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Fig. 1. Public Opinion on Nuclear
Facilities (2008~2015)
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Table 1. Organization of NEC Members

Position # Eligibility

Chair 1 | President

Vice-Chair 1 | Prime Minister

z Official 6 | Related Ministers

% I?]nergy eXC{)erts app;)igted by

o . the president (including 5

% | Appointed | 17 recom?nended (by er;gergy
related NGOs)

Total 25
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Fig. 2. The 1* MPNE establishment Processes
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Cabinet
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Notes:

Korea Energy Economics Inst.
Fig. 3. The 2" MPNE establishment Processes
Al 1A 7] -5 NEC = vl e A&7 18] (NEECs) o, ZAde= 1ET

= 29
2-313 9 Al AR7ph Fojshs 309 P amoR P, gl w1 3] B, W
2 A 55 woke] oluA NGO & 2Ed b AW oS FREl.

‘o .
l

H o =
S e e old Avle] teli Aol oe] 97 & oluAAAAT] £ @
AT 2ohe HAshs e wekd Wolekn FAW, olo] 2 & HY| oA ARE A
BEAL wol) Al cAd BA3 WANARE GP WG & PAsl Ay i ksl
deste] AA@ olUAnAE Auste] /W 2 wlASES @ik, olgh gol ouA
|50 AT el 7t A% Fohsta 9

32. A48 AFT FA AU

= dxE 9 s (LR ARC)oF Aol (hoke]; NSO dA 22 S v
2 Hol 2011 10 Eoll Ea ol wal kel = tE#H sy o] HATH, o]
g otdS wAsy] Qg AL 5HAALS Wty Ye) 1ARA Aaoks FE3 Zlo]
g} 2013 39 Aokl AR F2E2AH AAHAA F5F FE sk 7l#o 2 AsHEHAT.

Table 2. Organization of the AEC and NSC

AEC NSC
Affilia |Prime Minister . .
tion (PM) Prime Minister
Memb |9~ 11members 9 members including
ers including the Chair | the Chair
. . . Recommended by PM,
Chair |Prime Minister Appointed by President, Government

Memb |Official: 4 Ministers | Appointed by President,
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er Appointed: 6, by recommended by
Appoi |President, Chair’s Chair (4), National

ntment [recommendation Assembly (4)

ga] 22 oZlo] AAebdnT A5 9o £ Aol wat), [6,7,8]

ABC 7 A AFE I NC L AL A el AL g2 2o ol
A wHEIL AAALAS FADTA, A4 obdol dw Adglel AL L9
FFE s T dus dies & F Ao adu ofdl mele Al wae HdE
A3 AEAHE ol Aeldl Addts A4S vgoR o

E 3 v, mata QR 0 sjue] A lgko] 7b Fuk (H0S)el ekt b, @R g
HEek 6 M= A a2 BoFr. oz gtAl 7)ol HOS o &% HAavt gles
HEd 9%, xgs 9 uE ARise AHRANL b gl £ 2400 o

AR7L 27} 948 AL ngst 499 FAsY. |
A2 Au) A7} By

A2 e P gk BANA FY AL Y5 A 9 FHstn Uk,
o

AAFALARE sl Al Ao S AP ESIN A=) LUr'j/‘r T ook &, o
HOAISX(2)Fols FodsE o ado] HAE Y

Table 3. The Status of Nuclear Regulatory Bodies

Country Name Affiliation Status
Korea NSC Prime minister, independent
USA*" NRC President, independent
France* ASN Prime minister, independent
Japan* NSC Prime minister, independent
Canada* CNSC Prime minister, independent
U.K ONR Dept. for Work & Pension
Sweden SSM Ministry of Environment
Spain NSC National Assembly,
independent
Russia RTN Ministry of Natural
Resources & Environment
China NNSA CAEA™?Y

Note: 1) Regulatory body of * countries are under the HOS.
2) China Atomic Energy Authority.
3) NNSA reports directly to the State Council

o U] A AL Fl 3 A 7R A Aol i= NSC 32A] 2014-11, 'REIAR =H] w4 "o whe} 24
WAl A g7 o8k 71 W 1A (Radiation Environmental Impact Assessment Report; REIAR)Z}
grelofof @bk, B aLAl 5(8)Fi= REIAR o 99 od& 3, FrF ¢ wkdsles Akl

AgAd E 7= e 713 A 22 dEsks Ak Al sl
7t & Ao FA AH Az 29 4o YERRAH.

