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* The Next Energy Transition(IIASA, 2013): 21 M| 7| 9] AF3|7} XI® 3t 1| 71K £ o4 X| 2H|Q BHH MM, 7|
H3} ]S, 2 G &3 oL K| OH= o) T S5617| HlB}od.

4ok

0l %

rir

+ The German Energiewende(Craig Morris et. Al. 2016): O] | X| H &3l E &2 £0|
A - Fighting climate change (7| 2 [ 2)

B - Reducing energy imports (= X Z)

C - Stimulating technology innovation and the green economy (7| &8 M1} M ZX)

D - Reducing and eliminating the risks of nuclear power (2 X2 2|8 X Z)

E - Energy security (0f] L{X] Ot 1)

F - Strengthening local economies and providing social justice (X| 2 X Z&}et Al3|H 2| H|Z)

* PERSPECTIVES FOR THE ENERGY TRANSITION(OECD/IEA and IRENA, 2017): Of| L{ K| F2t2 A7} A QL S AHE S
St St Ao YRt 0 2 RE| HSAKO|H, X| £ 7150 A WO LiX| 22| LXK SF& S HAHA7|= A0,
SA 0| oflLfX| Bt 2 &S E0|= A0|CE.

 fELiE U T SH:1)7|SHS NG, 2)#E B 2|28, 3) AN BE, 90X AL, )AL, 2

w

2. OECD/IEA and IRENA Of| L X| X3t A|L}2| @
IEA/IRENA I 2| ¥ OF 2 5 T/d 23 T of 4t
66%, 2°C Scenario Carbon budget(the cumulative amount of C02
emitted over a given timeframe)

Table ES.1 ¢ Energy sector CO, budget in the decarbonisation scenarios developed by the IEA and IRENA

in this study
Total CO; 880
Industry processes -90
Land use, land- use change and forestry 0
Energy sector COz budget 790
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IEAQ| 66%, 2°C A|L}2| 29| oL X| &2
NDCs 7|t A|L}2| 291 NPS HC} BN Ztolel Az HA|,
20504 20154 H{ZE £=F0| 1/3 +F,
0|5 ¢l3 =&, Mdoux|, CCS, Az A, | 70f

Figure ES.1 » Global emissions abatement by technology and region in the 66% 2°C Scenario relative to
the New Policies Scenario

Technologies Regions

& 0 w0
o New Policies Scenario Efficiency " 8
© o

30 ........................................... Renewﬂbles ....... . Yurrsees 30

mCcs
20 MFuel switching ol e 20
T 1 W Nuclear
10 WOther e 10
0 ¢ v T T "
2010 2020 2030 2040 2050 2050

Note: The New Policies Scenario reflects the implications for the energy sector of the NDCs of the Paris Agreement.

Key message * G20 countries provide almost three-quarters of the emissions reductions in 2050 between
the 66% 2°C and New Policies Scenarios.

5
0| 66%, 2°C A|LtE| 29| £Xt 2
IEA9| 66%, 2°C A|L}2 EX
aHB 0o g AXO| E =
SERE2 Y +EO EXI2 7150otLt
AQHBO|ETL= & AX0
+QREO EX= ¥ +E0| 108 HE SO{LIOFE
Figure ES.2  Average annual global energy supply- and demand-side investment in the 66% 2°C Scenario
Energy supply Energy demand
—~ 3000
2 WT&D
o
":' 2500 Other low-carbon . ,,,,,,
% Renewables
o WFossilfuels e e e
2 2000 =
MRenewablesin
buildings
EVs and fuel
switching
M industry CCS and
WEfficiency
2015 201620 202130 2031-40 204150 2015 201620 2021-30 2031-40 204150
Note: T&D = transmission and distribution; EVs = electric vehicles; CCS = carbon capture and storage.
Key message ¢ The level of supply-side investment remains broadly constant, but shifts away from fossil
fuels. Demand-side investment in efficiency and low-carbon technologies ramps up to almost
USD 3 trillion in the 2040s.
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Figure ES.3 » Trends for selected key indicators in the 66% 2°C Scenario

