= orxm:' 2ATIA X2 | L2 I+ Ao EEX 0% | Roadmap
=ee 7|gEE =2
H710f| 1= 39 229
Hliot= 1= &9 429 3= 100% RES
oA 229 422] 1= 329 Az
RES
= &2 39 429 =9 529 2R
oo
== 429 329 1= 229 =2 &4
g= 429 122 229 3=
6712 SRE=72| ZSTO|+et 2EMO| H2tX(A| St 7+ AR Q2 XHA|LX| X+

(sources)| SHEHTL HHLTHS 0|k k20| RAOILAX| XH2IH
(a2 3-0)2t (& 3-13), (& 3ol 2zt Halelo] Utk

0|22

ST RN 2 o)
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I
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01 0

0

% of gross inland energy consumption
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72 7 Jof| Hiot= oA = B, &=
LHS S e
(MWH/RIZ) 1 4022 135,68 8128 4911 5216 7110
SHAIZ I R
(MWH/OIE) 2 2315 49051 30.30 2092 144,80 7730
e 9 9-116 98 242 | 1,086—1,12 81,2
(WH/TP) 3 1,097-1107 | 1,109-1164 | 1571798 | 11171242 | 1,086-1124 | 1,018-1,240
U8 EX[HY
(ha/oleh & 015 050 046 0.23 012 0.26
ArHy
(ha/olzh 9 0.28 077 085 044 0.23 0.39
L 0 0 2 o1 00
(MWH/2IZH) 9 .03 0.00 095 0.25 0. .06
EXtchA 7o Hiot= oA = Eli=E=, g=
(UEVNE=2=25] 25% 9% 14% 15% 39% 28%
CCS 0% 1% 5% 2% 6% 9%
XHABOILAX] 16% 45% 12% 29% 35% 34%
Aol 47% 0% 48% 34% 7% 14%
HEQZ MY S 6% 28% 9% 8% 7% 9%
ZOH(HHOIR2) 99 12 980 567 237 358
GDP 1000 £XI24(2009) |  0.30 056 064 0.27 0.44 0.21
EU 3|=7t HMetAZ2| 0|RM2 S2HS AIEES ol U= X7 IPE2| oArEH
ol S D[RS ZM K= #20F OtL|2} 0|R=7101| SEFE 0IF A2 ol&fECE 0[2{8t 0|

F2 EU= EU-wise BtAAIZ! EU-wise grid 80| ZR5tcta o
o| S|A=7t XI0|E THSOH Ef
F&o| xfolo|ct. (& 3-15)= =
3[H=0]| w2t 247 A FHHo| "XWEQP OllqXIFR4o| BSFO| O RIEQI

I>u

THHOLAX| RZ0|M2| RO |LE SR FE1 S
HollAX [=t01| CHal Bl&=2| S
(E 3-16)01 F2I=(0] UCH,

St

2
[
=

100 X&7Ks3tofi=

S
= U012 SR AT QU= ol K |AIEH
I 222 270N AN Qe Mie o

As

o H=E CIE2A

U8t CHStRI= 2050 Of|LAX] 22t

—
==

et UL oflLX| 2=

o 4 Qick

EH =0
= o—

T 24}

2[8t o[t

=)

-

=01 HMHofl 2| xt0| HA| EU CommissionO| HMIA|
2 lof| sHtsiCt =7}

8=

(& 3-13) Z=3e| ExHH
Kol x|

1) EEA, 2009 (EEA Table 6.8).
2) EEA, 2009 (EEA Table 3.5),
3) JRC photovoltaic GIS (http://
rejrc.ec.europa.au/pvgis/)

4) Eurostat, 2009.

5) EurObserv’ ER GIS (http://
www.eurobserv—er.org/)

(E 3-14) Z=22| oL x|z
R&D x5t 2oPE HIS
(2010-11)

XI=Z: IEA, Country RD&D
database; Decisio (2011),
Monitor on publically financed
energy research 2010
[Monitor publiek gefinancierd
energieonderzoek 2010),
Amsterdam

(& 3-15) Z=30| HAl5t
SIXf MBFQI KA =
"""“(CPI)

KI=Z: Planbureau voor de
Leeformgeving, Climate and
Energy Roadmaps towards

EIEIA 3

= a2

2. 0|Lix] EEY FTIo= oldEl= Ht

XA g

2050 in North—western

Europe, 2012

A< renewable energy £

E

Riatel o= oAkt

ST MO AS ol M(mutual interdependencies)0| SHCHE 20 2 GflAM=IC of|

20MS| AESET 2 2l et
7t SitHE A E OflEICE oIEXIAEe] SE2 2ol X =
X7lE =lo| OIMIE|E 2 =25t Zi0|Ct L, F7 [KFSXHEZS)), biomass 7|& Siin} Al
£ 2ol EU RHH2| HES7H UXA0]IAM

ransnational infructure)
12 MISE =M XHAof|L

Electricity

Buildings

Industry

Transport

F: minimum priced green
certificates

F: tax reduction insulation

V: benchmarking for
voluntary agreements with

F: tax reduction for low—

Belgium L/s: certmcates_ (regional) for measures large industry and audits for | emission vehicles
RES and combined heat and e el
power generation(CHP) y
. . F: subsidy programmes
;E;u::gjéigssg%ﬂis e for heat F: energy and CO2 tax F: fuel efficiency determines
o - F: security of supply tax on . 9y . registration tax for new cars
Denmark F: grid tariffs 5 V: energy savings y .
AP ] space heating F: subsidy for clean
L/S: efficiency obligation for | 2. agreements ) h
p F: support programmes for demonstrations projects
energy companies
large—scale heat pumps
F: feed—in tariff
France F: tax exemptions and tax | L/S: heat efficiency L/S: biofuel use in transport
credits for solar boilers and | standards for new buildings 10..5% by 2020
solar PV
F: feed—in tariff
F: support schemes for
investments in offshore wind
parks F: support schemes and
F: RD&D programmes for tax deductions for energy— | F: subsidies for energy—
renewable energy, smart efficient renovations intensive industries
e grid and storage L/S: 1% to 2% energy V: promotion of continuous | V: 1 million electric vehicles
Y L/S: legally binding shares | efficiency in renovation of improvements to efficiency | by 2020
for renewable energy existing buildings standards(top—
L/S: simplification of spatial | L/S: low—energy building runner programme)
planning for renewable obligation
energy
L/S: gradual closing of
nuclear plants up to 2022
F: feed—in premium for b (o V: agreements with industry | L/S: biofuel use in transport
Netherlands renewable Z' s:;eaecth tzls; cztlr(i%n?ttiatives) on energy efficiency 10% by 2020
energy PP V: green deals F: electric vehicles
F: tradable certificates for
large—scale renewable
ene.rgy ; F: climate change levy
L/S: national ¥ ) ’ !
. F: house insulation stimulus . -
carbon price floor > F: conditional
L/S: ‘contracts for programme for low—income energy )
United differences”: long—term E?usrsggl?r;svest it (ol tax for industry ?Eaizcinsgjféngbﬁ o
Kingdom contracts providing stable -9 F: national carbon price P P

revenue for wind

and nuclear energy, and
CCS

L/S: Emissions Performance
Standard for new power
plants

L/S: zero—carbon new
houses by 2016

L/S: white

certificates

floor(2013)
F: renewable heat incentive

cycling infrastructure
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Achieved
2014 2020 2025 2030 2035 2040 2050

% greenhouse gas —270% -80
Climate reduction e —55 5
(vs. 1990) (estimated) —70 oo
% electricity SRR . 40 0 45 50 to 60 o
consumption :
Renewable P 50 €3
energy
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% primary energy
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+2.1% p.a.

doubling of renovation rate : 1% — 2%
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1) REmap sector coverage
does not include all CO2
emissions and CO2
equivalents; see sub—section

"CO2 emission developments”

2) Base year = 2010

3) Due to electrification in end
use sectors, decline in power
demand is reduced but
remains negative,

XI=: BMWi, 2014b; Agora,
2015b; IRENA analysis
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1. IEA2] One Core Scenario
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(2017), Perspectives for the
energy transition: Investment
needs for a low—carbon
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E(Ocean)

E(Wind)

E(Solar)
E(Hydro_Conventional)
Geothermal

Bio

[0 Solar Heat

Solar Vehicle

ARZ0|ME 2014E F7|(RXIZ) 13Mioe(10%), F7((RHED 16Mioe(12%), 17 [(FH71A)
8Mioe(6%), T17 [(E5) 1.8Mtoe(1%), Z7 |EHLE) 0.1Mioe(0.1%), T7 [E2) 0.Mioe(0.1%), T7 |
(RHAY 4=24) 0.2Mtoe(01%), Z171(BHE) 0.03Mtoe(0.03%), F17 () 0.4Mioe(0.3%), Fi7 |(EH
EN 0.7Mtoe(0.5%), Zi7|(H10]2) 0.Mtoe(0.1%), TH7HA 0.4Mtoe(0.3%), S8 21Mtoe(2%), &
22 OMioe(7%), SES IMioe(3%), ZS 2IMtoe(16%), & Mioe(5%), LPG IMtoe(7%), &
IEt 5Mtoe(3%), XIZ 0.1Mtoe(0.1%), HER) 0.Mtoe(0.1%), S(FXH7tA) 1.3Mioe(1%), S(=A|
71A) 0.2Mtoe(0.1%), SHEH SMtoe(d%), EAIZHA 23Mtoe(18%), HIO|2 2.6Mtoe(P%), EAtE
0.03Mtoe(0.02%)E AtESHIC

20500fl= Z7 |(RIXI) 6.8Mtoe(.9%), T17 ((RHE!) 3.5Mtoe(3.6%), 17 |(EHLE) 20.1Mtoe
(20.5%), T17|(Z2) 8.2Moe(8.3%), T17 |(RHA 42) 1.0Mtoe(1.0%), Z171(EH2S) 3.0Mtoe(3.0%),
T7|RSHEN 0.2Mtoe(0.2%), F7|(HIOIR) 11Mtoe(1.2%), FMHTIA  0.3Mtoe(0.3%), &=
0.2Mtoe(0.2%), L7 6.8Mioe6.9%), ST 34Moe3.4%), BR 0.2Moe(0.2%), &
T 16Mtoe(1.6%), LPG 37Mioe(3.8%), XIZ 0.1Mioe(0.1%), FHE 29Mtoe(3.0%), EAIZtA
14.5Mtoe(14.7%), HIO|R 76Mtoe(7.7%), ENZE 6.3Mtoe(6.4%), ENLE XtSX} 6.9Mtoe(7.0%)
£ A8st= A2 LIEFRTE
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AMHEE XIB0||HX| Adl= 20149 5iMtoe0ilA] 2050\ 387Mtoe= 24% ZASIICE At HERE 2B0HX| AH[= 20143 387MtoetA 2050\ 29.4MiceR 24% LAY 4=

2320|2014 Of|X|YE AFRTS F7| 22, 3Mioe(d3.7%), RISI7IA 9.40Mioe(18.5%), A H50| 20143 Of|X | ALRZS H7| 178Mtoed5.9%), HHTIA 127Mtoe@2.8%), A9
8.75Mtoe(17.2%), AE} 8,.34Mioe(16.4%), HIO|2 2. 2Mtoe(d.3%)0Ct, 5.55Mtoe(14.3%), S(SHIHZ) 1.6Mtoe(d.0%), AEH 0.7 Mioe(1.9%), HIO|2 0.3Mtoe(0.7%), E(

= KHAROIILAX]) 0.IMtoe(0.4%)= A L
2050 MAHI XEEO|UX| AHls F7| 24.4Mioe(63%), HHTIA 7IMtoe(18%), AJEL SRS SR el

2.9Mi0e(8%), MR 27Mioe(70%), HIOI2 17Mioe(d%)E MBSt o2 BMEIQICt 2050'H0fli= 77| 13 5Mtoe(d6%), FZH7+A 6.6Mtoe(23%), S(RHA0HILAX]) 63Mtoe(22%) Hio|
2 29 Mtoe(10%)E AIESIA20, O 0|d ARet ME2 712 - ol ARZ=IX] =Lt

60 [32! 6-23] Advanced
Transition Scenario AHEE [ 6-25] Advanced 45
50 EZ0lIAR] 2| Transition Scenario ZI2£2 40
] EZ0jILIX] AH|
=] 35
“ Ha|
3 B Electricity 30
S
= 30 I Coal Bl Electricity S o5
s = oi e ol =
20 N?tural Gas m Coal gu‘jj 20
Il Bio Natural Gas 5
10 I Bio
Bl Heat(FF) 10
Bl Heat(RE)
0 5
2014 2020 2025 2030 2035 2040 2045 2050 0
2014 2020 2025 2030 2035 2040 2045 2050
SEEE 250X AH|= 20144 39.8Mtoe0l| A 2050 30.2MtoeZ 24% ZASICE &5
£29| 2014 O X[ AFREES AL 16 5Mioe(d1%) SI2HS 8.8Mioe(22%), LPG 4.5Mtoe(11%),
S22(Jet Kerosene) 4.4Mtoe(11%), 7 [EF MSMIE(ZESR, Avgas S) 4.0Mtoe(10%), HHTIA
13Mtoe(3%), Z17| 0.2Mtoe(0.4%), HI0|2 01Mioe(0.3%)S AFRSIZCt.
2050H0fl= E2ER 6.7Mitoe(22%), T7| 61Moe(20%), EE$S 3.4Moe(l1%), 7[El M=
1.6Mtoe(5%), HI0|2 3.0Mtoe(10%), LPG 1.4Mioe(d%,), Z1H7 A Mioe@%), AS 0.2Mtoe(1%)
£ A5k Aoz EAME|UCE 485 30]A Solar Vehicle2 20353 AFRE|7| A|RF5H0Y
2050 6.9Moe(23%)= At2E o2 MU=ICE
45 [32! 6-24] Advanced
0 Transition Scenario +&5.2
Z[Sofx]| AH|
35
EH
30 Ha|
8 25 I Electricity
E I Gasoline
-El] 20 [0 Diesel
5 LPG
Bl Jet Kerosene
10 I Natural Gas
5 Il Bio
Il Solar Vehicle
0 Il Other Oil

2014 2020 2025 2030 2035 2040 2045 2050
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L}, wafe 2 WA 9ol s}

O X
ATSOIIA] Lhxf2kn) gedalA sHeh= [T 6260 ZICh WHEEe M5 SAMoZ 0l
20143 480TWhOIlM 2050 512TWhE 2F 7% S7I6IRICE 2014 2E AlA= 24XIZ0|
154TWh(32%), AJEH 198TWh(41%), FH7IA 97TWh(19%), SR(Fuel Oi) 21TWh(4%), =2
6TWh(3.4%), EfZ 2TWh(0.3%), =2 1TWh(0.2%), 512 0.4TWH(0.1%)= A ZIRAC