é

2016 W79 25 doj Wy
+4e @x}p_u} A Ao

ol [N

@ Exclude @ Public —~ . o
inadequate || Site [»] @ gasm Site
sites Solicitation MINEY

® In-depth @ Confirm
® FS'RZI'ZE o Site [4—| Residents’
Investigation Opinion

Figure 4. High-Level Waste Repository Site Selection Procedure
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Francz is integrated in the
European grid : net exporter of
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Nuclear and Renewable :

J Renewable: intermittent supply
U Nuclear energy: base-load supply

B Reduction by 2030 of the use of fossil resources by 30% and of GHG by 0%,
and halve the overall energy consumption in 2050 compared to 2012 level,

B Capping the installed nuclear capacity to the current level (63 G\Ve), and decrease
the share of nuclear electricity from 75% to 50% by 2025.

B Establishment of a Multi Annual Energy Plan (MEP), revised every 5 years,
that sets the evalution of Enargy mix.

B Addtionally : EPR in Flamanville will be achieved, closed MOX fuel cycle is

confirmed, CIGEO (deep geological repository) s confirmed.
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Instabil ity in the Middle East Geopolitics of the Shale Revolution: Strategic
am ajor risk to oil markets Positioning of il / Gas exporters and importers.
i i 100% -, ’ "
i T Stat:sll g;z::lca“:'r‘aglzl‘):tt:e o |EA data b'g Net gas importer, net oil exporter Net gas and oil importer japan andmea * 2013
3 3 0% » % * 2000
mb/d+15 o A
Increase to 2040: 14 mb/d 60% - European Union ¢
. it 4
+10 Middle East 0% e Chiﬂ;‘v
20% * India
+5 ¥ *
5 it &
!l!!ll! Biazil ®  Viddie East ¥ 7.4
S Pe United States _,+*
Canada ‘“ ASEAN
Russia ¢
decline in output from ot d e "‘. ‘
Net decline in output from other producers
s 0% | Caspian | Afriea '"”"“‘:‘,‘ IEA data
2014 2020 2030 2040 o
-80% - !
The short-t picture of a well-supplied market should not obscure future risks as 100% Net gas and oil exporter @ Net gas exporter, net oil importer
demand rises to 103 mb/d & reliance grows on Iraq & the rest of the Middle East 100% -80% -60% -40% -20% 0% 20% 40% 60% 80% 100%

oil
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France keeps heading fixed by the European Climate-Energy Package in 2020
B Reduction by 2030 of the use of fossil resources by 30% and of GHG by 40%,
Reduction by 20% Reduction by 20% With a 20% share
of the consumption of GHG of ble energy and halve the overall energy consumption in 2050 compared to 2012 level.
of primary energy (compared to 1990) in the energy mix
| ' France is integrated in the B Capping the installed nuclear capacity to the current level (63 GWe), and decrease
European grid : net exporter of "
elactricity (65 TWh in 2014). the share of nuclear electricity from 75% to 50% by 2025.
— Nuclear and Renewable : — mm o 0 . . .
\ j B Establishment of a Multi Annual Energy Plan (MEP), revised every 5 years,
U Renewable: intermittent supply . .
O Nuclear energy: base-load supply W, that sets the evolution of Energy mix.
P 2 g = B Additionally : EPR in Flamanville will be achieved, closed MOX fuel cycle is

confirmed, CIGEQ (deep geological repository) is confirmed.
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U.S. DEPARTMENT OF

7] -
YWENERGY Nuclear Power: A Sustainable Clean
Nuclear Energy Power Source

“To meet our emissions reduction targets and avoid the worst effects of climate
change, we need fo dramatically reduce power sector emissions. Switching from
coal to natural gas is already reducing the U.S. carbon footprint, but it’s not
enough to get the deep CO, cuts envisioned in the President’s Climate Action
Plan. Reducing emissions by 80% will likely require the complete
decarbonization of the power sector.. ..

We know nuclear can provide 24-
hour baseload power, because it
already does. Worldwide, nuclear
power produces more energy than
hydro, solar, wind, and
geothermal power combined.

The bottom line is that to achieve
the pace and scale of worldwide
carbon reductions needed to
avoid climate change, nuclear

must play a role.”