Fuel expenditure per household Pollutant emissions
1,200 100

UsD (2015)
—-

T

today 2050
Transport Biofuels M Electricity M Fossil fuels W2015 W2050

Residential | Bioenergy I Electricityand heat M Fossil fuels

Key message ¢ The transition to a low-carbon energy sector could help achieve other key energy policy
goals, such as reducing air pollution and household fuel expenditures.
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Figure ES1. In under 20 years, the global energy-related CO, emissions budget to keep warming
below 2°C would be exhausted
Cumulative energy-related CO; emissions and emissions gap, 2015-2050 (Gt CO;)
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Figure 2. Renewable energy and energy efficiency can provide over 90% of the reduction in
energy-related CO, emissions

Annual energy-related CO; emissions and reductions, 2015-2050 (Gt/yr)
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Figure 3. The global share of renewable energy would need to increase to two-thirds and TPES
would need to remain flat over the period to 2050

TPES and the share of renewable and non-renewable energy under the Reference and
REmap cases, 2015-2050 (EJ/yr)

Total primary energy supply (EJ/yr)

800
TPES increases Accelerated deployment
700 40% by 2050 of renewables and
under current energy efficiency result
600 and planned in 30% decline in
polces \ TPES
500

400

300

I Renewable
I Non-renewable

2015 2050 2050
Reference Case \———— REmap Case —

Al 2. ofqx|IXE 2ol 2 o x| JE JHSadl 33




Remap0j ;2| & A
51 50]L47| 48]9] ao%, 20| 85%= KAL01LIx), HAHOILIx] 8] = 16,5206
R0l 0% AIF01L{F2 A4, LIOT aowis HE, 23, 42 £E014 At

Figure 4. The rising importance of electricity derived from renewable energy
Share of electricity in total final energy consumption (PJ/yr), electricity generation mix
(TWh/yr), and renewable capacity developments (GW), REmap Case, 2015-2050

Total final energy consumption (PJ/yr) Electricity generation (TWh/yr) power y (GW)
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Figure 5. Significant improvements in energy intensity are needed and the share of renewable
energy must rise

Energy intensity improvement rate (%/yr) and renewable energy share in TFEC (%),
Reference and REmap cases, 2015-2050

Energy intensity improvements (%/yr) Renewables share in TFEC (%)
30 80

25 Q2.8+ n 65%

® . -

20 - - | __;
Contribution to
15 18% 40 —_— percentage
renewables share in
10 30 25% TFEC by sector
20 1 8°/o ; B Transport
05 e Industry and
10 - Buildl%'sa
0 Electricity
2000-2010  2010-2015 ~ 2015-2050 = 2015-2050 2015 2050 2050
Reference ~ REmap Reference R
Case — \— Case —/ Case —\— caE"s? —/

34 2018 OHARIMBEY 2t H7|HY o HRIE, oA FHIZIO ULE?



Remap?| StMAHF AH| HY

20501471 X| AMEF85%, MS 70%, 7}A 30% ZtA(ZHA = 2017'd 1] 3)

Fossil fuel use (left, PJ/yr), 2015-2050; decline in fossil fuel use by sector - REmap Case relative to Reference Case
Demand decline in 2050 (EJ)
200

Figure 7. The declining importance of fossil fuels

Energy-related fossil fuel demand (EJ)
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Note: Figure includes only fossil fuel use for energy and excludes non-energy use. 13
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Table 1. Key Indicators relevant to the energy transition In selected countries (REmap Case)
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Figure 6. Renewable energy should be scaled up to meet power, heat and transport needs
Use of renewable and fossil energy in electricity generation, buildings and industry, and
transport - Reference and REmap cases, 2015-2050 (TWh/yr or PJ/yr)
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Note. Since 3.6 PJ equals 1 TWh, the axis for electricity consumption on the left is scaled to match the values of the other two

figures, making comparison possible.
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Figure 12. The Increasing use of electricity In buldings and the deciine of fossl fuls

9y by source (Pifyr)
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Modern renewable energy In the bullding sector needs to

Increase significantly. Up to three-quarters of energy consumption
In bulldings could be supplied by renewables. Electricity will
supply almost 56% of the sector’s energy demand.