2050=10fl= ENQEZE 234TWh(46%), =24 95TWh(19%), X1 79TWh(16%), AAEH A3TWh(8%),
SH2F 35TWh(7%), HIO|R 13TWh(3%), 4221 12TWh(2%)E LIEILL 7|& X[ U siadRE

0[Zet 20| E01S1 MR SHo| LHH o= IHHECE
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2014 2020 2025 2030 2035 2040 2045 2050

Ch 247A HHSZ

ATSOIN 2AI7HA HIEZF2 20143 540.6MCO2eq0llAl 2050 169.IMICO2eq= 68.7% 2
ASICE 24714 2FE HIEZ2 2014H LAY 246.0MCO2eq, =& M9.9MICO2eq, U=
174.7MCO2e001lA, 2050 4424 67.3MCO2eq, 4~ 60.IMICOZeq, 1= 41.8MCO2eq 2 2014
A CHH| AT 1787MICO2eq(72.6%), & 59.8MCO2eq(49.9%), ZIE 132.9MCO2eq(76.1%)
7h Aast Je= LIERET 121 24714 HIEER2 20143 121 10.71C02eq0l|A 2050
34tCO2eq2 2 2f 681% LSBT

170 XI&7kst DIHS $I8 CHBtRIR 2050 Oflix| Rt

[32! 6-26] Advanced
Transition Scenario &xi2¢

0E
&

Nuclear
Coal
Natural Gas
Fuel Ol
Solar

Wind

Bio

Hydro
Ocean

[32! 6-27] Advanced
Transition Scenario 2AI7tA
HiE2

Hail

B Industry
[ Transportation
[0 Building

[T2! 6-28] Visionary
Transition Scenario
Z[F0f|X]| AH|

2= Natural Gase City Gas
£ ZBiet iR, oiel H<
Gasoline, Kerosene, Diesel
S ARAIZ0| ZakE JHEY,
Heat(FF)= SRS
ALE310{ L PHolAM
HAERE MME= g
HeatRE)= EfYS, XIES
S THHolIHX| E, Solar
Vehicle2 EfQ2E XtSXL

Hail

Electricity
Natural Gas
Oil

Coal

Bio

Heat(FF)
Heat(RE)
Il Solar Vehicle
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4., Visionary Transition Scenario =41 Za}
7L, ZIB0lLX] AH|
VTSQ| AL ZBNHX| AHl= 20143 129.5Moet|A] 2050 98.4AMice= 24% ZHASITY,
2014 Of K| ARR2E2 MY 52 5Mtoe(d1%), T17| 40.2Mtoe(31%), MHATIA 23 4Mice

(18%), AMEL 91Mioe(7%), B(EMIHZ) 1.6Mioe(1.3%), HIOIR2 2.6Mioe(2%), S(RHALOILAX])
0.Mtoe(0.1%)= AH|3HCE

2050H0l= 7| 73.0Mioe(74%), S(RHAUILIX]) 1iMtoe(11%), HIO|R 76Mioe(8%)0ICt A
Thast MEL MQ S SHIRE 2050001 Tf 01} AHBEIX| 94Tt Solar Vehicels 44
HE20{A 20352 E ALE5H| ARSI 2050 6.9Mtoe(7%)2 EtTE o= MAECE
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VTSQ| 20501 ZIBOILAX| A= 20143 CHH| 3iMioe(24%) 245t 2050 BAU ChH]
76Mtoe (43%) ZABICE ZBOHLAX| AH0IA MHIUHR| HISS F517] 215t01 24t Of|L{X|
21 Tyt Hoil thet S& OlILX[HS BIEEI0 2ABIACE 20148 AT 54.4Moe(d3%), ™
SI7HA 33Mioe(25%), AEH 26Mioe(20%), HIXF 13Mioe(10%), KALOIILIX| AMioe(2.74%)S
AL

20504 ZB0|LAX| AHI= SHAHE H HAES O 0d ALZSIX| 47| w0l AoflLX|
98.4MtoeZ 100% HIEZES XX[oh= A2 EAMSIACEL AMRARI oUXIYE ER= (02
6-30]2t [22! 6-31]0fl +~=5ICk
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[32! 6-29] Visionary
Transition Scenario
Z|Bof|Lix] AHI@ILXRE
HER)

=L

= oil

I Coal

[0 Natural Gas
Nuclear

Il Renewable

i__i BAU

[32! 6-30] Visionary
Transition Scenario
Z|B0f|Lix] AH|@Ix|E

=28

i3
)

Nuclear
Gasoline
Diesel
Kerosene
Jet Kerosene
Residual Fuel Oil
LPG
Avgas
Natural Gas
Coal
Geothermal
Bio
Ocean
Hydro
[ Wind

Solar

FEFME 204 HHILA 33Mioe(25%), SF 2Mioe(2%), FLUR IMioe(7%), EER
AMtoe(3%), AR 2IMioe(16%), B IMioe(7%), LPG IMtoe(7%), A1EH 26Mioe(20%), XIZ
0:Mtoe(0.1%), HI0|2 3Mtoe(2%), EFLOfILAX| 0.2Mtoe(0.1%), SHFOILAX| 0.03Mtoe(0.03%), &
X2 13Mtoe(10%), =2 Mtoe(0.4%), =2 01Mtoe(0.1%)2 ALSSIRLCE.

2050'H0li= X 0.8Mioe(0.1%), HIO|2 9.93Mtoe(9%), ENZ0ILX| 60.30Mtoe(61.3%), SHLOH|
L4X] 9.03Mtoe(9.2%), £ 2.04Mioe(2.1%), B2 17.04Mioe(17.3%)2 AFE5HICE
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£t : Mtoe

VTS AlLt2|20iM SR AH[2H=
20144 129.5MtoediiAM 2050 94.4Mtoe=
24% E0|== A2 = FUSIFLCE ZIS0|HX|
2Hl= AR U EXES O ol ALE5HX|
2271 ut=of| xhedof|lAx| 98.4Mtoe=

100%= XIX[5IH, 247IA HISE=2

2014'3 thH| 94% ZAsICt,
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AR20ME 2014 Z7IRIRIE) 1BMioe(10%), T17 ((FSE 16Mioe(12%), &7 [(FH7IA) MAHRE ZB0|HX| A= 2014 5iMtoedil A 2050 387MtoeZ 24% HASICE AHR

8Mtoe(6%), X7 [(EZL) 1.8Mtoe(1%), 17 |EHLZ) 0.1Mtoe(0.1%), 7 |(E21) 0.1Mtoe(0.1%), X17| 29| 20144 Of|HX|YE ARRZS F7| 22.3Mioe(d37%), MSITIA 940Mioe(18.5%), A
(RHAE 2:21) 0.2Mioe(0.1%), 217 |(EHY) 0.03Mtoe(0.03%), T71(4) 0.4Mioe(0.3%), T7|(FH 8.8Mtoe(17.2%), A1E+ 8 3Mitoe(16.4%), HIO|L. 2. 2Mtoe(4.3%)0 |k,

Ef) 0.7Mioe(0.5%), Z17[(HI0]2) 0Mtoe(0.1%), HATIA 0.4Moe(0.3%), S5 2.1Mioe2%), &
22 IMtoe(7%), EIBS IMioe3%), HS 2IMioe(16%), S5 7Mioe(5%), LPG IMioe(7%), &
HEF 5Mtoe(3%), XIZ 0.Mtoe(0.1%), BESR) 0.1Mioe(0.1%), SEHTIA) 1.3Mioe(1%), B(= Al
71A) 0.2Mtoe(0.1%), FHE SMtoe(d%), EAIZHA 23Mioe(18%), HIOIR 2.6Mtoe(?%), ERtS
0.03Mtoe(0.02%)= ARSIt

2050 MALE ZIBOIHX| AHl= 7| 371Mioe(96%), HIOIR 1.7Mioe(d%)E At83t= A

O SAEIQICt At} MR I HRAL Cf 0fA AHBSIX| 4t

[32! 6-32] Visionary
Transition Scenario A{HE2
. S - R Z|So0i x| AH|
20500l= TA7IENFE) 426Mioeld3%), T7I(EZ) 170Mioe(l7%). 7| 2

2.0Mtoe(2%), T17|(6H) 9.0Mtoe(9%), T17|(HI0|2) 2.3Mtoe(?%), X|Z 0.1Mtoe(0.1%), HIO|2 |

76Mtoe(8%), EiFE 10.8Mtoe(11%), ENFZ XHSAt 6.9Mioe(7.0%)= ARSI,

I Electricity ,8
B Coal =
200 [22! 6-31] Visionary == ail &
180 Transition Scenario Natural Gas
EIS0ILAX] 2H|OILIX|2E Bl Bio
160 Am=)
140
|
8 120
= 100 B E(Nuclear) 2014 2020 2025 2030 2035 2040 2045 2050
oF I E(Hydro_Pumping_Up)
8o :
[ Gasoline
60 B Diesel S48 FZ0|HX| AHl= ATSS} ORIZIX|Z 20144 39.8MtoelilA 20505 30.2Mtoe
© | = erosene 2 o4 ZABICL +4220| 20U KXY ST FR 165Moed) TR
20 H(Residual Fuel Oil) 8.8Mtoe(22%), LPG 4.5Mtoe(11%), BtE5(Jet Kerosene) 4.4Mioe(11%), 7 [EH MSHIZ(ESR,
. Bl E(Residual Fuel Oil) Avgas S) 4Mioe(10%), RIH7IA 1.3Mioe(3%), T7| 0.2Mtoe(0.4%), HIO|2 0.1Mioe(0.3%)=
2014 2020 2005 2030 2035 2040 A Angy ) RestlEl el ol AP
- ﬁ?ﬁ:iral - 20505301l F7 [XFSX} BHAto 2 QI5104 27| 20.3Mi0e(67%), HIOI2 30Mioe(10%)= AL
I E(Natural Gas) Sict +EE20{M Solar Vehicle2 20354 AFZE|7| ARSI 20504 6.9Mioe(23%)S At
I H(City Gas) 251%ct
I Natural Gas
City Gas
I E(Coal Bituminous) [ 6-33] Visionary 45
B E(Coal Anthracite) Transition Scenario +&522
[0 Coal Bituminous Z|Z0jLX| AH|
Coal Anthracite
B E(Bo) |
I E(Ocean)
Bl E(Wind) B Electricity 3
Bl E(Solar) B Gasoline =
I E(Hydro_Conventional) 9 Diesel 9;_5
[ Geothermal LPG
Bio Bl Jet Kerosene
[0 Solar Heat I Natural Gas
Solar Vehicle Bl Bio
i1 BAU Il Solar Vehicle
Il Other Ol

2014 2020 2025 2030 2035 2040 2045 2050
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HERE FF0H|HX| AH= ATSQ} OFEIZIX|Z 2014 38 7Mioe0lA 2050 29 AMice2
24% LASINCE, ASHEO| 20143 Of|AXIRE ALSRE2 T7| 178Mioeld5.9%), HFH7tA
127Mtoe(32.8%), A% 5.55Mtoe(14.3%), S(EHIAZ) 16Moed.0%), AEt 07 Mioe(1.9%), Ht
0|2 0.3Mtoe(0.7%), BRHAOIILAXI) 0.1Mtoe(0.4%)S ALSSIAICE

2050'H0{= 77| 15.6Mioe(53%), SRHAILAX]) 1iMioe(37%), HIOI2 2.9Mioe(10%)S AFZ5t
A =i, o ol HATA, M7, MEL S SHMAEE 2713 o - Ho| MEE(X| h=rt

45
40
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30

£t| : Mtoe
N
s}

2014 2020 2025 2030 2035 2040 2045 2050

VTSSOl mzkn} SMOIA HaH= [12] 6-35]2F ZIT) YN T2i5l2 Ql510] 2014
487TWhOi|A] 205013 850TWhE 45% S7F5tTt 2014 WA alA= 2IX[2] 154TWh(32%),
AEF198TWh(41%), Z1%17EA 97TWh(20%), Z(Fuel Oi) 21TWh(4%), =24 6TWh(3.4%), EH¥
2 2TWh(0.3%), Z2 1TTWh(0.2%), 81 0.4TWh(01%)2 A |ICt

20500f= ENQFE 495TWh(58%), E3 198TWh(23%), 8HF 105TWh(12%), HIOIR
27TWh(3%), =3 24TWh(3%)Z 7| MATIA, JXI, SIMARES 0188 UTATIL 7tS &
T =7, MAUXIE 85 W Y= RHEt

176 X27HsBt Dl2HS 9I3t ChBtRIE 2050 Ofl4x| Rt

[3&! 6-34] Visionary
Transition Scenario ZIESE
Z[Z0jlLix] AH|

el

I Electricity

= Oil

[ Coal
Natural Gas

I Bio

Bl Heat(FF)

Bl Heat(RE)

[32! 6-35] Visionary
Transition Scenario ‘izt

0E
o

Nuclear
Coal
Natural Gas
Fuel Oil
Solar

Wind

Bio

Hydro
Ocean

[32! 6-36] Visionary
Transition Scenario 2417tA
HHE2

Hail

I Industry
I Transportation
[ Building

900
800
700
600
500
400

TRl - TWh

300

200
100

2014 2020 2025 2030 2035 2040 2045 2050

C}. 247tA S

VTSOIN 2AI7IA HIEZES 20145 540.6MICO2eq0llA] 2050 32 2MICO2eqE 94.0% 2t
ASICE 247IA E2H HIEZFR 20143 At 246.0MICO2eq, & M9.9MICO2eq, IS
174 7MCO2eq0il M, 20501 At 7.3MCO2eq, £4 12.6MCO2eq, 742 12.3MCO2eqE 2014
L4 CHH| AMY 238 7MCO2eq(97.0%), £4 117.3MCO2eq(89.5%), TAE 162.4MICO2eq(93%)
7} ZAGHE AOE LIEHGCE 1912k 2AI7EA HIEZES 20145 1212 10.71C0O2eq0ilA] 2050
4 0.6tCO2eq2 2 93.9% ZABITY,
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5. AlLI2|20]| w2 A= H'E H|S He}

2 ALE|20] M2 A2 HIE 30|15 22%stH (H 6-4)2F ZCt BAUOIA= 2014 T
H| 2050 ZHAOILAX|7H 120% B7t6t0d ORI 7H2H| 71 =& B7keS EXict 12
L} Ejzro 2= 20144 CHH| 2F 3vitoe H= Z7Fst 4O 2 LIEK} 20501 EB0H|L{X| AH|
9| 4%01| EntSIRCE SHRH2| OfLAX| AH[FZEIF FAIECHH H7 RO 2 MHMOjLX| HIS &
Che 2RO $H7t US ZHoE HOICE RMOUX| CHEo = X, MATIA Me &

o2 Z7H80| 2 22 L 4 Uk

MTSOIM= 242HeE =2 22| FRlup TRl HAE 3l stMAZ O] AH| =S T

]
@
[d

ATt ofof| w2t BAUOH AlLf2|<0i HisH MHoiIX| S& HIS0| 2 =22 S7IRIct 250
LXI0IA] XHAOIAX = 2030 16.4%, 2050 44.7%E AX[st= A2 LIEIGTE 7IEH