Secretary Moniz
COP21, Paris 2015

Japan’s power system: moving to a
more diverse & sustainable mix

WEO2014
Japan electricity generation by source and CO2 intensity
= 1.2 - 600 < I R b
% historical projected = EREWRTES
=
= Nucl
-?61_0 - 5009 uclear
3 % m oil
2
= 0.8 - 400 { e
5 L. 556 H Coal
== CO, electricity
200 emissions intensity
(right axis)

1990 2000 2010 2020 2030 2040

With nuclear plants expected to restart & increased use of renewables,
Japan’s electricity mix becomes much more diversified by 2040
{ Renewables 32%, Nuclear 21%, gas 23%, coal 22% )
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Expansion of RES in Germany

g B AR,
>1.500.000 plants

~ 30,000 plants >200.000 plants
@® wind

photovoltaics Area proportional to installed capacity
0 biomass Source SOHertz. TennaT, Amprion, TransnetBW, Google Earth

Johannes Henkel / 50Hertz Transmission / Grid Challanges with Increased Renewables

SIXH2| EU CO2 Emission ¢ & HIES| 4k > =28

Live CO2 emissions of the European
electricity consumption

prl 4, 2017 208 PM UTC

Country Ranking

Norway | Austria
Sweden M Portugal
France B Bulgaria
Spain Latvia
Finland M Slovakia
Switzerland B Romania
Belgium Denmark

Great Britain
Hungary

u o Ireland
i snare 0 (W Tweet

[ |
=
|
-
e

Northem Irela...
Lithuania — Greece
Slovenia - Poland

Show ranking
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Collaboration of Renewables and Fossil Planis

Renewable Energy < > Fossil Power Plant

‘ =3

Unpredictable
Ouitpuer I Load Demand |

I Output by Renewables I

Back-up Power
Is necessary to
compensate!

Power
Demand-Supply Gap ]

Time

==9| O]2 o|L4X| Mix Scenario

The Energy Production Scenarios Severe Pollution
Forecast of CO, emission from different countries
= Renewable

= Nuclear

== Hydro

— | CING

(Unit: 10°t tce)

=3 0i

== Coal

~—— Primary energy

2010 2020

Except to speed up the development of nuclear and
renewable energy
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Status of nuclear power programmes, end-2013

o(IEA 2104 & E)

Europe
| Albania W France M Slovak Rep.
o Ml Austria [| FYR Macedonia [0 Slovenia
25" T W Belarus ™ Germany Spain

Belgium W Ireland Sweden S -
1 Bulgaria L tithuania W switzerland 2
Croatia Netherlands [l United Kingdond®
o -*‘» Czech Rep. [ Poland a

‘fz/"q"r( = M Finland & Romania

Total capacity (GW)

Existing: i}

Sri Lanka
Under construction:

Nuclear Power:

M Current users: new plants
under construction

Current users: No new
plants under construction

M First plant(s)
under construction
_| Considering introduction
W Phasing out
| Prohibited

Middle East
1 tran

“| Jordan i
_| Saudi Arabia _——

M United Arab Emirates

New Zealand

This map is without prejudice to the status of or sovereignty over arly territory, to the

trontiers and fes, and 1o the namie of any territory, city ar area.

AXIHO| AM2|H 80| §ixf 0j2 LIS
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Nuclear power: public concerns
must be heard and addressed weozom

Retirements of nuclear power capacity Spent nuclear fuel
1990-2040 1971-2040: 705 thousand tonnes
1990 2000 2010 2013 2020 2030 2040

European
Union

150 38% of today’s
capacity to retire
by 2040
z
© 200

W European Union M United States W Japan Others

Key public concerns include plant operation, dec issioning & waste gey %ﬁ%

By 2040, ali t 200 1 til
¥ 2040, almost 200 reocl oL o FShent fuel doubles

IFO|| CHEE AIS|H =829| =2 IssueE

Key public considerations for nuclear power

Potential concerns Potential benefits

General * Competence and independence of * Reduction of CO, emissions and other
regulatory regime air pollutants
* Proliferation of nuclear weapons * Boost energy self-sufficiency
* Long-term disposition of high-level * Increase balance of payments

radioactive waste

* Adequacy and availability of funds for
waste disposal, plant decommissioning

Local/regional e Radioactive contamination * Employment opportunities
e Public/worker health and safety * Income growth
* Environmental impact and site * Public infrastructure availability (roads,
restoration lighting, power, health and education)
* Restricted land use or loss of land * [ncreased tax revenue
= Visual amenity and noise * Economic stimulus

* Decreased property value

* Increased traffic

* Impact on local communities, in some
places indigenous
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14:46, 11 March 2011
Great East Japan Earthquake

Loss of off-site power, all operating reactors
automatically shut down .
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Argonne National Laboratory

ransuranic disposal issues
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1) Pros and cons of restarting Units 3 &4 of Takahama NPP and Units 1
&2 of Sendai NPP -Two district courts hand down opposite rulings- Nuke
Info Tokyo No.166

(Yukio YAMAGUCHI, Co-director of CNIC)
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1) Court issues surprise injunction to halt Takahama nuclear reactors

BY ERIC JOHNSTON

( Japan Times, 2016 3 9)
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1) Anti-nuclear novice wins Niigata election, blow to nuclear restarts

NIIGATA--
(OFA}3] AR, 2016 10 17)
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1) Japan nuke-free for first time since '70
Tomari unit shut down but drive already on to restart Oi plant
KYODO

. but the public remains wary, stung by one of the world’s worst nuclear
crises.