Figure 11. Infographic Bulldings
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By 2050 renewable energy use In Industry needs to grow by more
than four times. Blomass and renewable electrification will have
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Figure 15. The rising importance of solar and wind energy in the power sector
Breakdown of electricity generation, by source (TWh/yr)
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Gross power generation will almost double with renewable
energy providing 85% of electricity.
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Figure 17. Investment will need to shift to renewable energy and energy efficiency
Cumuiative investment - Reference and REmap cases, 2015-2050 (USD trillon)

REmap Case energy sector Investments
between 2015-50 (USD trillion)

Power grids and fexbilty, 18
Fossllfuals; 223

(CCS&others 0.5

120

USD trillion

Under the REmap Case, cumulative Investment of USD 120 trillion
must be made between 2015 and 2050 In low-carbon technologles,
averaging around 2.0% of global GDP per year.

AR™OZ 0|2,

Figure 18. Reduced negative externalities far outwelgh the costs of the energy transition
Annual costs of the energy transition set against reduced externalities (air poliution and
€0, damage) - REmap Case compared to the Reference Case, 2050 (USD trillion)

Externalities
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»

Benefts from reduced Costs Net benents
externaiities USD 1.7 trillion USD 4.6 trillion
USD 6.3 trillion

Under the REmap Case, annual health and CO, benefits
assoclated with the energy transition outwelgh incremental costs
by 2to 5 times In 2050.
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Figure 20. The energy transition results In GDP growth higher than the Reference Case
between 2018 and 2050

Relative difference of global GDP between the REmap Case and the Reference Case,
2018-2050

% difference in GDP from Reference Case
15
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B Changes in trade Changes in consumer expenditure due to tax ratechanges  ——  Change in GDP
Indirect and induced effects B Changes in investment
21
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Figure 22. The energy transition would generate over 11 million additional energy sector jobs
by 2050
Employment in the overall energy sector, 2016, 2030 and 2050 (million jobs)
Million jobs
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80 116 765
Grid Enhancement™*
I Energy Efficiency
N Renewables
I Fossil Fuels™*
I Nuclear
2016 - Estimate* 2030 2030 2050 2050
Reference REmap Reference REmap
Case \— Case —/ Case | o R )
* Estimates for jobs in energy efficiency and grid enhancement are not available for 2016.
The |obs in grid enhancement make reference to the jobs for T&D grids and Energy Flexibility, created in the
and ¢ of infrastructure to enable the integration of RES into the grid.
*** Includes all jobs in the fossil fuel industry including in their extraction, processing and consumption. 22
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Flgure 23. The energy transition would generate 14 million additional Jobs In renewable
energy by 2050

Renewable energy employment by technology (million jobs)
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Figure ES3. Obtaining the socio-economic footprint from a given combination of an energy
transition roadmap and a socio-economic system structure and outlook.

Energy transition
roadmap

Socio-economic
Energy-economy- footprint

Socio-economic environment Welfare
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Flgure 30. Planning for the global energy transformation
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Is the Energy policies could be
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Planning for the energy transition requires
fundamental shifts in policies, investments, planning
processes, attitudes and behaviour.
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MNA EZ2 MA 7|F(Koplow, D., 2009)
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(The new climate economy, 2015)

Fossil fuel subsidies as a percentage of GDP by region
US$ billions (nominal)
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Note: see Annex 2 for international estimates of main subsidies for fossil fuels.
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Unit: Real 2016 million USD

HA 2tMlz Bxg

FMI(IEA)

2014 2015 2016
Total All Products 454,824 309,179 261,933
Total Qil 244,998 138,637 104,857
Electricity 117,512 98,996 106,509
Natural Gas 91,030 70,351 48,787
Coal 1,284 1,195 1,780
Korea Qil =
Electricity - -
Gas =
Coal 1884 154.2 1508
Total 188.4 154.2 150.8
31
HO =1 X
MA AL x] 2E BZF FAH(IMF)
6000 Pre-tax and Post-tax Energy Subsidies, 2011-15
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Yearly Payment of Settlement ltems in 2016