Q12014 THHOILX]| HISO] 2.5%01 =i 2t CHZREICE 2HH 2014 ChH| MEEAH|
= UASI0] 2030 -22.8%, 2050 -717%2 71 Zien, I ChESe=2 MR, X, ®

—
=
A7tA o= UAS0| ZUCh

ATS2} VTSE MTSO]| HIsH 20t M=l £ #2IS JFY6In 7| 20| 42 HAE0]
O 3L} ATSE a0l MA7IA HIS 4 S MTS 2ot & O ZetE xidodx| 3
2 ALZ|2E BHESIA T RolX] AH7HE Eo= S7I8 7120 ZB0UX0A Xt
Xlsh= HIZO0| 2030 17.2%, 2050 55.2%2 CHE S7I5ICE O|2k= Ea| ME MQ 24Xt

2 FOUIAL 2F 3 2o ZASITt

VTS= BAURL 71 3| ChH|=l= AL 2 2050 100% ALK AEIE A&t
T w2bA ZH0IIX| AH| E7FE0]| CHE AlLt2|01 HisH 7+ 2 2S & 4= e
o ez A HAE LRl ARREX] S4=Ct

o]
3]

i}
S

20304 20504
20144

BAU | MTS | ATS | VIS | BAU | MTS | ATS | VTS
o 54.4 607 449 420 36. 69.2 240 159 .
T | (420%) | (40.4%) | (34.3%) | (34.3%) | 5(297%) | (39.8%) | (19.9%) | (16.2%)
soppa | 330 352 338 288 233 432 285 14.8 .
ST (255%) | (23.4%) | (25.8%) | (23.4%) | (19.0%) | (24.8%) | (237%) | (15.0%)
. 257 318 198 197 170 297 73 66 0
TS| (198%) | (21.2%) | (151%) | (16.0%) | (139%) | (i71%) | 60%) | 6.7%)
oixe 133 181 1.1 111 6.1 250 6.8 6.8 0
ST 103%) | (121%) | 84%) | 91%) | 65%) | (4.4%) | (657%) | 6.9%)
RHAY 32 44 215 211 50.3 70 539 543 984
Oflfx] | (25%) | (29%) | (16.4%) | (172%) | (309%) | (4.0%) | (447%) | (55.2%) | (100%)
2= | 1295 | 1503 | 1311 1227 | 1227 | 1742 | 1204 | 984 | 984
S5 | (100%) | (100%) | (100%) | (100%) | (100%) | (100%) | (100%) | (100%) | (100%)

el Rt toe, ()= APIE HIZ

178 Xi27HSE DS I3t Btz 2050 offx| Rt

(& 6-4) A2 A=
i3t 0]
) ZB0AR| AH| 7|1

M2& ALE|E Hlw 24

oM 2 A2 201 M2t 2050 L2|Lt2t XS0l X| AHE o] S5 2ATHO
E| HalE AVIE HESIRT, Olof| WE 2471A HIEE Hale MHET) Znfxo
Z BAU2} H|WSIO] CHRH ALI2|RS2| AL ZIB0l|HX| AH|Z0| Zastn, MELX| S
= HIE0| B7I5iH, 2471A HIEZE2 ZABITH= 0Tt 0[2{3 Halof e AtelZAX

Bl Boiol7f?

[l

THHOLAX| BITHES Sof o] Tt Hel2 7|=Het 2r=tof 2t ZetelX| gh=rf Lo K|
Atg|22| TEh2 OflLfX| S5 LA 0| KBS Safl oA AEES W01 2L ofLXIRF
BE Slotn, MY |4E St M=2 g8 St UX2| ZE0l 7|0i5HH, HX={at A
Bt 20| of7[oh= AlElA HIZS2RE 7HISIT QEE! OUX| AlARS 7&E S

Alol, 24714 252 S5 # MERoR Tofsts AL E 4 ot

ZE HX | DRE MA 1912 X LA = 22 X5 S4Se XIRIo ME A2l
1} GE0] YHE7IES Z8tet ZMIQoil thgh 2-140| FHX|HAM =2t0] S0l =0 UCk A
Efela] LAt ARXIZRE Y= 0|MHX| 2 =0|MHX| 5522 S7t= ai2iet Al=]
ZHZ Bdsiien, 0|2 5t 71 A FH| misiiRs A2 GS HE A2 HYsn
ATt O] HojA= 2t ALIZIQE R ofd=l= AfelX TS ofuX| 22, 18, 24, 24714

Y53 71Z0= HYNOR Wi Hux} BTk,

>

THSOILAR]| SIS St Ofl4x| TS

XieSoflAx| Atel22] Hel2 =il oIX|2tES

7 |0dstH, Thste QFHst of|L x|

S0k A7 |78 4 ICk

M6 Z7| olHx] ALz 24 5 T2 179



1. ol x| 2t Z=}

Oll4X] 2t JHEo| Ioll= oK XEEL S5 e St 22 S5 S0l Zet=ll
oLt xZolk= ST olLX| AEe| HEelieh 0|2 R THM= CHet RQ01SS e

o
Tafsot Stoh= ZAK0| &7 |2l A0 |CHHippel et al, 2011), cr ETI0l|A] ol x| kol
tieh olliX| 35 &M & o2t ZAld, 712 2284, AlRlA, &M 8 7lsd 82 =
Shol] CIRFEMO 2 IWolstn Q= AHE &Rlst &~ °'I:}(H|ppel et al., 2011; Sovacool et al.,

2011; Yao and Chang, 2014; ZZE 2|, 2014; Tongsopit et al., 2016).

Olf3t ZOIA S2LI2t oK Ohet £FS Mzt Sl Y
o HISO0| 2 MBI S22t ollL{x| 42 oEE
B 47T HE HIS0 chet HEISH W B
9

nre %ﬁ_})klklg H_éf_ﬂ OI|:|._
|Gt OJMHX|E Z&h6t 7 |2Eo 2 4% Ot T 2

7|E SS0iME ouxiRte 20| 5 SHE Wtet=tl A0 S5 Y, £ 9
Ez, ofluiX] YA ClM, HF 3 M HIZ S2 XIHE 28511 CHHippel et al,
Sovacool et al., 2011; Yao and Chang, 2014; Tongsopit et al, 2016). 0[2{5t 7|=E2 E‘7‘|§
HIteH £ mi BAUOH HIsH CHRE OILX] ALI2|2E2 OfiLiX] S=r2l0] Chbsi, T ofifX|

=
Hofl Tt elE=7t oA HofX|= S, HEER! X[ ~F0| B7ists As =iy
Ab

4 QT 2] OIEETt 2 StMtiR ZFHIS0| LAshs B, Lol it 715E
ofXIo] EH|Z0| eS| =O0IKl= 2 EoIE 4 QU
) —
100% 00%
90%
80% 6%
70% |-
60% 58% 55%
0% T e 36%
B | 31% ’ 299% 45%
30% |- - 42%
) 20% i
20% ) 16% b
11% 1% et 24%
10% |- 7 Z b
" [ 2.46% o 3% am  830%  8e0% 382%  40%%
0% :

2014 2020 2025 2030 2035 2040 2045 2050

180 X[A&7+sSH D[HS LISt ChStRI=2 2050 Of|L{X]| T2

[T2! 6-37] AlLi2I2¥
XHollAx| HIZ 20|

Hail

Visionary

Advanced

Moderate
—— BAU

2. M5k st of|Li x|

2016 WHEl OECD E Ao [mEH, 20104 1 7t Ch7 |@E o2 QIst La|Ltat ZJ|AL
YKt = 2F 170000 SUISIFOM, 31 M=o Chsh EEs Hapt gig 72 20600
7 |AIXE 427} 3817 12F 715104 2F 54,0000 EHat 2o 2 MUSICE Eot th7 |2
O QIst Z7AMAURRE, =5 ZiA o 4 HoHETAAESDALY) SS E&st Fx
AA2 2060 GDPO| 0.63%= XIX[&HC2M OECD =27t & 71 =2 Z0l2k Zust

CHOECD, 2016).

02 rr
o

2

DIMIBIRIS S22 0H AZESH ASIR] 042 SAISIICE 27 BIts] LASHE SRR 5
2 20| 2ot B

Hr -
rlo

19

=
r

H

o
o, DIAEIXI} Z0IMIX] 2R Aol 27g0]
0|1 Itk 2 2011t 53 S 39| 2010] 2O IS 0/%m UOL, 3Hel 29I
S 27 K015 | BIE ABOICE SIXIBH BUH LIPS MEHSI WA B4, S

Rt It 22 XAl =22 Sall 7hMo| 7HsEH £=0lCt,

40 Trlo M

MTSS} ATS AlLI2|22] Z4R 2050 0|F WMEZ|M 7|22 87|, 25t 5122 4777t
A =, M 24, 2iE BROMQ| SHMAHR 0|82 60%= EX| P HeZ LIEKGTE O]
MIHX|e| = HH%%O_I A AR0| AH| ZAT} OJMTHX| HHEZF A2 O|0{X|H, Zatd

>
on

O 742t hM, 8191 B S CosEt HoIS JpNQA| Ik Z7 AR U HIZHI 24

T} ZtS RIFFO| TO| Qoj|E L L =1 AR SFAIT 2+ 7HRZO| THOIS 0| ERYBIC

IESHVTS ALIZ|20f| A= 20501 AJE r§.|":5. LTI} 2F JHS SEEN, ARAHGA| O 0]
A AR 200, THMOLIXIZ © B0/ 100% AX[517| th20ll i 24 0]

Ls—

fu
ro
r9£
i
ﬁ

MIHA|= HE ZASHAH| T

Z% KU WA 015 HIRfRIA 0| QRSO ThEt 27t HRIT Uk 5] KIZ) LA K[
I IR 942 H S/} HA 71 Uch FOISO| 247} Sk MTSS ATS Alt|7t Al
BIE| Z2 205041 015 RIS BIRHl 247[01M 8717} Al B, Ol ARTS &
Tols =% 2ROl 7152 FAH BERICHS 22 oDleich 5] VTS, 5 100 RE Azl
7} AIBIEICIE BRY WO ARREIT Qs HAS 20504 018 25 745 STHES ojnlsict

M6 27| OflLiR| A2 24 2 Hat 181



3. AHE—S— ’é:!’é St °'IfEI

N W
m R
o B
fs
2 g
-IIZI
|
|
O
'9
ir
<)
_>.:
i
)
%
o
[
)
=}
.|
<3
)
Hu
9,_
>- 1

S

o

8

4>

o Joi

[HAX] CrAHIR X1I£‘é1 %’.E'QI f,\_rg,*-—,moﬂ)d oLt
0| —'?'—Z.*EI UCL 2D MOIM HMAIRE ALl SHEE ffel FEl6HoF 2 FAH &
OlUX| 22 AHTETF HSISIT, ool w2t 22 RIPIX| FE JI8et 18 Sivh &

O] 2ot F2 T SHE2ZA $é>3f At (32! 6-38J0ilM £X0], 2016
71E H MARSEZ RHY UXI2|7t FEEUCH, 0 F LD Y
O|20{|AX| ool 71 2 ?E'XPEIH M7l A2 LIEFHTHIRENA, 2017). f2|Li2h=
2016E= 7|Z oK 20k S B M= - 2301M 71 B2 8700702 LXi2|7t &

EE No= TI=IH, e ZHMOIIX] 2 eXt2] o= 6,6307H01 Eohs Az FFEICL

).
2
i
=l
=l
[
o
o
=
J
=
I_O

o 090000000000 000 3,095
@ e 0000000000000 1724
o 0000000000 1519
@ o 0000000 1155
: e 0000500 828

@ W723
@ masss
ﬂzn
Mmz

.@23

0 5(;0 1.0‘00 1,5‘00 2.0‘00 2.5‘00 3,c;oo 3,;00

182 XI&7HsStORIS I3t ChEHI= 2050 Oflfx] 2t

[T 6-38] 2016 =
Teouix| 22 Uxi2|
X2 1 IRENA

el

Solar Photovoltaic
Liquid Biofuels
Hydropower(Large)
Wind Energy

Solar Heating/Cooling
Solid Biomass
Biogas
Hydropower(Small)
Geothermal Energy
CSP

(12 6-39] AlLfElRE
7IEHE cii(20144)
2utA 25y

el

—— BAU

~#- Moderate
Advanced
Visionary

(& 6-5) AlL{z|E It

o Y
+ o3y
+H+ 33
2ot 3

4, 2A7IA UZ

20154 128 il M2 £ et=2 ME2 80l 2Tl UCE F2, 71, S, ARk
OlME M7 IZAH| SHoilM2] 2a7tA ZE OflS 218 =2l FFsin Al 01§ S5
ofetistt f =71 RHEOIM MES | T3S Set AelA Helo| Sohvt 7 |HEict LA
9| 22 2 B0 Mol FAlet CHRE A2 27} ABECHH olUX| 25 %*;} H ZHoiAx|
EE %EH LAY =N B §235 5SS St MER A 7818 s AP IPHE A
Olct YRE= AHIXL 71Y S 7411|—.—K1I°I QA M, et R SS %3H Eletd ol
Tt AL, 24714 XM27|E 2dstol 710E 4 UEE REshof Bitt 24249] ofLX| 2

AlLt2|2= THAOILX] Atel2 oftistzi= 22| Al2l2| Bt QXIS 2oECiy 2 Zd0|ct,

MTSE 2014 2471A HIEE 540.6MCO2eq0llA 2050 264.7MICO2eq2 = 51.0% 2=

S| |11, Ol= 2050 BAU LHH| 587% H== 2I0[BICh ATSOIA 247tA HHEZE2 2014

H 540.6MICO2eq0ilM 2050 169.7MCO2eq2 68.7% &S, 2050 BAU CHH[73.6%

7*"E|°*E} VTSOlAM= 20143 540.6MICO2eq0ll A 20501 32.2MICO2eq2 2 94% L=k
10, 0= 2050'H BAU CHH| 95% Zi=01| EFetCh

140%
120% s e I R
103% 6%
100% 102 6%
90%
83%

91% 86%
80%

80%

60%
49%

55%

40% - 45%
40%

20% - 24%

31%

6%
0% T
2014 2020 2025 2030 2035 2040 2045 2050

2050
=
BAU MTS ATS VTS
OflL4X]| ot 0 + ++ +++
M2 ME S0t
oz 0 + ++ ++
ORstT TRt

+ + +++

olL4x| 0
SATIA 2 0 + ++ +H

HEE 7| ouiX] A2l 24 2 &gk 183



5. HIE =

= H0IM= BAUS HZaltstod 37HO] Thet ofiX| AlLf2| 20 e A2 HIgS
all IEAQRO)7} MIAISH Z7HE UHAE HIZ XIZE OIZ3INCE Ol ZHXeZ

= X=E HELCEZM HIE F| 2FHollM ARBE=E 7I=S7(0ll chet =2tS =&
RAOICt HIZ FA Al 7|12 | A R2HIE2 &8 7hMHIE, EXOiHIE,