A nationwide poll of 1,019 people conducted by Kyodo News from April 28
to 29 found that 59.5 percent of respondents oppose firing up the two
reactors, while 26.7 percent are in favor.

( Japan Times 2012 5 6)
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1) Court overturns injunction on Takahama nuclear plant
(oFAFs] A2 2017 3 28)
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2) Court Approves Restart of Takahama Reactors
(NHK World 2017 3 28)
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3) Takahama reactors may soon restart after court overturns injunction
BY ERIC JOHNSTON
STAFF WRITER

(Japan Times 2017 3 28)
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1) Pickering, Ontario nuclear power plant approved to continue
operating after 2020

( January 12, 2016 by Canadian Underwriter)

2) [] Report] AAI4Y 30 @7 iUt €94, AlS ot 7HS

ALY oA~ A uRUASE e Yolud S s%stew Alzte] A3
o] “dilo] st T 29HI tks A WA HRISo] =Y Bfst
T dgsteis A4l ko] Bastcy n W (AR 2015 2 11)

©
24
i

=2
% 7|AF QA
Bnz wisol ST BUMOF A5 52 BE MRS B N
£t 29 AESVNE Bz A|F W A[QAR]e) &S] AF6le Aat
d OWY BYUE Am2 AL A4LH O A A 19

= o = i
= 600719] ArdANsH7E A= Yol A o)A A stAE Ao
#HQ Z7EA] ety Cofd 19k V)=o) ZbE ARehe Bashta it
As7te T Wgolle jidists FRIolu SA7E AAEAl Al 2ol
oS AAlst Aog 4 Qo

=9 adfsteial g2 ¥R gao] a7re] wao] thstel ulwetn Qo Ajeisiop
ah wrarol TSt ARMQLS APAISHA AlESH 714k,

1) Nuclear power plant safety inspections hit and miss, watchdog says
Julie Gelfand slams sloppy record keeping, mismanaged tracking by
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Canada's nuclear regulator

(CBC news 2016 10 4)

olUTh 873 A47F5EA 998 AU GelfandW 7t Ffct A T2|7E b
§ ZRo)A Wolsds ¢ie’ HER AP} wokn AN,

Alucte] 4320] Ao YIS F1 AAS she AU ARl As) A
Bt Fue At B AEIER Pl i E RS Al

ol
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1. Trans -Science9] AJtj

Alvin M. Weinberg - “Science and Trans-Science” - Minerva 10 (1972);
209-22

o WEHOE AL AW 1 P weto] o5 A & gk 7% AR 2
Ag EA~ w3t} A%,

ol2idt ZuEtd WASL 9o ABle omA AL YTk MR e 7129 o
3t 9120l ofFA L Rl HeAN

o] 204 92t UH LYol el BAL AUl Gelo] A5tn TFad 718
q 22 wstdozg Qo AN & gk Aol F 2 Wol P ANT £ 9

m

2.
2. Trans-Journalism®] A|Tj
AP EA] BZof TOXX] Qku AP l 272 ZAsHA sk Editorial
Journalism®@] AHxR7} 7}9$ﬂi don ™ FAIE 9 ol wsre]l FA|7F of
Ya xleizelat Qv AlRle) ZAshrt meleestsoly WEstse) sl o4
0o g £&r]ojof Sttk= Trans-science? P U9 owg Zolstal Qg
olplzt  Aedze] e JlEel  AdeE  @ee  xdd  u
Trans-Journalismo|2ty 2& 4~ 912

o] #3t A9 QA W= gh=o] TP Ale] M e 72 Aol AF

7F. dAIRHWatchdog)o] HZojA A4 ¥4t Yoz Aes

DAIGAIEA 7AF 9 gaake) BE 1%
Haramol Ao 19964 3Y 31UHE 20174 3Y 31U7EK] WAF LA olate A

- 106 -



Mojg Ate s]Ate] 2k 38707100 ‘UHMHA oz AMol 2 Ae J|Ab: 27703

o]
o -

SAAEY] 7L 1996 39 31RE 20179 3¥ 31Y7HA] @A Wi olgte A
ol2 Zr2 7]Ate] L 22967100 "UHCHR olete HAMol2 7}*% 71AH= 25437

o]
= -

KNNO| 749 19961 5% 31%E| 20174 3% 31Q7bx] ‘WAt Wilolet 24y
ol 2 3He 7|Ab9] 4t 168710]m ‘WA olab Mol e 7|Ab: 388319,