59} 29, #/kwh] [Unit: One Hundred Million Won , Won/kwh]
SEP con COFF TPCP AsP RPS Others TOTAL UPs UPSER
U Nudesr | 92.238 17 1] 10841 1591 | 104789 | 67.91| 67.91
QUEH Faming coal | 124,935 174 | 3.080] 1459 109 | 8226 | 4632155747 | 7805| 7393
DAEF Antheacts 5.429 3 205 586 3 15| 6272| 8870 | 8870
ING 68275 | 21338 1.544] 19,070 186 836 715 | 111964 | 10013 | 9939
g2 0 8167 | 3.0% 331 2802 21 78 | 14495 | 109.15| 109.15
04 Pumped-storage [ 2,112 896 m 673 50 o| 3842 10621 10621
A fuel cell 856 - 338 o| 1.195| 10662 7646
1GCC 227 0 227 7601 | 76M
E{QE Photovolisic | 1,388 2241 -| 3629| 20083| 7681
B2 Wind Power 1.386 -| 138| s8280| 8280
28 ryoro 1.956 131 197 37 2321 8419| 8419
HLO|LHZ| Ocean 375 - - - 375 | 7569 | 7569
B10]27pA sioga: 242 - - 170 - a12| 12832 7542
O{Z7HA Land il Gas 181 - - 181 7615|7615
H10|27|E} sio etc. 676 - [ 676 | 7660 | 76.60
SUTA off-Gas 7.057 1962 | 9019 9728 9728
B7HA Waste Gas 51 s1| 7591 7591
7|2 waste 319 = 319| 7581 7581
|} others 185 - - - 185 7486 | 74386
#7 Total 316055 | 25.786 | 5.272 | 48.760 407 | 11811 8994417085 8190 | 7959
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Yearly Payment of Settlement ltems in 2016

(91 A, 24/kwh] [Unit: One Hundred Million Won . Won/kwh]
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SEP CON COFF TPCP ASP RPS Otherz TOTAL UPS UPSER
HAHE Nuclear 92.238 17 1 10.841 = = 1.591 | 104,789 67.91 67.91
S HE Flaming Coal | 124,935 174 3.080 14,590 109 8,226 4,632 | 155,747 78.05 7393
S HEL Anthracite 5.429 34 205 586 3 = 15 6.272 88.70 88.70
LNG 68.275 21,338 1.544 19.070 186 836 715 | 111,964 100.13 99.39
[-1-4.T} 8.167 3.096 331 2,802 21 . 78 14,495 109.15 109.15
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AEO2014 projections of power sector CO; emissions in five cases
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siMeg HXZ

HHT NSRS AMOLIX| Tk
(] H 5393 AABANE A A 4HE Serel - wora)
T8 A | 20144 | 20154 | 2016 | 20174 | 20181
A 4283422 | 842,101 | 848,472 | 840,783 | 806,598 | 945,468
AR A of L X[ &1 Al D | =1 gt 1,005,422 | 224,291 | 213,125 | 216,288 | 203,777 | 207,941
ALY A0l L4 K| 9124 26 A 10921 | 10,921
AR Aol A x| At | & 7 | B
(M2 Exat2ol=x|2) 14,651 3,480 3,200 2,568 3,000 2,403
Eff k2t ™ H Z X[ & 21,420 21,420
AR A of L] X| 92X x|l X| 2 1,890,800 | 336,000 | 369,200 | 402,100 | 403,000 | 380,500
AR A of L X| & X} 607,400 | 128,400 | 135,000 | 100,000 88,000 | 156,000
MY Mol X 2 Z 631,062 | 112,000 | 118,358 | 110,704 | 100,000 | 190,000
FEtA MK S A SSICX| 15 19,512 1,000 5,000 4,594 4 594 4,324
AR A of| LA X[ A Bl 2| RIS X/ 21,734 4500 4500 4,440 4147 4147
M MdsH 500 89 89 89 80 153
[ A2 5397 RPSAIA &
T& 2014 2015 2016 2017 2018
O| ZH|Z(%) 3 3 35 4 5
RPS 2| 2ZHREC) 12,905,431 | 13,838,637 | 16,969,697 | 18,974,709 | 23,691,753
RPS o|&l Al M (REC) 10,078,351 12,473,717 | 15,355,621 17,625,548 -
HAMH () 6,591 10,421 13,074 ME F -
REC7}2 (%/REC)" 102,058 92,889 142650 | 128585 | 110,301
« M7UE BXMH|2 ;18 78 ALHSIE of &
«» REC7t4 : Ef&/H|Ef k2 J1A etAt "Wt
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