7] A i HHHIZ S2 SSHdS U5 MRSINIC HI Ec 2 WHER
S0 SHE=l= XA2FEAHIE 2RAHIE, olHX] SS2 flol +RIzl= A7
2hs, HA7tAC| HE4UHISS Haloiitt IHMC R MEx|= 2AVtA HiS
glet BHH, stMiz ARZO0| 0P [oh= OIMITHX| Lredofl ME ARl HIZ2 254
SI0] HIQISIRACt 2E HIS2 UES floll TURIE AHESIX| ¢4 = A2

20143 HIZS HIHsICE

Al

i
_O'I_l
A
=Y

r
OH
r=
B
30

tonr
o1
ol
ol
-

2l

wEA

lo
0 o
r
=

o oo Jx
o I
] 40 &

hPoox &
|__|I'
]

> 1l
ikl
ro

S5 T BAI ARSI QUi ARSI 8101801 55% & $XI12 HE5H

PS
o
O} EAS 2712 B2 RSPt SEEIRI QFEDl 25 ANBSES 715 242 3% &

3% MBI §RI8 2 A7 IRIEISH & FAHIR(2014~2050)2 BAU 31527 &, MTS 3044
= ¢, ATS2,804% #, VTS 341X Rlo2 FHEIRICY BAU 7|& AlLt2|29t H|mSt mf MTS
96.6%, ATS 89.0%, VTS 996% +E2Z LIEFTE? 3% A2l &olE ME Al ALzl
g FH HIZ 24 2t XI&7ESS OIS I8t olUX] Z2F ALI2|291 MTS, ATS, VTSE
BAUSt Hwet f £ A2 HIZ0| O W2 o= FAZIACL THMOIAR] U |EXH|7t 7t
Y H0| A2ck= VISO| ZR0= W2 AzrUHIS 3 2HEoRHIZ 0t MHHEC 2 BAU
HOH & SX HIS0| XY W2 22 LIEKTE

[

5.5% AISIE S0IS2 SR IX|518 & SAHIR(2014~20504)2 BAU 21798, MTS 2157
X2 ATS 202358, VTS 22535902 ZAE(QIC} BAU 7|E AlLIZ|@9} HImE! I MTS
99.0%, ATS 92.8%, VTS 1034% $ZO2 LIEFITY, Of|LX| 2F A|LI2|291 MTS, ATSE=
7|& BAUR H|wE I AL HIE0| O R A2 FAIRUCEL SHH VTSS| 4 ALIEIRS
7120 AQHIS0| 7Ha B2 o2 FA|ZRX|ZE BAURt H|wE [ 1 X{0|= I X| LUt
Ol= 7= Z=2t H|wEt il 100% AHAOILAX| of x| T&to]| 2t 22| Als7t F7Hxo = Zt
FolioF & HIg 27t J2| IX| g o USS AIAFSIC

25 2 2uMoiME ALl 8 Y IHES A LE BUMES 7IRXIE 2 S350l YT HI £ IEA (2015)
7t AFC2RE NSO LHSH +XIS OISSIACE S= A LHS Z3l60] I LA 2H0| AQxl= Hot
HEtotn ZQIS HIE APH0| TRSICE KEI(2013) B A0l Liot Ql= HISXIZE 0188 42 Z AlLf2|E HIg &
A Zapt eebd 4 Qloh 22 2H7E £l U= OIMIEX] Lo T2 AlEiA I S, EC MZIA0| 1 LS Ly
EHIE 7| A7t 2R3t

184 XI&7HSEt OIS Y15t CiEt2I= 2050 of|-{X| T2f

(¥ 6-6) AlLl2|2 Fat
S0 I £X HIg(2014
~2050k)

) Biol|e: EY
250004/tC0O2 =& (Mi7xt
TSR &)

2) OlLiX| B2

Ol XISAHHE(2015)2]

2014\ Of|LAX| it
TUHS HIECOE U U

ARSI Er,

[ 6-40] AlLI2| 2 Z2ko|
2 =5 HIE (3% Alel®

R
28AHIS
ExtHlg

[O2! 6-41] AlLf2|2E Tizkol|
M2 5 HIZ (5.5% AlelX

|
|
mn 2ERAHE
Bl E=XHE

T ABIA gelg 3% X Al Af8I= 1018 55% &S Al
2 BAU MTS ATS VTS BAU MTS ATS VTS
EXHIE 62 376 354 8t 37 226 213 489
2Y[XAHIE | 106 279 324 551 73 187 220 369
G=4eHI2 | 2644 | 2132 | 1889 | 1563 | 1828 | 1553 1410 1230
BIAQIRHIS | 340 257 238 213 24 191 180 166
& 3152 | 3044 | 2804 | 34 2179 2157 | 2023 | 2253
el x ®
3500 -
3000
2500 -
&Tj 2000
% 1500

SORES

100

500

2500

2000

1500

1000

500

BAU

BAU

MTS

MTS

ATS

ATS

M6 =71 x| Azl &

VTS

VTS

Aol xgt 185

= To



© National Ge:

ographic Stock/Ja:

son Edwards/WWF

o dl'l
e AN

s

"q.E'F
0

?'\
i

Favol sy

LY
=7 Vi

I

AR |

W

ﬁ&..ﬁ“

s -

5 2B S
ﬂ\_/ e En/ﬁ»#&&?v

AR R TN GRS v S

A .,1&_5‘ % WQ

——




2 5O HIAIS 2050L07HRI2] OflL{X] Zi2f AILIZIS S Zaks SR P2|Lfzt ol
| #3820 00 Sket Wiy} BRsICI 28 ANECL B P2LRIS viet 2N

T2 K| 27HS0] blsh =2 OflLAX] Ab| 252 SIS Y20, 0/ It ofluix] B

(5 cii St iRl ik Sl AHOK], Kol Ape) SA9|

B, LX) 52 S, THMOILIKIS Tae 2SI OuiX] B3 U SIS T 5 2

SoflAfo] Ofl1x] TfeiCte) Fgto| RTEICH Of7 A ofluix] 220k

RI2 F7|23RI= JHE D AHSOIAR] SThERS 212t RIAfskAt sict

£Q Q1 ZE=MHO| shAl MaHu|

T2 MTS ATS VTS
= |23 SMsHEZ 20| M2 AN HIS 2iF)
°° THAOILAR| 47 | 2FR| AA|
o Fat=gv[EPNE=2=3
=S - 4 ofIX|EE T 371X M
S oIl B iHmH o] g 2
ALlzled | ZIEZR 23S 2 ) = i
olmal 3% SEEE AEXE =T EfUE Xt
=S 7|avhe o e Sty
AR R 25t HE Sirh
e RPS 8! FIT Steh 44| i
== i THAHOlILAX| R&D A} STy 2 Qlmat 1=
o
S
= EfQIZ 2l =2 B ol =& AT 72|=0k
AlLtlo ot 2 2 e 3l 821 #H J2|=g
22 F7 HEAY =2l =

QalLlzks HIEQ A0 5

2| ofix]| ¥

Uiy

Z2EH ofux| S5 % =il 7

>

7

oln

188 XI27HSE! DIEHS I3t CHEIDISE 2050 OfLAX| F2f

(BE7-) ALIRIE S8

Y2 2l F2 2|

4xH
o =1,

(& 7-1-1) OECD =

T2 AH[2F 1 (2010)

At=: Hp¢(2013),
ZVZR|A| SXRI=Dt FHAROr

30 AP,

(B 7-1-2) 7172 T7| A
A= SFT=TAL ALO|HAIE
(cyberkepco.co.kr)

M2 7= M=ol izt

1. L2|Lj2e] M2AH| si&t

A1 R
fa|Ltzte] M THAHRE2 CHE OECD =750l HIsto iR =2 HO|Ck (& 71—
OlM 2= Hiet Z0|, 121E MAS T2 AHZER2 0[50(L YELC O &2 +&F2 |AlsH
1 Aen, OECD Ewto| of 24l 4-F0|Ct. Of= 2|2 ZHMlol|lA HMZH0| XX [Sh= HISO|

=

o, I SoMT St 32| HIS0| £35| &Ct= ol 7[2lstct,

Aeig Fizy ZEHS T

a9 AHRE | BH=2 o] 29 TRIAHRE | B2 o]

=T (kwh/21) HH4(eH) = (kwh/2l) HH4(eH)
st 7 4617 1.0 27 1,240 1.0
U= 15 2605 06 9 2384 19
o= 12 2,843 06 2 4674 38
pi=lN 23 1,866 04 8 2,582 21
I 25 1,703 04 14 1935 16
OECD T+ = 2,445 05 = 2,448 20

L2t FERE MHAH[ZES CHE OECD =7te] At £+Z0|Ct. 0l= OECD =750 HIsH

T7|2CH= THALE ME, MEME 22 CHE ZB0HXIS B0| M= AH| 120 T2 Z0[Ch,
Ci=0| MUSuh= HE| S48 FLNC| ez FEtE HHAH|7L AN/ 27| WZ0|

Ch 7F88 T7128 +EME (20| 22 AH[XIS0AE #7t olsiel W e 2 TS
Sgolu Hithz ot 01| 300kWh O|AS AH[GHE AHIXISO| CHSHME &2 S22 A
olto] ot O Znt W2 AH|XHS0| 300kWh Ot ~Z0IA AH[GIFROLE, (B 7-1-2)0f|A
E0| 2008HE 2015 Atojofi= 72| 57t §l0| 28% &S RXISIL AT

T= 1998 2002 2006 2008 2013 2014 2015
7tre HEH
A‘Fg%f 163 188 220 229 234 226 223
T
SO =N 22 26 277 319 287 283
7t HIS
H7E 42 ¥ 23 22| 189



T i | e | 0 | em | m |

=5t 22030 483,655 100 539,637 100 11157
TEHR 14,419 65619 136 81162 150 12369
UL 3017 103,679 214 135,264 251 130.46
mis2= 20 7691 16 8707 16 13.22
A= 397 273548 566 293,826 544 107.41
sAE 1638 15,702 32 7429 14 4731
IH2S 1673 3341 07 3788 07 113.37

2|2t TR TR0 M FEHZ0| XX [SH= HISO0| 14LMIE0| = O|X|X| R5HH, Ol Ct
£ =750l HIsto iR 2 ~F0|Ct, THE MEI=S2 FEIZO| HIS0| 30 THIE LH2I0|
Cf. #2H OlL|2L CHE R20| 77| AH[2H0| ZUAS HEo]| H2[5I0] S71etol w2t FEeE
T7|aH|of HIES2 sHioiCt HAst= FME 20 2Act &% 7|E F7| 0|2|2] ZS0]|LHX[ZO|

2ahel P2 27 |AH| HIS0| g B 73 o= Zoirt

2. W= A € 28 A=

Lzt 23 Al= o DiC|2 =Y LFAA0ICE Ex= IAl= T (0] AFZ S=of
2} NI, UIE, FEIE IS SAIS, J12S, A0l TS, U ST FHelo| ot
71 3

[=]
2t ChA| MR, ez RSP | sl, AR H2lL S0 T2t FIZ 4 2 S

12 8= J50| EEACEM A
Z

HIS SIS B 4 QUCHs TS 2Ck =it AR HIgol Ko7t
SIS0z 75t SRS AHIRISS T2t Sl 25k i 2HsH 2300 Xtol
8 S Ul EE DARSS ALY 4 U THS4S 0| ECHs APt Ut S5
SAIST DRSS SSHHEO] SHEP I SIXIZ TECHS ASIE HROIA T AHIXIS
0 W2 T RES HuiE TRM0A 2alEiRiciD & 4 ) S47IMES o= o
RIS (T BN HRISS AR B IS @)= DRDIXIOIC

190 XI47H53t DS 9I5H CHEHI= 2050 OfL{x] F2t

(& 7-1-3) 8='H 77| ol

32 (2015)

Al=: SRS AL AOIHA I

(cyberkepco.cokr)

(& 7-1-4) T7|123 Al 2

(& 7-1-5) Z}=2| 23H=
Hlm

a4 =EHe| A A
O 6T F=RIRI(KS 11.78H, 2f 10HH)
TEIZ® FHE, APT - 3| =1 (2016.12)
o MY, n¢t
HLR oo oHo o TROAF ARZITHE XS
2o (:l_}-_Tl_A-I Al.EIAI 5) =iy} = S
o T = O o X‘ltozll‘, __"_?:"_A' _T’_?:,FB
o AEE XIS
usg S, H=# S 0 1,000KWO LA AIZITHE XHS(121)
O XY, A, 1eIB
Ttol moie o AHE RS
oHdH, odo =
Aig e 0 DO ARIHE XIS
tricd o Hgh WA, TRlB, TRIC
=AR =01 ofeig O UEY)SSHSMH, 1, LF)
- 0 () TS AP RHS(131
7I=S k=, HIIS o UEM) 2E
Z=EH
Aot o 0 2, S
[s@) 712 - oilH] - LAl Hl] ’

(E7-1-501M B= 2XE 0|7, U2, F=, oA §9| MEIZE2 TUE 23HE 1o
ArE3IH, B=ES ESSICEIT P22 ME2tE0] UX| 24Tk AHIXFSS| 201 U
M= 237} LE|LEIR FAISIT,

28 &= ug o= | max | g= 55
= Ok K g o= K{OtH gz/ﬁ?:;tg X{otH R /X{OtH R-H
712 2BHA et} e (3IAFE Ab0)) M 8L /HUE S
=0
= = 3 o+
erme | A | mEsa | zuoms [mumas| o, | F4E
AADS S | SHAZE | (EAE o)) | =42 ' S 7IES
SAE | o AEdE S0 FRAUE AAERS
S _ I
sk
=S Hes = TH(Efol) e
AARATOU) |2k A101 S st Algig, Fug Us(eo)

thesol 8= e3Hs ylEeZn M 230 ofs 23Flwo-part 2 A
sl=r, o] ST0lM 7jEe Il Alzo| Z|TAH[RI0 Blelistol AEREl=
demand charge®| A4S ZH=Ct T2t Feigo| 7|2 Mefzol utzt ZHEC) thi
2 HEUAISS O SH= AR thfm YT SS thio= sl Uig(E)e
Zi20ll S0 SUst LRHAS Z=Th T2i ARSI} AR LIME AR AlIX}

Solst @
£2 o2 5t= (Z) LNIE W= Fof ()=t R25 232 MBSt

26 FEHE2 20161 128 XM 7HH 0[FQ| Xl=0|Ct

Mg+ d 35 el 191



B QTN S0 7H 2 =2te| thito| B
TR 6EAI0] 2GSRI KRS Ut Of

Oll4X| Hots R=s| /510 AlRb=ien, O

42 Al FEZ0ICk FASS 2016 12
RIS 7040t &8t 17} 4L0HE 0[S0

0|Z0i| ¢i=71=240| ZOIEl 8 90HACHE 742

BME HIX|=IX| 2430 7l RXI=(0] AT Of MZ0l| e HZO| 7| AH[E SE== MG
Of 11, LUt} FA| M2 GHo| R SEO| TI|AH|7FIR X2 FHZ 5t 2

= ZI=o] +~EEl0] 7| 20, FEH 2Z29| T7| AH| S5 RsI0 £ HEE =
Mst= efopt 712t DEEICE oM 2AZTt 2AE o) & R0 R2L2te| F
EiE T7|AH[C| HIS2 CHE OECD =712| 2t &0 SUI5IH, JH0l|= =76k FE
2 27 JiH 0| M7 |2 moiCh FEE 7 |AH| B2 Qe HHAIS 2 S0