T3] 7IAR] RALZRE SHASHE Ao Reloh W= QIR kAR A dAlolRte
ZA7E 20008 o]&o= Ul Fasth Hutz A2gorgton =AlE KNNO

29 QMO ol o Be BUL UL A9Fue 92g oiustn g
O 0
9

J1Atet A 52 B3l Al9RN JEAY BPEEE Y3 TURA AnY N

r

= 7
o= 1
gulgol Lpido] 371 4 o] g ASA #7402 Wusn 9

3. WAI=EA] PR HF
7b. 1980 FHF ol AR dAI] PR A2

1) 2EUYO) At A

19844 0% 9Jgl9] 7|2 tToAL B2 gO] AN AR o] e BtS
stAl Uxtlo] ofat ohES ef=o] ¢ RE S TojstL s

Nuclear Power in an Age of Uncertainty, pp.211-239 (Washington, D. C.:
U.S. Congress, Office of Technology Assessment, OTA-E-216, February
1984).
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Reduce Concerns Over Nuclear Accidents
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Minimize Linkage Between Nuclear Power and Weapons
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Robert Trigaux can be reached at rtrigaux@tampabay.com.
( Friday, February 7, 2014 5:02pm)
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Jean-Pierre Chaussade, “Public confidence and nuclear energy :Nuclear
power plants have become a fact of life”, IAEA BULLETIN, 2/1990
Nuclear Power in an Age of Uncertainty (Washington, D. C.: U.S. Congress,
Office of Technology Assessment, OTA-E-216, February 1984).
Robert Trigaux, “Gasping Nuclear Industry
overhaul,” Tampabay News, Friday, February 7, 2014 .
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201549 MM UK E=SH (BEX), &=

’ L= Al =
1549 pv 4H| 23

1.1 GW/'15 => >5 GW/'16
3.613 GW (3.14%/Z UM MH| 23, 26.6%/RE

83,545 35509 90,22

115 GW

71675 74534 78,158 81,998

'
! ‘07 ‘o8 ‘09 '10 g - | a2 s '14 "1s(EE)
_— 28 E(MwW) 2A-TG ol x| S22 SF(MwW)
1444 CHH| +55.5% => 161 >1.0%/ S LMY
- . 552 TWh
3,975 GWh/848,000 toe (0.72%/S L&), 10.7%/RE ... o ssgaee 551625 1

364,639 381,181
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15(&E)

ZEHFGWhH)
XIS H, 2016. 8. 31.

A-THYOfH X BETBGWH)

16,000

- 14,000
- 12,000
- 10,000
[ 8,000
- 6,000

4,000

- 2,000

40,000

- 35,000

30,000

- 25,000

20,000

r 15,000

- 10,000

5,000

-113 -




21%
2085

stabilized cell efficiency

19%
18%:
17%a

‘16 Cell Efficiency

= BSF => PERC, BC
F
o PERC p-mc > 19%] /__ PERCp-mc ~ 21%
= B n-mono > 23%—/*/ z BQ n-mona~ 26%
. l/ .
d 2 ® = 9 &
" ¥ 8 E
L J -
g 'a E‘ -
& m -
’ 3 . e
i =
& m
2016 207 2019 2021 2024 2027
B BSF calls p-type mc-Si + BSF calls p-ty pa mono-3i

COPERG/PERT celfls p-typa mc-5i
o PERC, PERT or PERL caliz n-type mono-Si
A back coniact cefls ndypa mono-Si

PERC Al & ~15%/'16=>20%/'17
>21% p-type mono PERC 24t

« PERC/PEHAT calls p-type mono-Si
# Silicon haterojunction (SHJ) cells n-typa mono-Si

HRE:

ITRPV-2016 Results, 2017. 3. 15.

320

370

350

330

310

290

Module Power [Wp]

270

250

‘16 Module Power

= 260~320 W => 3Q0 ~380 W i
& //7
= ERC p-mc ~ 320 W
o / p
PERC®H-mc 283 W BC n-mono ~ 380 W
"PERC'%WSUQ W =t = "
BC n-mono ~ 380 W
® o @
&— . 3 - D
g I
. @ n O ~
G Ll -]
d o ‘ m =
W =
* m
- =
2016 2017 2019 2021 2024 2027
B BSF piype mc-Si # BSF p-type mono-Si

OPERC/PERT plype mc-Si
¢PERC, PERT or PERL n-type mopno-Si
A back contact cells n-type mano-Si

A8 fJojm 7|kt c-Si R E W B8 A

c-Si & S5 8: 26.8% ('06~'14)

+« PERC/PERT p-type mono-5i
® Silicon heterojunction (SH.J) n-type mono-Si

2 10972 12%=>16%

ITRPV-2015 Results, 2016. 3.
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Market Prices

Solar PV Cell Weekly Spot Price

Item High Low Average AvgChg AvgChg %
Multi Cell Price Per Watt 0.25 0.18 0.192 + -0.002 +-1.03%
Taiwan Poly Cell Per Watt 0.25 0.18 0.193 +-0.002 +-1.03%
156 mm Multi Solar Cell 1.14 0.77 0.862 +0.01 +-1.15%
156 mm Mono Solar Cell 1.75 0.99 1.110 ¥ -0.005 +-0.45%
125 mm Mono Solar Cell 1.09 0.59 0.679 +-0.003 +-0.44%
Non (TW or CN) Poly Cell Per Watt Visit here for more detail Cell price information
Unit: USD more Last Update: 2017-03-29
17:-S0.30W
Item High Low Avemge/ AvgChg AvgChg %
Poly Silicon Solar Module 0.41 0.30 +-0.001 +-0.29%
ThinFilm Solar Module 0.42 0.30 0.354 4 -0.001 +-0.28%
US Multi Solar Module Visit here for more detail module price information
Mono Silicon Sclar Module Visit here for more detail module price information
India Poly Module Visit here for more detail module price information
Unit: USD | Watt more Last Update: 2017-03-29

All Spot Prices are Tax excluded and updated on Wednesday
http://pvinsights.com/, 2017. 3.15.

Development Strategies of PV Industry

PV Grid Parity => Fuel Parity
HX E8/28 2% Y
ANAR I EZ (2E, BOS, soft cost 5)
PR &4, O&M/A&M H| & FZ
1S & ESS 174 HIg MY
2 38 & YU A AR =>MicroGrid

A MY & U ME

RPS M & M3}, ITC Z2/A%F (Ol), FIT M= H3} (Y), M7|=H|H|

ARt NI YO LA K| 7| =A &, 7R HEHsZAE
2%t O L4 X 7| 2 A &

Domestic PV Policy PV Market Diversification

GHGs Reduction, Energy Mix, Electrification
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Ex. ITC Extension

Global solar installation forecast - impact of United States ITC extension United States solar installation forecast - impact of ITC extension

18 ¢

ow

2016 2017 2016

2017

= IHS forecast 10 December 2015 = IHS preliminary forecast under ITC extension

= IHS forecast 10 December 2015 = IHS preliminary forecast under ITC extension

sssssss

169 Y 2 O FHO|AT ITC7t '24'ATNX| 30%0 M 10%2 ZA8H= HIEE ATE
M9ENK| HME A|ZHSle TR2HE{= 30%, ‘20 U 210 HAME A=}
= ZEMEE 26% U 22% ITCE HEUS
T2 HEE 24ANX| R E[0{OF T
FAE PV AIAR| A2 219 128NK] FAMEHITC 228 HEE

0= AMZEe XIE5HQ Fd&a e HSE[o] MA AE 8% o4
‘164 66~68 GW, '17'4 70~73 GW (IHS, 2015. 12)

=> QT A BYFEH AT

=> O2|7| Y 0| 30| Zt2o| M} A

[=4 o .

IHS, 2015.12.16.

‘14/°15 PV Jobs

oot © FREARTHRTIRTIR TR RRRRRRE 2772 |
oo © (PRARAREARRRRRINNE 1678 oo : -
warery © [RE1HE1H141 1081 g . |

e, © (RiHTETETE 930
Solid Biomass (@) fifiiii'fi 822
soces @ (P8 382
gy @ [ 208 ,,

eeotgﬁ;nrngayl @D i 160 || RE}%J EV? =>

.
csp (2) B 14
0 500 1000 1500 2,000 2500 3,000

Jobs (thousands) Infemational Rer
HIE <15%, & X 57%
HIZE 1.38H0F & X| 330H O&M 2.20+™ residential 3/2, utility-scale 22%, commercial 15%

: A ~24% (S 24%, 2 H Q! 26%)
World / European Union'

United Bang- Rest
China  Brazil States India Japan ladesh Germany France of EU

Jobs (thousands)

Solar .
Photovoltaic 2,772 1,652 4 194 103 377 127 38 21 84

ATHA UL X AY D018 7.7/8.180 H (5% SII)
EAQFR AN DROIZ : 2,495/2.772 A (11% =}
2|Ut2+ (B LZ/RE): 8,239/15,707% (52.5%)

GSR2014, REN21; Renewable Energy and Jobs-annual Review 2016, IRENA, 2016; National Solar Jobs Census, Solar Foundation, 2016.
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1000