FE M= 70| A7 |=l0] AT

2016 OF Salet ZH0| XISEUS0= FFIF AHIXRSC| =LA 243 RFE 7S 2
TSIt O 2AI7H HX| ZHI2 HI=tSHRL, 57(0F THFH0| LIMA ZRet Task ForceE
5104 2| FHMol LA EIRACE 2 =210] X[Z{2= 7h20(01| 7120l Z2E =2| 20|
FHME 27 |Mez 2Astoh= ks MBI AlRlisH =Rt 2S
2 7110 Mi3Rte =N 7[2HMo = i3l 300KWh O|&0ilA 7% 255t= shlea 71zt
= X510 O 04 &&5IX| 2T &F A0|Ck J12Lt 0] 7HHRE2 A= ARZKof CHet &
7t ofotel Ra2 AL FXISHICE

SHo2 MebE oR2 [

1000
900 -
800 -
700
600 -
500
400 -
300 -
200

100 -

709.5%

£ - KwhEl/2l

280.6%

187.9% 187.9
1259 933

60.7

200 201 401 100 101 201

51~ olAb
400 O OISt 5, oI ofst

200 201 401
ol
400

100 101 201 301 401 501

ofat oly  olst

200 300 400 500

192 XIZ7HSE ORI I8 BRI 2050 ofAX| izt

(22! 7-1-2] Q2iLttel
e 2y 7=

A& 7-1-1] =XIx| 71 olH
QFHt TRl HMAIE

ZIZ 371X| FHERt

Ki: MRS MRIRIE SHa xR

)

m m et (32 7-1-3] 27t ZY
oot B A3t i

LE H1e= 88 7=

LE|Lf2te] MY Ie= 4

s

BT zs 7I2No = RO Al SlsiM Z2E=7| =0l 0 &

X0 |1 FR | Fgkofl Ftsit o 2= 2Lt T Ied A g 2o &t o
T O|AZloIM @3 2HHE ZHdsto] 2|Zst Flofl A0l AES oHH, MU= CHA 7|
et Holottl, 042 TE7FS0|L 7 [2e| AH2S HE! Foll MUF LHoll U= X7 (9IRS
9| RISIE M 7t KIRE AFSICL Q7P =T HIZ ARRH0H S04711, Q7 t=|X| 4o Tt
Al O] IFES HX{OF BiTh
X7 _9._% ol e ﬂﬁ%‘g_ﬁﬁd—?'— — 7| &R s
AHXES HEARS N (F7]212d3] alol) ol -
A 27t
ShaZizZAL
(ol =i o
OIALE] 2f22) -
ol=
Ch 37|93 Al 2ix
eIt H7|239| AP MRI2 SRV HAo|CE F XYV &Y EXIEe-E Tste

7tE ZEst= Aot

szt
=t 3 ExpEs
Jt‘|7|gl AOHAI_}'J;_E% -‘,’-lﬁ}01 x.ljlol )\H)\f _l g olgl,m
| MA 4|2 == T

AMSE 2P UIS * i Kol Cft SR
(THIS + REHONI
L (QFIM x HHEHS)

— 2T ou =,

HEHE7 = S2HIE0 Y| HIE0 HolM HIES Hole FYe| 2= HMisto] 2=,
047 |of] MYEXIES= 287 1Mo MYEXE+ES So10 A=, 257 IM2 WIS
SEH(XAE 2FXZ2| 2ol XHMREEIF RIMS Mot 2Rl MYEAE+E2 Bl

RH2 (& Sl)ot AP |Rt2o| 48| /iEBACR HYE)

ofzl (A7 7-1-dl= ezt 828 X7 |RFE2| B4 BHEL) 204 H
= M43/kWh S0llM 9580| LFHIZO|C}. 0] U™H|S2 H=H|2F L EH|ol|
SHiEQ| HISO| o ';:EPE =

E0| ZeECk SIS otH 103/kwheldl, RE|U2h=

rgl' oy
e
t_

Mg+ d 35 22l 193



0| SZo|ct, 0= &2 =E=0ll F5PE HSEI UM SHiE Ha27t doixez 87| = &5, HItele-20| HOIX| 2 Hti2 A=H|7} Si2tstHE BV igle-20] d&stitt o= H
OIck Of2 &2 St 72| WhZof RalLtate] SHiE 452 THE I71S0] Hlsto] 2K 71230| HzH| HEE ZAol| HIEIK| Rotn AXIE F1 HiSeith=s EE ARSI &
5| HCf. 2014 7|E 22|U2e] ST &ME2 37HMEO| D 0|22 66TMIE, 2= 50 HZ ot T38| W|eF QdEs 2, |712| HE0| HStH dEs| 2tttsin EEstE
MHE, DA 7AMME, S= 8 5HMIE Siif HwEICE AD{EH £20| HIZ2 28/kwhoi| FME 2ol Ct T Zak 20000 01F 2013E7IK| DRIt XISEIR4=I, 0|2 215t
=uI5t0{ 11 H|S0| 2 HMEO|E= O|X|X| Zetrt, 750 M2 230 BFE=IX| 220tA 2012~13E7IK| &713|4=80] XISE 2 sf=tst

= FME 20| Ut T 20080 R7PH 288 01F MAIZER7 |2 CiAl S25i%=tl,
o9l E/kwh Ol Al7]ofl &7I2lr& SA| 70MMEZ S2EIRCEE 2 T sHofl THA| 0THAIEZ 2|

P PR SI5IICE 11 052 ChA| B12K2 H4S510] 201150l ZHZIQ! 874 HMES 7|=5/%ict

&8t s 27474
XI=: ot 25| Y x| - - -
! Doy e = 2012 K717t S2ASIBIN B7I1E1-80| CIA| 45H=H, 2014K0= 98IHlE, J2in
HHE ol EC|0] 2015500il= 100mMIEO]| =SHSIKCE olof w2t SHHo| Feo|ole 2010 128 &
i A, 20120]| 8180242 £-A0j|A] 20131 15211 0[2), 20141 578FOIR 0[2), 2015H0i|=
T8 i m un m & 1122 0[Afo| FEH0[2US A5, 20161H01|= 12K 0[A2| HY0|US ABHSIALE
W HiE m oy cho| : ofgy =2l %
olHLR. m EXigs
- - " [22 7-1-5) $txte] 200,000 o
HIIBIH8, M7|193 QIME, 180,000 90
{71, stxe| F8E
EXTESY 160,000 80
OIRf2! 7 |RT0| APRIZI0| R A0l HRBHEI0f QAP AKIZ & KHXIX| a A& SEEREMEEE. 140000 o
Ch X7|23 ZRO0IA 7 SIAIKQI SiStS H= FAl AlRiEol 7 (x|S0l 0lS0| X7 | OL{XIZRIR TS, el '
) ) SIAl 0| oAl 120,000
QTS ZHE| Q0N F7|F AFEAE! 0[2l0] CIZ R9ISS 1Bk | 0| FAKS oleial 0} ol BERlZ 60
FSHE KAIDPY MCHZ X|7|X] R5H= Q| BOFEICE Ch0| His Zik2! ARIZ oM - 100,000 o %
olgst RIXE X7|230| ZHE0] BT M7ISI80| HEH5| 00HNES A6t 80000 75402 e W
Az} 2 o 38N 57
HA=7t =201l 742 |ict. 60,000 51.979 55,576 30
EXHH|(4)
CCS} StEX 22 5 Hlo| =TS EAO| QCH 2 =2 9= oF ol “IAD 40,000 20
5t SIS BN FiRIC| STRIR B4 0l BFE IS TS| ¢ U 123 WIsHe%)
O, HOIRE S5k Q| W0, R 20| MM SHsH SQlsP |t 7ol 2 —o— TIR3OWEMX) 20000, 1or30 &% 0
7Hs5ict o2 Aol mRIEZE9| 7HsA0| AESHT, 10 Chet 232 215t I 19F —0— S7H$/bbl, FHIOIR) 0 0
Fatch of! WROIN axisizl K H0| SRS o) ThEt PRI Qlstof 123 2 SHlo|R) 21 45 39 35 mp 96 49 96
Off CHBHAYS ZES OIBHEHHIONM 4552 DISdat 2H|7} 0 IX| 94a Uch 2016H2] A9 7l 20,000 0
A OS2 Bl M=ol SRS Htatsh SaiUiict FEIkle] bistaldmt M TR 05K 06E 07T 08 09K oE() 100 e e e
off CHaA= 74o| BE A7 [HS7Iot BRS0| SOl5kn URAXIT Ot LAIR| FfZo = 91 Sre) - otgy £ /b0
5t 251 25 2t A9 VALK HItol et MK 12 o] HiHo| JHEHO| ¢ 90,000 110
7|Ei0] STt Z2 BHLSHT FMl AHIXISO| St U LEMO} HEHO| Mz 2| 80,000 100
JHO| O|Z0f3iCE, O] Yo| BpHS Da|Ltat RTA| AHTAI} Akt HEIK0[T HE| 70,000 90
ZO|X| &t HOJZECH 60,000 80
50,000 70
o EI LI'E-I' x7 I o1 5is} 40,000 60
« T [ .
3 = = 30,000 50
5= O = 20,000 40
7t S8} Cid| X712 FAM|
10,000 30
[32! 7-1-5]= 2005 0[% BHHI0| 75148 ZAIS HOZL), ATt J2le eirfsiagat o ”
EXf|, F7|220NE 52 HOIET, STt IS 97t FHIE HOELL J20jM B % 0000 2508 o
M 2tleEnt R7te 72l Bt 22IIE Ho |1 It = |7t 4&s6t0] HEH|7t —ppo0p 0% 06l 07 ‘08 09E! “OW(Q) f0E) A A 13d

194 X&7HsEt O[S I8 ciEiai= 2050 OfiX| T2k Mg+ H 35 22l 195



2014 2015 20161 ALt |
| =nepes 98% 100% - |
ARI 273148 102% 109% -
of 574749 589577 280,608
2ilo| 57876 113467 63098
FHO| 10.1% 19.2% 21.8%

LL X8 Hisle=
Htele82 8xEH25 Xo|7t L=, Z[Z20lk= SHH0| =Y VIE W2 SIHSHK| 247 |

=0l 8=E HIIEs2x 7| ofFct Cigt (32! 7160l BE= M 230 2 0E

A2E0| Y& REECZM ZiRI5| 2 HHE 25 o Tk
104.2 101.9
98
9l 910 867
35.8
ot Ay g 725 z A 7

20161 =30l 2 nE Xt=ol| ofstH, 2014 7|Ee 2 Akgnt MARO| AIISI-E2 100

HNES "M, LIHX| == #7t54-E0] 100DME O20|Ct W, 7I12S, FEE &

o= H7IE|4-20| o=, FEIE9| ZR0l= At ALSXIo]l Chgt &7t ofst 232l

Felo| 3Lt SAIE2 B8MUERM IHHoZ

E T7[HoiZ0] FH|2] 3 2mMIE| SUSIKIZE, A

s=e]
=]

iy
A

)

£20] O] R0 A etistr At

O|XE H7tal4=20| =0t X7} LiZ| =, B7Iel+20| £2 =2 AH[XFSO| CIE
=]

2HIZESOIA EESE AlEohs WAtEET}

196 X&7HsEHoRIE ¢

5t L3I 2050 OflLfX| T2t

Al

A=

[32! 7-1-5] EFe
HLRISE, T7I123 QIME,
{71 gtxie| Z 88k

B2 EM

XIZ: SHETRATANAZT |E),
OflAX | ARSI 2, wiz=al
Ol 0|Z oM HEXlE

[3&! 7-1-7] 20004 0|

88 7|23 ANE

[32 7-1-6] 20144 2
WileeE

Atz eh=7i=, 2= ofEA
HEXI=2(2016.9)

T2 7-1-7I01M i 24342, 77|23 QNS S5t =2 FUSHK ik 20004 0[S Af
2480| Q0| T2 BEHCH 5Lt Of= 7IZ0f ARG F7I230] 9ot S e
2401 71Q1BiCE THO= CHE 80| F17|230| MUK Histo! AHAOE HA Al
Ofl CsH MRS RBSH= AlZ|= UCH Et -EIRIo] ZROIARR, Bt 7% 23 of
LHOIAE AR Z0f Wb CHES AHIXPE AR AHIXIS BESHS P& o0, Mgt

BIE S0IME AUE0| k2 AHIXIES YR sh= (Z) RS2 W H2 £F0[Ck

842
495
256
230
15.3
. -
7 Feig g Aeig 28 seig

Ct H719=2| =AH|x

faLiEte] F7|=2 CHE OECD =7HS0ll Hlwst o, HiXe 2 W2 Ho|Ct (& 7—1-6)
oM B= 2, M8 23 7IEC R f2|Uahs IA J= UE =Y S R M
Tl MHZT S0l HISH 7471230] HLt =EMZ iFE SH0| U1 SX|2E FEZ HA|
OHS W2 HO|Ct 22| H7|280] $2 7152 0I=2 Melsirs theEE 22|
HIZSO| EO0t WX X7t 2 =7+S0lct

OlRE! S2lLtate] Z17|230] H2 0lR= of2 ZHRI7H U=t Crga Zo| 2ot 4 ot

o o =
1) =2 X[t MEto| HIS
Sa|LI2H= 0] F HO0| JIAUTI| FHS 02T YY), T HUS B T H0| Hl5
O} HZHI7} BN 547 | 0 TR X! UAH|S0| Sk,

o A
2) %2 S HIZ
QalLaks B2 2ot 52 QITU 15101 Hapt W U, WHAeL 25t Aole]
72| 4 Bk 71 S0 Ui £20| MK BISOIA AHISHS HISO| B WLk UM [
T2 7401 S| SHFHS] B HISO| 0MME S E|X| i=Ch

o S =
3) 2 IS0} AEX HIZ
Szt F7|230l= OF8) 2A7A BHS0| T2 ARBIA BISOILE THYUILX| LA XIS

SJst HIRS0| Yii5| HIEIR] 2 Uck

>
>

,.