'16; 2 GW?
‘15 Statistics of Korea PV Industry

15: 1 GW

—_— > A
g wo m Agn | ngow | MAE | EE
§" 600 | P
g / RE 485 15707 10,1282 322158
[7] [
3 PV 135 8239 63358 25462
g N s
T .~ / Rate (%)  27.8 52.5 62.6 79.0
2 o e
ol_o—* . . .
2006 2008 2010 2012 2014 7
Year 9204 MW/'16
LY Ef QLA =>0|ZI|7'|E|, ASAHA

154 0|3 EfYBHY 18 7
olgl

o
549 9 189l

14'3 o o2 HZt DBQIY F7}: 30,502 (“IEE 20.2%)

Korea Photovoltaic Industry Association, 2015; 2015 National Solar Jobs Census, Solar Foundation, 2015. 11.

= xpo
(102}gd

873.8

488.9
56.0

1 X
bA FZS AXHOILAX] R A BN AT Chestol o3t HAIA| A% By

‘15 Statistics of Korea PV Industry

siel T2 EHYTIIAUE UH FH| (Y2 H2)

1% 20134 2014 20154 20164 1Q 2016'4 2Q 20164 3Q
=
s | FYo| [ oiE | EYole | ofE | ol [OHE | FHole (OHE | FYHolY (o= | EHolY
First Solar 3,309 679 3,391 441 3,578 517 849 165 934 9 688 88
Canadian Solar | 1,654 130 2,960 367 3,468 247 721 38 805 40 657 27
Trina Solar 1,775 -36 2,285 120 3,035 | 1755 | 817 45 962 83.6 ™ 55
JA Solar 1,187 15 1,824 1075 |2,141 136 521 336 | 619 28.3 624 18
Jinko Solar | 1,151 105 1,619 152 2,544 210 848 89 896 67 855 90
Hanwha Q Cells | 780 67 779 -32 1,798 93 515 56.7 | 638 84.5 707 72
FU F2 EfAE HTI|UES| 2011~2015'F HH (2A4H)
o 20114 20124 20134 20144 2015
- A 0jE | dYo|el | miE | Aol | miE | FYUold | miE | Aol | miE | FEHo|Y
E2 22 ocl 42,759 | 11,179 | 32,185 1,548 | 29,555 | -1,062 | 31,395 458 23,015 | -1,446
Aol | SToHX] | 3,134 263 1,430 | -1,068 | 1,199 -312 1,693 129 (1,643 |5
A A &at 1,936 -365 1,556 -416 1,485 117 2,319 28 1,706 |16
RE Of| A0f| L X| 1,953 40 2,254 187 1,687 123 2,981 115 3,130 |56
T Fa AEEZ e a0l ol 917|2t 7|3 ME
X&H YR 2 HM: M7 iR AZ Ef (2% 5)
25 32 0t {I710fl mE AW M3t=> HX|THIte| X|&5X QI 5=
=>EfSEAIE Sff Mg 1z TY
SI2EH AR S 5], 2016. 12, 13
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Domestic Cell & Module Companies

ERd orY FECE! 30 30
QM QM £eata|w 20 20
- - SDN(T, ME0t3l) 100 100
CIME| 45 45
o A o & Oilﬁtilll—ﬂl 350 350
BJIHY) 20 20
sy SIS 3AHYMSEE) 600 600 600 600 OEMEZ =gt
shotR 1000 1500
. 0 o 1500 1500 ZEZE 500Mw SH S 2,000MW)
54 Ad&atou x| 420 420 150 150 a3 SH 5 (HY s00MW)
H el ECES 350 350
qF ti#SE 120 120
-0 oot Ls4HH 150 150
B oy JSPV 80 400 164 72| 400MWE S4
EEREEES gatmaaz|ot 600 600
e | ¥4 e 80 80
. LGTX} 1000 1100 1000 1100 ‘18 MtX| 1800MWT3=
e E&R%Z 2t MRS SFWZ
2= | =23 E|gat 50 50
3 HAR 150 150
gdH Agzet 30 30 HEHE|, Yirerg
a4 | ¥ KPE 40 = MAZZ2100MWOILE FZHE AL
Bl 3,565 3,705 4,880 5,800
SIEfZ A & 3l, 2016. 12. 13
’14/°15 Annual PV Market
1t
annual PV installation, SPE “16: >70 GW o annual PV market scenarios, SPE R
CAGR: 42 %/'00~'15 4 o
° = 3 N % _ 1 626
i : _ o 509-2'2'?7’_{
20 — - u 40 —
N I 1 I .
A R
B0 MOl M AL S 0 mm ey i wnomE o meomm - 2010 201 2012 2013 2014 2015 2018 2017 2018 2019 2020
W evrope W AveRrcA CHINA Aot o ver B row
Historical data Low Scenario High Scenario —  Medium Scenario

annual PV installation, IEA

- = H I I I | | \ | I
05 20X J008 2009 2010 2011 2012 2013 201 15
untries  ® I tries WUSA ®Japan W China