=)

X7

2 3=

el

2| 197

0:
4



(08 7-+-812 EU 2750| 77122 TS B0 20, St network)o] 220lA] XX X‘"Z’é" II_-|7 |-?-E|" x-"E 7HIA_1 HISE

5= H|ZS0| 26N Oj2C st 7+7riw| olelo] Mt RHMOILIX| KIRHI (RES oo
charge)2| HIZE St 20MES Zufslct
1 HH 74
L ] o

19.57 19.80 20.04 1994

— =
100 [ puw 110/ — (12 7-1-8) EU sl 7L, ol M7 |27 M=2| ZXIE
%0 r 1% 8 . . |23 7y
80 - 9% 10% XI&: ACER/CEER, 2016 o Mol A 2 Sl 2|Uztel 7|22 M=E o2 7iX| 2XiFat SIS ot Uc
0L 2 AHIXFSO|| 0} MeHo] 7|5{7t 0{XIX| 27| TR0, AH|XISZEE(0| m/=tHo|
o ! e %i5| ZISSIR| pf=Ch BEER MZstE 27|23 M0 0 Shiis mAAE 0|
50 | el 28% 26% B Energy M Network Sh7l Sl E&2A7 = Zeol AL S = X AH[X AIF0l ChsiAM #7IE dElsh=
40 | VAT B Other taxes 22 Fulotn 1 2|0z CIE AHIX} ABA EX252 & R0, &7t oyl 25
30 M RES charges 2 XISoh= AHIKIS2 0] AMHE & AR X510 MAL 7| Ecta Siefaie ChE e
Sl £ e 0l 17| 2ol oS utof Al Eick |Au|x+ 750| o2ty S Sato] & =X
ol 81 FEt0let XPAISO| 0[RI2 Cii#5I0] 2F OI5HE MTEOE QFE 4 AR I
oS Ho|= XAISO| 202 FES! HiHO| QiC 24} XM7|Q20| ZAX0| Mx[EHE
oot o013 oot sots Xl 942 A0l KIS ES 0| gict, 1 20t F7|230] 20| YxisiE
Ch QM t=0l5t 2453 71Z2] Fxt HAI] S TRats QAR Z2E E5101 SXIKI7E 74
HE| 740| 1 £2 oo
N~ (% 7-1-6) OECD 2= | = Oflo|ct,
OFCD V7 IRE Feaon Wie oz AHIRIZRES| T8 227} itk XS Eesl 23 450 E1 WS BHE Hold B
Ho o =2 OECD/IEA, Energy
AR (Industry) Z7{2 2(Households) Ak AbZO| FHut ox= ol AOlE HER{T XHAHONILA K| K1lo| =7}2 ol
a Fiee s ot T, 2005 71 A i X510 SIS O F1ch, ADIE12|= ] 512} SOILIF| HEll 571
29| =] ct Az 20| 2719 cit Az ESR=TI=tep I ES 5t0 M7|= o oA SEEO! AE(commodity)0| OfL|2t XHHSHEl AZ0|Ct AlZHcHol| 2t
(Purchasing power parity) M xIExoz 9aS D1Mst QT 77| EOHAIR ALSIS AIAZIO 2 Blste @
1 Ea=Eo]] 438 0.44 1 FHLICE 799 055 7|Z0|H, 3t22 SHATITAL 1 XSHe2 258 79 £= 7| EAE S-S AAZe R 2HEshs 25
X122 o|=5i0d £ AR & QUCL Ot olLat JHE AHIXIS| ARBEE EF AL &l X[Eteh= A
2 Lt 591 060 2 29| | 1051 072 ot i ATl A N i s oo
BHISIHS, & Jhsotl 2lX[0] AH|RIS0| TS TE6I0 HVIE Flisks A= 7HssIct 012 &
6 oiE | 696 | om 9 o | w8 | o0& 2 2ASE0h= 20084 So| MEIZOME THMOILRIZ LHE TV |2 RES FDARIE THGIHCHE AHIXISS
Tz,
4 SERE | 723 073 6 ENE] 1446 099 215104 291 green pricingO[2H= A0 £tof 2410] 0[0] 2af FHof| = I|UC
1l 3= 989 100 7 3t= 1462 100 O &7 |2h= RSHE Tofsh= WAIO] wa2th Ciefet MFS 7Hee = UKL AHIXE
MEHO| 715|7} = orom mfst= QURIOA= AH SH= AFZ(Q| 20{0|
2 | mur | 0o | 12 s | m=r | m3 | 106 Ol Adeto] 7|5]7} ZEO{X[K| OB, Tulishs QUBIME AHXISO0| R5Hs Ao 290l
K| 7] o ot O HES 20| JHUE /oI 2X| ¢=Cf R0l Izt E8Xe
13 El=5= 101.0 1.02 12 e = 1773 121 - - - -
il 2 TEMS 2Hsk= ol =20 == 7 |28H=7F UZ0E 2761 2013 2Hs)
15 = 1171 118 15 = 194.2 1.33 I H|ESX0| HES TRE A QICt
| wWe | 8 | 1% 6 | w¥e | w1 | 8 o HOlIA i=oft 24K, S2lLtztel 71220 ZHERS Y X7 OIS ZEEOI, X
21 =5 1407 142 17 digte | 2028 139 7122 2% #2l 0|2/9 22150] 13 thdo| 2 JHsdol =0t Sxiel ST = e
| A H4=210 RS HXSH 742 O. 120]|, SHEQ| Q& = Xy |IMo2 =
25 HAZ 1778 180 22 EEI 2517 172 SA| T | Bl 0] HISS HHE XS 2716 | 201, © | H80M= 7= &
EEVIEMO0[2h= CHEAT X7 |H =0 E3 7|2io|Lt EF 72| AHIXI0f CishAf &7t
2 | oo | 2521 255 30 = 314.9 215 _
i : 712i0]| TR} LSS XS 2HI AX| B4 20| UCk BIZ O B} B2+ E1
OECDET 118.6 1.20 OECDHE# 163.2 112 AZ HZA|7 |7, Aol Q| £RIS X|RAI7|= Q910| =it

EHR| - $/MWh

>
>

t

198 XI&7HsE OIS QI8 CHetl= 2050 oflX| &2t g+ H 35 22l 199

0:
4



LE X7|122 Mo =AM

1282 THMHL| TIRIAE0IM 2 miofl ZIE Ad|Xiol|A| T

QEME A

o

|€H%I-

5 £ | mZolck

S Hlishs Aol £

g Q=S Z2Hok= M &
20O B2O| 29 M7t F210]0{0F STt ol AOfEm R29| 71E +F0| W
U = = O XiAZ CF IRV | hZ ol A0fiEoy 220
(o]

M
E010| XMy | A S FIIHOZ AR Fof| AR

O 0|72 Joskow?t 22 XEg! SIXISO0IN ANHEHIY 22 SRES E/H&stet Hx
5| HITIAIIAP L o7 t4S 02 BtHsh= CIEE AHIA(Basic Electricity Service”)E 7|

202 IFBIoEM F220

A HHIM XIXISHE HISO| 0 Hit=

k=2
=
P it FESIACE of

c ma
2 2 0igS xl2d Uy

74Xl

FYO| SR 2fsirt,

2352 Littlechild(2002, 2009)7} &bt Zdx{z, Ajin 222
and discovery)S E504 7 |AEQ| JIXIE Totst Z

o
=2 JHUSIH L5 =OhAIENOf Eodote] WHRES| S 247

Hlofl Q01N Joskow= AHERIOZ Qlfi O
M Bl ofXl= 3X| 27| H20]| ZY=RI0

2IEL AMIQ| =IO 2 Y2t AEQ| XIESt 7

T
i

H

THT
U

9]
ol

o=
om
0
o

3

0x

[
o

opY

Of BTt & TRMAIM ADHEH £22 AHIKIt M}

=

(needs)= M

o
ARIOIA| TSt HAKIL] HIZ(cost)E aNE
i

(=)
Sict [O3 719l Aol 2ol o Hatg OZlo= I

AH|XE
- A8
NN
- sy

200 X&7HsE OlHE 9f

St |

]

f

FE SRt 2Lt A0ET

40| SHLA| 7T B dEolAi= 0

=
K| Mush=s EQ8t Hgt

oA ANRES| 84 MTIE 2feh 1
OlM AR 20 FAS =lot= =
HIE0| &715k= dlofl HishM &=

EEES

7}+249| E¥4(price formation

ZAH[KIO|

00
o
=
02
Q'E
Ir

stal

= 2050 OflLAX] =

YA
- HETy
- THHIE
- H2HIg

[a2! 7-1-9] AH|[THEOf| m2
UMH|E3} 7] 23

2HIXH= T7|9] ARSEE ARSARI, ARICHE A&l HEY, HFFs

9| UX|M(coincidence) Soil 2t LWHER0|| CIE £20| HIES FYUSHTt,

=
~
i
o
10
Bl
Ol

E2 E2 XI0|S HO0|= AH[Xt Afooll= R HISS| Xt0|7F 30, mEot FA| 2517F 2 Az
Choll 715 TO| AH[SH=A], OfLH | 517 2 ok AlZtofl T7|E To| AH[SH=X|
off mEtME REE= HIZC| Xf0|7F T AT £22 OfH CIE HIZS RLUsS= &
HIXtoll chshA 2 HIZO &S5ke R85 &5 Fafg 4~ A0{0F 3Tt 22X $2oH, o

£ AHIXIL} 22 ML E2 7P O HIZES S ECt

HIE FLXtol CHoto] Fatet 252 Fatsh= A2 gl ZHIM 282 S0 &8
g EHOIME S2 SQs6ICh 2T §HIZ0| ZO0Kl= HFF3E AR =2 252 &
[SHH, of ARZITHoll TV 1S ARSSE AHIXSOIA T HIES REHAIE i UKL,
BAHIE0| =2 0] AIZITHE| 7 |AHIS F0|1 BIAHIS0] W2 ARZITHE| 7| AH|2 O

8l 712i= R/2U0| 2S5 =lof THMY FHQ| S54S =01 =t

A0 F22| HEO| & O|F0E ARUK|2| (R = AT £ AETR0NE Fat
g Lt OfR2h: ZY0| =M, S5 ZH0| LS =1 015 S5t0] Azl
0| S4oH| Bt 22 E4-2f TAIHXIS0| SYsIHA OtAE HIS0| Stisi

S0| X2 2 SHE S5t 0 HIZ BHHE S
I TR 20| AT R} Igsle ZR0ll= 251
THA| ste| SRECH O HISSX0|1 AH[X[0IA| 2[5 Zulrt FefE = ATt A0HEHTH
22| ZE=)0f tisiAM= 02 71X| =2t0| 7| Hi=0l = AF0IM=E A-TFEL 74| o

2ot ZAR0| AR MAZ ZZ0/0t & E4S Seo2 =51} Sirt,

4T mjo

O A = S

2. 23 2| 2t He|

oI M7 |25 M= M} HESHH 25 Faisks Tt ¢Alo
A
o

S|
= 71| OlRZ AHE & UCL ZIW, A0HTAIC| H2 JI&

Ml
u

=]

I
8
]

i

ERUSkE 0| HEXOIX| YURUACE CHFEEZS| AHIXFSOHAH HARICZ
25ts ARVIE 2XI5Hs 20| ZMEO0[X| U ZupEoz ARIIEZ
SIBITIZAL, Z|H A2l Hi2SHH 712252 AMHsh=s A= =7HssICt
XIS0| Hlw™ SEX0|7| mzol| XiEatE 2FS Fuie 2d0| E2 =X
2Lt dR0l= M2stE E=E FHMIE el wat, 2t &= Tl Lot
XS AtoJoll= T2iAH| THEO| Hlw™ QASH Hadt 2=MZ = Tf SAl| F

A AHIRISS 2EE 4 U

=

2l
~
>
ol
o
I fjo

Rl
&
fob
rn
0]

jo

|_|='F
B0
[=ny

9
N

M

)
9

FME

ALY

i

Ir
B Jm

T o
E = & =

2T
]

0]

A

]
X
S
0z
H
mi

ANETRETF =T XHEOLX] S 24 THHEO| HISO0| S
off HHap7 2SI Olxl= Hot Huwst 2

I BOEIRCE £ 242
C

0 Y

El
_o'y
or
glzl
A
[
A
o
HoTio

i

S o9k
r

U o
I
uL
e
]
B
X
pal
1
o

pal

AN}

T

5

[0

HU

i

i

o o
> I

= e 2

I
S
Iz

£l

1
i
\|
5
ki

>

g
=]

]

=
e

]

|5 SoM 22 E=
4= Q| =I0] A% ZZMH(prosumen)2tE M2 £59| AH|XFS0
&toto] 2 CHste| D Ofsh7t CHE AHIXHS Ato|of 3Estn 285

PsliAf OIHECH BN XS @FAATH RS,

e
N}
m

m 1
0z
_O'E
)
il
k=]
m}n
o
H

r
I
©
[0
I

=

ro
0]
I
mn
Ho
082
ol
N



71 AR MY Altle] X7|122

Lo

ANMETR|=0f AMOILX| Lol BE Sithi= I CHE SHOM ATl 220 HlE &
7HL[SHA| BHECE HIZ 2AR Felo| Bgnt A9 Z2440o| SH0|Ct 0[S0| SX5P] 0]
TO| HIFAL STUMEE RUS H7 |7t QMo 2 AHIXISA M= E2 o8
2 oL O AIZ0ll= BiTIof| HZE AH|XPF HOL} HIMAS HO| 0lZ5t=7t= AH
O AE517| 2f5HA TLOKGHE T7|2| Yat BIHIGIRCE 0] 7= 2F SHIMUS SaiM &
0|27 R0|CE YN 7|7H S| & M7 AHSES & OtL|zt 1 717t B2 2| M7 A8
ZQ5ICt 2 ALS2f0| 3 J9t2 2 MH|7t ZQSE| 20(Ch J2iAf B ARSol| o
St 7 h= 27 |AFS R0l H sk T2z R (volumetric charge)2t Z|LH AL EH0 HIZ|

Sl 71223 (demand charge)2 SaAl ZAS| glEt 4 JUALCE

TR AN HR T ST HER0| SIZE| FRIS0| F7 IS AtE £t ofLiat At
XI5 SIB1A, 021 BAI0| f Ol MBEIX| BTt S5| YT S A WHHHIS 2E

2H|ZES HIFAS S5I0 M= T7|2] =ALSZ0| HASIA WOX|7| =t XHlo] &
B S XAz AHEe =M HiHYE Sall TEE WIS 2 47 =7|= SIKIZ Xt
7| AHZECH O BO| dikE YIS HImAS Salf TlSIAlel| =i O2tES X7t AL
et 7|20l M SHlshs 29 negawatt MI=S 01ZsHHM ©ARZE0| o E0{E= A0[Ct
O AHIXISQ| £=ARSE0| EOIEMT sliM 0152 HiEY AH|Q| 0180 J2HF E0E=
W2 OfL|C}. FEHZO| AR0f= FFRSWE T2 MIAAZ ol Llisk=t, EffEe| Z|tHUH
2 S AIZIol| LHBICE Tt MTFRSt AZITolE GEE] B2 4ol 7|8 iy =R E
=]

=

fO} AOF 3112 2T Ot RARRE 27(|2| HIHEH|S ER= STt

28,000
26,000
24,000

20,000

18,000
increased ramp
16,000 |-

Megawatts/hour

14,000 -

12000

2020
10,000 potential overgeneration

0

12am 3am 6am 9am 12pm 3pm 6pm 9pm

202 Xl47Hs3t ORKS 918t CHEt?I 2080 oflLix| K2t

[32! 7-1-10] Z2|ZL|o} =
7{E (California Duck Curve)

[3& 711-10]2 {HS!t Calfornia Duck Curve2 A Z2|ZL{0[| XHAOI|LAX| 2SS H|2SH A|
S ==olnet load)E 512 B2 AlZiH H2 H0j ZCL tHEE| FEHSO| HELsPH KA
AlZtTHol 257 | w0l 7S TIM|Q| ZIcH Fot HA| MAAZITHo! LSBT Efefa Lol
230| 3X| ¢4 20120l= | ARICHoI= FoPt Ol He et &S RABIRSL
EfE B50| S7IE-E W AR =R5P §2s| dadls f

AIZITHR! & AlZte| &=B5h= 5 HASHK| $1 251 S715
AHO| CHE 220l o2 el REE F| Elch M YHER0] telid= 2l &F8t=
ZASIK| 27| 20l Set 2 HHIEZS FXISH0F SIKI, ZEEf0| 5245] &7| =0l

X

=
7tS40| E0 2 FXIE2+E B tiet SEet +US KXIeP| ST

20 OILEL =2 22 RE| IS =FsPt 255t

=0
[= LRIt HIHSEE2 Al SLEt |0 =F5t
i

2
Ral

fo on
ol
S
40
I
x
ol
= T
fu =
Ho o
i O
g £ fjo
UL
: 48

(I

= =
7h EQsiCk Brof HIREIAFSO0| HEAHIRISO| A7 TS 7IEO R HAS WO
MalALSTH DRDINIZ By SXIEAS HAE 05t 22 S5t OfRIYIEICE O
At TMOILIX] O] HISO0| SHsHs Algtol

= =}
HAY M= O 2t 2XIE o7 [k EICt,

>
H AT

o
rr
o
2
o

N

20| Zlxo|m Hslst

FO
0

Ll U3 M7|e=

TR $28+S(Demand Response)2 F2 CItst R0 thSsts T 15 a4t
S2 onfic), miatM 4-QEES0| ARG | 2t TaZ7i2 TH2AHIZE AARIoZ St
2= QU= A7 &0 U0{0F SiCHE Z0|Ct YHIRo 2 o AZo| 220 27E0| &
Mstl, 0] #HE 3185l F= Z2 7tzo[ch 2nt4Q7t QIO J1240| 221 ZkEF0|
UoH 7t7{0| LiZ|HA TS 5126 Ot IHE 2 OEt AES0ME 420 S22 &
UR|= 7tzio| SS2I0[RHE 2MZ F2 LIEHAT] 2Lt MMl 23 FE0[2Hs Hoil
M O AZE0 012 CIE EMS 2=t 2M 4001 20| 2R} 6t £7I0[2t= 47|
H, M = M2AIE HAH o EAI7HUMSIT) 2ot & 27t SFSES EHAH Al
£0| oH|=l= A9 thT(plack out)0| LASHA| £(0], YR AHIXEED HV|E £ M= 20|
OfL|2} ZE AHIXIEO| H7|E 2 MA| Et

4
3

2t OfL|2} CHEHOIM AISS| 27 IZ0]| SAl0 R =H ASS Al =5k ol

0| AQE[7| TR0l =7 PRI CHRHIO0| LHASITE HIH OX|7X]= CHRES| R8XI7t

=
HECOAIYC] 5 HES HARICE BIESIX| 7| 20 714 28E S8t 2 1E 3
Y2|=0| =7Hs3aICt o) £ W20l TRLPME TE Lgint H2| 3E TRt
& Q= UTAEH|E 251 H5) 0]l w2t WXy |52 AEHE JHS

=
I7l= Solet HAIE 252 Ct

M 4 H
o o

-~

Hhees 2E

-

bal
>

,.

0

Hr& a2 2 S5 &2l 203

oHE o

0.
o
A



CitLt MFSoit 2opt 2X| geto| olEg +~ Qlu, EFFSIA 27| Soll =7t o
ol & 7tSEE U| W20l tIEEE BTt o U2 27|29 YHES FXLRHOk
sh=dl, 02! iR 822 ollH[H(reserve)0|2i £EL OH[ES H0IZ RIS AR IKE= T
HIZSAIY0l thet AkzlX HIE xfoloi| k2t CHE SHEO] LILX|R2 LMo = 1sIHMIE 7
LO| ofH[EE RAlBIC) RIS HRE= 201 9F 15U SRAMR SEEE AlEiol &
5104 O|=FR| 2SS E510] TI7HA 2 CHETE BHSH Z30| 7| 2ol ol =
IS 2HHENIK| =0 52 HEHO[C.

ra

H
>

Blo} SRl £QUISS SHA HEHSIE SO CIZ ARIHR 03 4 UCet, &
SH512 SZ5P7| sHM SAIBH0F Sl WRAH| HI0| T SOIS X092 Al FH
ol EBHS NS B 4 Tk OOl AAR! ZHR0| JHSBt AHIRISO| F2 Cf
AHIRISOIV| TR0 42418 T2 IS0l X2 tho| tie 487S0iion, 42
HIS HpA| OIA| AR 23RS S5101 OIS ThFR 487150 71248138 itksts % ol
Aoz

Z 2O ZHIE0 |7 2AK[SHER] Al 23tz |([demand side management) =2 124
ofl st QIEETL ZiCE & SERF0| olAE ZR0| 02| AltS W2 AHIXES tiae

2 £+Q7ES XAGH=E Zolct 22 siE AHIXIER 0 T2 J3o)| Zoist= tidl 2
X

0
|

HAZE HHAHZE AZfsh= AMI 220] ETHEIH, A2 AHIXES0IA ARZARZITHOY

2t CIE 252 H&sh= X0l 7ssizict 0/ REXIE S& 2EH(dynamic pricing)2iL
S22, CIUE FEle] X 2FH7E EXEICE 0/ SX 2EH 7t ZHIH E8=H, Al
ZITHEZ Mot T7|2| 7IXIS Fats| L3 0] BIEE 4~ US i OfLI2} 015 S5 TH7| 4
QUSO| H2E HES| SLHAZ 4= UL

il ZEERI M7 |27 Mt EXHoE

M7t 22|Z0]o{of Sict. 4k XHof|Lx]

71ZERRIME 134510 X7|92 A|AEIS

204 XI47HS3t O[BHS 9I3H CHEH0I= 2050 OfL{x] F2t

3. 28AA HMS At o Aret
7k THOILA| SRAICHS) 27| REFE

THHOLAR] S 24 TE SHQ| Tl F7(2 TrE-_rL_’F_ f‘“—*OI f i Sai2|
7|2 MHMA T !

M= Wie 712Xz SEXR Mz 1—| f01 SiLt2] AI"*Oﬂ =3 EE' QACE 2241t
THHOLAX| T2 ZHed Mo = 2150 70| 2t =|7| w0l 100% SEXR! &gtz F
=7 ofZCt O SFo= LUn|U0t IHMOIX| 0| JHERo 2 2 ajAlEol FHo
Sh= Z{0| OV | W20, 71ZL| WAlnt CHE alo= ALY EofsiAl et

1) S7HAILRIE S510 =AY E 2o
RiolLAX| Z1Bl0] JHERO 2 EnjALEl FofsHs CiAl B7HAURHaggregaton? | Ci4hel
ATHR XIS ROPA EOHAZO] HOFSICY, B XIRIS S0 EXIE Cihe KRG =
Of ZEE2IOS BTt I HEHS0| UL A0 TR HENS i BY 4
QUct, 3t aggregationg So101 F2E 52 4 37| THE0l EOHAIN Hois| i3t
Bl e 4 Uk

ﬂm
gk
jai)
i
1R
:‘_
)
0>
o
H
_r;
N
+>|
|-r|
2
>
_>i
2
_>L
r
o_>1
>
N
)
=)
o

HHAIRIRISS HUHBIO R BESR|OS TABH 20| OLlzt SRXIR), Z7 XA
St gl ZER2|9E TAHORM M 2BTYS T JH5E 27| Boj2
4 94m, Ol2 Sslof AR S FRHIZA ook ASLURIZRE] S wert

O ZZA2 2 T HoLX| THS0| Lt THSN} tSE ZH 2 =OHALH0! FHOBICE

2Lt RHHOlILAX| THEC| aggregations S5t0] et K| THESES| iE7Hsd
2 Y = WIKIEL YN +E27IK| fE7HsHE 5017 |I= 271557 7hssictn
SHHEFE 3| 2 HIE0| S A0[C). 0[F H20l SIHAIZXR| HHSZ | 7IXIE &

g &7 |9 S2fut SUsH| FEE AUXIQ] ZH|7t TS| 7| ElCk

THEHOIAR] o] gt FEmt 22 =OHAIEOIA 7{2iE B0l Lsk= E CIE 2xl=
SOHARE 712 S ZH0ICH RiloflAX| TR 17EH|7E =2 Chidloll H=ZH[7F 2| H|
20i| 7RZ4TE w2k o[ 2719 HIF0| =2 AlZoli= SFstoll HisHA RHofHX]
HSQ| UT0| YriMe = B2 AZITHoll AFE7H40| M2 E= MZ0l 772 ~Z0iM &

7t5480| EoH, 27t =0} SiEUTAT} 7HSshe LR ARITHOIZE ARE7H20] (=
HHESI0 E2 +F0ilAM FYE AoIot 0 ZiivtAez=E Wy S| IEHIE 2l
27| W20l oflfX| 742 o|2lofl 712 7o) 2AEE 4510f UCt T22iLt 2H0i|A
B ZA{, OFF2| STHAIYALS S50 7HE MAHOIIAX| HQ| W HEHS FAA|
7 |Ci2te St2Ey |9F SUS +Z0| S 7HsdS Sl | o7 | 2o, 2= TEo| &

Ofoh= Sefel 8AIE0| BEbin EE2XO R 2o | ofet

M=)
o=
HIE
A
e

St
E

Lo
——

AR o2 0= Zz|ZLOlM AR B2 2AKIESAHDistibuted  Energy
Resource Provider, DERP) T2 TI240| QICh Z#2|mLjo} ZoHA R0l Eofsh| .or|s|wh |
£10| BT} O5MW 01O[0f0F 5= 70| ULk ThREO| ATD BAXIASE 0] 7|E

SsiX| Xol7| Eoll 0152 2O 2ol B FHZ iAo Eofsh= 7HM
AXIQI DERP Z2 IS 283! AI20|Ct DERP 52 ATE 2AXIYES 22610 S8

N7E 4+ 2 35 22| 205



HERAZM OIAX] ARt |& APl Zofgh 4 Aem, A7IER2|XKSchedule
Coordinator, SC) 7|52 AA 2 0, MIBKIOA EHE #~= QUCt DERP = 7|

=
2 Hest4E
Zo| R=2lE| SAMS0| HEE A= KR, 1 0j2I9) CIZ 7RISE Foigt 4 UCk

Z A
i
oo
A

2) SOHAIY E2 HXIX| 94
CIZ 7K A2 TAOlL{X] HiS0| 20| &
SYUst x40 EOHARI0| HOfSIT SH= T,

Zd0|ct. 0 HR0l| STO| =[X| 411 Chtlol| A=t
T R NIHEHHE 71EHEE ts4o

*UH*P*XFOH lLHJH

rlo J
&
A
10
I
= r_LJL|
N
(T
I
o
Jor
I-E
ob
2
ne
r.,
rﬁ_'é
In
i)

H
ful
B
Jlm
0_{'
oI>
2
i
ﬁ
s
[l
=
%
2
x

OIS S0 B LTSN SH WSR2 UE 7IXIE TIXIH, St B 4=
AX[o]l w2t S22 M| ZIX|7F ZEFEICH AHETH AHXIS2 SHAIZEXE
HolLAX| TS F0HY 2 AR 2 SIHAERIL| HEVIX| HEE & UCH
o AIHAP A RoAX| ZEZ2|RE TH5k= AO|Ch ORHI] ADHAIHAIS,
L2HIZSS A HESIHEM S JHUE 21 ARYE 4= 7| 20l STHAEKE

= g8 + U= s BERY 7tsdol =Lt

ofm
o
x
Ex

ro
ﬂ
1ok Of

10
12

el

THEHOfILAX| U2 E444 712 Z740] Mt UT0| SEXo = Ha| Eol| SIHAIZX
O|= ADKEZHH AIZXIOIE, O % ggregate ot= YEOM= YR X|Hol EEE TS
EiEoh= AECH MO 2 A Cist Felje] TS sfsh= 20| Rafsich T=Ee
2 Ch2shE T iEEEIRE Tl AS WECEM 2N FUE Shstet 4~
ATt Ofx| HEOHLIMSO| CHYS A Z HES F1M5HR0| SIHAIYALY AMAIEXS
0] 2 Ridioflfx] TS 1575} s 3%._* E_%EIEE eI 22 RE WXE oy of
slilA 22IE Z= Ao|Ck. ofu, LTS 02| ARt LIR0IM X222 2
2IE 2= A= 7ksE 2ol

| =.
=

[ r°l'
J
18

Jlm
I
[
|_o
_>A
Ei
o

THAOIILIX] HRS0| SHAIRIRE S5101 ZONHE SHS OFLIZ AukmiohAfRixier 21y
7HehS 1S, RAOILIX| MU R Fx HEZ2|OS T st K2 NEE HERE| S5
2o} AL 521 9 A8 TR 2751 | T2l Afmjol et 28t QM| 7t ZIRstc, Of
Eti2 SiRfeL 20| SHtO| 7[R, 5 MRALL BHH0| SRAMOZ 438 1f HBMOI Z
7} e HOIRIO| ChshALS =oisl 2 TRt Ick SBARIOIA sitel B7IRi0IE S
OLA, ZR0| T ARIOI £ BiLio] HEBKS 445101 BAHIXISOIA Rkl of
Alof| $B22 RS MBEULS0| LISTZ HES 745101 ZYHO 2 THSHS0|, 2424
A0l 4842 ZTHAIRIRHE ADHARIXFSO| 242t Zhdo] THMOILIR| ZES2|9S 745t
0f IS HIZIOR ZASH= ATIAIRRISO| SHAZP! IBIZ Bt 20k

THHOILAX| THES0| Z0AIEOIM =2 FHeHEA| =T, LIHA| L HMASPO = Z0fA|
Fo| Mz FYEC) 0] ME2 Lt 0| 71s3itts HolM SEE0| 27| ti=oll S5

O MEAEE FEE = QUL 0I5 HAER 7 1M MHe=MO| Hgts 1 =1, 71A=

(e e

206 XI47HsE! DS S5t CHstale 2050 ofl{x] Kt

[3& 71-1] TIE2(Piclo)
=1

B IS AR WA IS A 2 HMOILIR] ZiRl0f Chet sig) Mo Mo| IS 5t

O] AIHOIlM BSHI7} 7He =2 7IAEE VIS TIELTV |2 o0 821ds &8st
H A7 D0l X, TIASS TEARE AL0|2] Z|A METE0| BHElT, b T 2
= MY Ha5 S| Eiot a2iut Biek SRy FEHLE0| 2 St n2ivt 31 |
T EY0 UF B2 ARZI0| AQEICHH, MHEZ AMES O 2218 = Ut 6IE S
™ EXES 226t e ez o, 7 P\%E. b 7IAERIS FOIM Stel AR

[ZHALSES M5 0| 8

3) ZISAIXI0] =1F Ty

QX[ 2 MdofLfX| FES0| ZOHAIES A2fsin HiZ XEAH(XI0l| 7|1 Saoh=
oS =
=

LAO| AS 4 UCL ZS AHIXS2 LEPHRI ANHHIAIHRIE 510 27 1S SFR7LE
= ARo| 2 BAR MHoZ Mitet TI|E AIESIHA, YR REES THAIHX] At
UXZRE 2 SELS 4 AT TSR 270! FL0l= XHU0| et AKTVIE
SHALRIONA| & = UK[2E ZE CHE ZISAHIXIOIA| ZOHE 4~ QUCE 0 HrAlo] =
B 2= ARRI= J7HSSIRIZE TR Eots SaHME 7HSSICE T2 IS =712 2l
She 7| HRES HARICE 2lRiths A2 7IEXCE Foisly| 0 OfRiCt, [whath 0
& 72iE AEAE 4 U= MRS 2T TR AR FHo7E "aqHo|ct

2N F=2| Piclo E:LE”OI QICE O] Z2TRM2 22f0l T3 X7 EHZo= M 4
HIXFSO| &AIZH30R 7H)o=2 F0o| XHoX] YXAISS] M=ZES SiRlstn 1 Eof|
M MEHSI F7 |2 ARRE 4= Q| SH= UE2| 017t 7H2H(Peer to Peer, P2P)O|CL AEIE
& 7|21 Open Utiitydll 2isHM HMIZ=Zl= 0] S-S HARE UES Sol0 SSAIRL AH|

X2 OHRIAIZICE W= Q| Vandebron2 217 [Ht P2P 72l 221Z0 2 A X[ KALof|LAX|
LHAIRL AHIKISS HAAA 13 e 3d Thele] Mg AlIRkS 9| Sict

[¢]

bal
>

,.

W\

Hr& a2 2 35 &2l 207

==

0.
E
A



SHHOM= Ol2| Ml Z7HX| 210] SAl0ll ALEE 7+540] =L MUK MHE2 S
THARHXIE S510] EOHAIE Z(pool)oll ZH0fs7|= tl, SIHAIIXIE S50 Aol
ARt 21 72517 |= 5t Ofoll STHAIHAIE 7ARIK| B 21 AOfHoiAtEXIet
Helis | & 0|0t AX[0f= P2P HH2HE S510] 2 ZSAH[Xte H2isks R= 7t
SOITt 021 7l 2hAlof wabM IHHOLX] EHARSS] 22 HEXRAX|ZL 7|2He
2 izioll Hi2sh= o] 7Hdofl HisiA Z|HLT 2k Hi2shs 827t sS4

=
2 0] 2= Rolct,

2 2ol M =2fet A MEolILfX| HEQ| HISO| =0 X |H ZaiAlEe] 727t HopA| =1,

Ol= CHA| ADHALES| fZ2f QFHC| HaZ 0|01 Z{0|Ch 2F A7|e| Moz Tt

ol MSHo 2 OHS0|T U= HEI2 49| Bonbright] 2210[2k= ZI0|Ck 0] HE2

1961 J. Bonbrightol| 2loiM %12 Mo 2 UHE 0|20 a4 H Set F7 13 7|2 X1F
(@]

o312 5k Uk O] HAIS TSt 20| 204 4 Uk

—

THAKO{ILAX] O]Qlo| bt Iy |SL 0fxt5| 70| BiAlo 2 TOjAIRI0l| RtofsH=, XH S (effectiveness): THBIALC| EUXRHE 1L 2BHIE0| MEGH EXHEA0L S| 3

AOf|LAR|2] BERiZof| 2t EOHAIRIOIAIR] $1271240| 2 HISAS H Z10|Ch KHALO|IL == 7+ssior St
ARtz H5tE SZSt 4 QU= ARZICHol= 0§ O] 7H240] RIZ0f 77t 4Z0] & 2. ST (faimess): M2 CH2 AHIKIS A0 HIRS 2L LEF0{0F 5k, Hetst xt
T, K| 941 Ut 512 B |S0| 7HESHs AZHTHOS Ut S| ZS0jA] SHARA 0| glofof BiCt

o| HE =l Z40| = = .. - ey _ =
7|of HSHP} e ofiix| 7k=0] ECt, 3. &84 (efficiency): OlLIX|S| 8% 0|22 SXIEICE ANN S84S Ssict = 7t

20| 3AHISS

o=

02
Ol
dol

7|M Y7 |2 M X UTo| EL oS0l whatA FHEMY TH|Q| 2Lt 2F WAl
2 X{0|7} AS Xo|Ct HALHo| 7|A HES S| ElCHH 71A WHIIS0| T 71S

r

= 4. QP (stabilty): 4212} SHEFSS0| OH QFYEOICE 7IE AHIRISOIA leeiS e
22 ARZTHOI= HHEOHAIES 712401 HIZ7IK| Lt Xl ofm IRfio] SIS Hrey 25t 93 HISS HASRIC

501 015 W 272 QAR Z0ICk Blef §AI2] F0| 2 EEPH EIB, MO 5. THIY, SN $84, 4% 7ksY

Ofl ZHMOILAR| 17 FZ 0] 7 7| t20f 7HA 217 1S0] MORAR ol 7HS3HoF & 21

OIC, OFRIA| I, A0 ARZtS| F7| Aghto] BAIGO| L5t ARF X1 O OIS A 0f UHxi0l RO WEE X| 50| Kt  AROIAE OiFts| REsH
4 QT HITI0| RIXF2] WHO| A 7| FIIO| HHS 5P £, AOF ARZITHol= 2t o= QINET oLt 1 Sote] 7ia WHoE ML THSAS0| SEE BT Rt Mst
240 U HYOILIRIBIO 2 B3| 242 BFS S8 4 Wil Hl02, AOHRITHe & £l 7120| TRSICE 02 SOIM 20161 25 BTAHIARC| T4 SA2015)0l= Cf
HE01712{0] W2 £Z0M SXIE 20l St 20| HYE JESS kD ULt

-
ofo
40
Il

(32! 7-1-12] KHMolIx| 4t (cost causation): 222 A7 |SHAH |40t O}L|2} 7 |=0| T1AH|2(embedded

7|0} it 30| SE A2 cosi)o] SLROIS HixsHoF B},
olut _ _ - - -
;;% 2. 2H R4 (encourage outcomes): 22 Sot0 MUX| 224, MFESIKZ, Al

=
Ssi=y kM, 8BS, HBARNE U5 S iR 2F NS TRSU Yo

2 REslo Bt

3. M2 EHM (policy transparency): FERQIS HAIX0| 1 EHGIH, HEO| HU=H
oF ouxfsfot Bt

‘ R E ‘ 4, I (decision making): 222 £510] 21} AFEXI0l CisiA ZHECoZ 58

B =0 [piA] AJRIRIEIZ SISss MRS 714 ERIMo= Exislof Bict
| (P2P) / ACHEAIRIRS | |- 5. 2B 71R| (air value): AHIXIR} FRISIAE A5 ATHEIO| HIZEH AHIAC CH510 B

X5t 71XI2 XlZslot i,
S 6. 1ZH =Ml (customer orientation): AH|X} QAN ARM0|1 HE5l0 MEfO| OX|
| ( | 53 200 |- 71 Qlofok Bict,
THAOlILAX| 7 AP Ut M7 AR
P 27 State of New York(2015)

208 X[|&7HsEH DlHE fst ChSHRI= 2050 Of|LAX| THEf A A 51 B el 200



7. OIHAM (stability): SXi(dynamic)0|T Mwst 22| SIHIAME AHIXISC| 25 222 H|
WA QPY0|ofoF Bt

8. HM (access): MAS FIUAISC| AHIXIEE MV |29 BEHE £0 F= 0 22
XIE o8& 4~ QLofof STt

9. HTIY (gradualism): LSH|AIQ| HEIZ 216t 25t 2E Q10| O |=0{M= ¢ EICk.

Ofefol Halut ZASS O 3t AF| UBAZ V= +12 = UKL XEHS 2 UFA7|
7| ZHEtSt 0| OfL|Ct, O flshAt= 0121 OfGHEIAIRIS S| ASHS 435t L1455 S&5t
H SEHCZ QAATEE UE 4 U= HIFHIS0| BRSICt Eat 29 20| B2 ZUSS
2T SZEAPEHE LM Aol U2 HrSS SHE 4 U00F BiCh = 2H £AQ

|7
ET1S0| LOtOf it 7| WO 2 XFst HIB2 2 JHE AH|XIEC| T

|_n>:

Ir rr um
|.n
4]
mun
=)

Az 4~ A SHlsks 27K 71ssiRP | 2ol LE270IM 018 4~ U
N CIABHRICE 0155 XEs| 018310 212 HAISS Z[thet EZAIZ = U= REME
A7isHof ettt @M 252 S510 2l56li0F Sh= HISS2 Ozt 20| L0 & =~ Lk

() Eiof IS (@y/02%)

— JRp| Mx| ZE 212 S 12 Halo) == b8z Yikoz 17 of SxZolo
2 A=)

— mol EfOIN S HIZ

- F2 MY T

(@) St HIZ (2/kwW)

- D= S0l SEAF7| Pl 2R3t HIE,.
- SHiIT R20] PH5H= IS

- DEHE

- T H 0T AR ZI) AR=Eko] i,

— mRA00| 29 4 # ohjat A Tf EE MHIE 5

- 7*17#0|Ar%6ré TEEE 450 | Ao matt uig

= EUH7 P‘ HAOH w2k ADKEH S|Atl| HIZO0| 2HlsH= SER7t SabEl
— energy only FE0HA |0 M= Ti=dZko| H2i|

— capacity price?t = E0HAEOIM= T HHE SIS W
— ZEE HEMH|A (ancillary service) HIE

- aEER EE U2

() R MHIAO THE HIZ (R1/kWh, 2U/KW)
- R AT AISS ST HRiARIS FHIH| 9610 AREIS HE AHIA HIS

— MM oflAX] X A Soll AQEk= HIE

210 XI47HsS! ORKS st CHstale 2050 oflu{x] Kt

[33] 7-113] EU ADHAIE
23t 712t 2F Ciek
Zto| 2|

X2 ACER/CEER, 2016

Differentiation in retail
supply offers is greater in
markets with a longer
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Customer Class Reference Short Run Long Run
Bohi and Zimmerman(1984)(consensus) -0.2 -07
Dahl and Roman(2004) -0.23 —0.43
Residential Supawat(2000) —0.21 -0.98
Espey and Espey(2004) -0.35 -0.85
Bernstein and Griffin(2005) -0.24 -0.32
Bohi and Zimmerman(1984) 0 -0.26
Commercial
Bernstein and Griffin(2005) -0.21 -0.97
Bohi and Zimmerman(1984) -0.11 —3.26
Industrial Dahl and Roman(2004) -0.14 -0.56
Taylor(1977) —0.22 —1.63
All Dahl and Roman(2004) -0.14 —-0.32
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Day1 C—ITS services list

Hazardous location notifications:
—Slow or stationary vehicle(s) & traffic ahead warming;
—Road works warming;
—Weather conditions;
—Emergency brake light;
—Emergency vehicle approaching;
—other hazards
Signage applications:
—In—vehicle signage;
—In—vehicle speed limits;
—Signal violations/intersection safety;
—Traffic signal priority request by designated vehicles;
—Green light optimal speed advisory;
—Probe vehicle data;
—Shockwave damping(falls under European Telecommunication
Standards Institute(ETSI) category ‘local hazard warning’).

Day1.5 C—ITS services list

—Information on fueling & charging stations for alternative fuel vehicles;
—Vulnerable road user protection;
—On street parking management & information;
—Off street parking information;
—Park & ride information;
—Connected & cooperative navigation into and out of the city (first and last mile, parking,
route advice, coordinated traffic lights);
—Traffic information & smart routing.
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Xt=: European Commission,
2016. A European strategy
on Cooperative Inteligent
Transport Systems,

a milestone towards
cooperative, connected and
automated mobility
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Thermal
performance Highest High Moderate Low Applications/Comments
level
Thermal
conductivity 0 0.01 0.02 0.03 0.04 0.05
(W/mk)
Vacuum Research underway in EU and North America to
. embed VIPs in EPS or XPS as part of EIFS systems
insulated . ) . . .
panel(VIP) with adhesives to avoid f_astener penetrations. High
material cost.
For highly constrained space and thermal bridges,
P ;uch ag stud f:aps. Case studies underway for interior
installations with wall board to reduce labour and offer
lower systems level cost. High material cost.
Wide applications for value—added performance
with space limitations. Roof decking, cathedral roof
Polyurethane .
structures, wall cladding, SIPS, basement, slab edge,
boards and . ) §
iy and spray fgam for‘cavmes glso offgrs air sealing
benefits. Higher price premiums with many cost
effective applications.
Wide applications for value—added performance with
Extruded space limitations. Roof decking, wall cladding, SIPS,
polystyrene basement, slab edge, and also offers air sealing
(XPS) benefits. Moderate price premiums with many cost
effective applications.

Expanded Wall cladding and a dominant choice for EIFS,
polystyrene SIPS, ICFs, and interior applications. Moderate price
(EPS) premiums with many cost effective applications.

Widely used as cavity insulation alone or with spray
foam(“flash and bait”) to offer more affordable but
Glass fiber sealed applications. Used in attics with less space
constrained applications, generally lower cost and
lower performing applications.
Used as a cavity and in attics with less space
Stone fiber constrained applications, generally lower cost and
lower performing applications.
Used as cavity and in attics with less space
constrained applications, generally lower cost and
Cellulose lower performing applications. New formulations
doped with phase change material and passed fire
rating tests but has very limited market.
mi?ig:]i' Variety of g.ene_rally Iqwer cogt arjd lower
g s performing insulation applications.

[& 8-2] TiEM ER, dsat 8
Z=: EIFS= exterior insulation finish systems; SIPs=structural insulated panels; ICFs=insulated concrete forms; PCM=phase change
material. W/mk=watts per metre Kelvin. Thermal conductivity testing can be complex and involves many technical considerations
that are beyond the scope of this road, such as radiation within material cell structures and “apparent thermal conductivity” as

determined in accordance with several ASTM test standards.

Xt&: Adapted form ETS(Energy Savings Trust)(2010), “

CE71, London.
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