2015 Snapshot of Global Photovoltaic Markets, IEA PVPS, 2016; GMO 2016, SPE, 2016

IEA /SPEZE (AlS A DX F: 40.3/50.6 GW (+25.6%)
3 10.6/15.2 GW, Y& 9.7/11 GW, 0|3 6.2/7.3 GW,
fd 7/8GW, 2= 2 GW, 3 1 GW
AE OFA|O} 60/57%

o
HRE:

A M4F D] of: > 1%2/'15
%X BE 7}4: 37 cents/W (Q1/°16) => 29 cents/W (Q4/'17)
PV AAE 712 75% Sh2/X| ' 102t (B F 1037t 30% st

N
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Market Share & Highest Efficiencies

Si-wafer based: ~93 %/'15
mc-Si: ~68 %
26.6% HJBC cells (Kaneka)=>24.37% c-Si module

X[k 10E7t @ MUE RE 8 : 12->17% (Super-mono 21 %)

Thin-film: ~8% (4.2 GW)
CdTe 2.5 GW. A-Si 0.6 GW, CIGS 1.1 GW
22.1 % CdTe, 22.6 % CIGS cells (lab-scale)
X 10472 CdTe B2 28 58:9->16 %

46% 4-j GaAs (ISE)

22.1% Perovskite KRICT/UNIST)
29.3% concentrator GaAs (LGE)
28.8% single-j GaAs (LGE)

Fraunhofer ISE: Photovoltaics Report, updated: 17 November 2016; Best Research-Cell Efficiencies, NREL. 2017. 4. 19

Efficiencies of Commercial Modules

24 —— = :
- Bl n-type M p-type HJT;IIBC
22 £ i |
- [ thin B Al-BSF / PERX czsi :
) Film me-Si f X ,
- 18
E:p L
e 16¢
=
EF 4 1 I
w :
e 12 f
= ;
'E 10 £
o 8
g
a6
E 4l
e I
. i
0 : e - -
i S ™ o Y o
i ‘Qei B“S;UL&;,GQ& Qg{;ﬁé\ﬁ__‘&é bie‘i‘-{ﬁ;oé\' é:pxéi@@ tc’ixﬁp‘ _,\\Q?\_;'&@%obz‘)(‘ﬁb Qb‘)q;\-é;f—ﬁ‘% ‘-("b%&ﬁﬁ;’—‘{d;.\tﬁﬁz#é
b AT S . ; = > v ; o ¢ &
I [N =

Fraunhofer ISE: Photovoltaics Report, updated: 17 November 2016
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’16 Annual PV Market

100,000

90,000 —

80,000 —

70,000 ==

60,000 —

50,000
= )
=

40,000

30,000

20,000 . I

10,000 -
O_IIIlIIIII,.}I:

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

m Europe = MEA HAmericas Asia Pacific

‘16: >70 GW (IHS, BNEF) (PVMA: ~75 GW)
33 342 GW
0|3 14.8 GW ('22'd =X 34|, AZt EX|F >18 GW)
UE 8.6 GW, 98 6.5 GW, 2= 5 GW (2 GW/'15), = >1 GW

Marketbuzz-2017, IHS, 2017. 3. 2.; PV Magazine, 2017. 1. 19., SEIA, 2017. 3. 5.

’14/°15 Cumulative PV Installation
‘16: ~300 GW _,

cumulative PV installation, SPE cumulative PV market scenarios, SPE 716.1
700 —

S , — 613GW
o 500 — 0%, 489.8

160 — . E P 21%

8 3061
e | 0 - 2%
B //z'ra.s
50 — - B 200 — 2203
e O R a0 s mb Bw me BN mio @ BE s W .
. EUROPE . AMERICA CHINA APAC* . MEA . RoW 2010 201 2012 2013 2014 20158 2018 2m7 2018 2019 2020
Historical data Low Scenario High Scenarie —  Mediun Scenario
250
200 annual PV installation, IEA
150 IEA, SPE =& 4 X| 2:177,178/229 GW
£ APAC (96 GW) ~ EU (97 GW)
100
10 (41 GW) -’15 =& & X1 & SIt: 450%
& I '5 (5 GW) - 15 =& & XY S0}: 45 bl
- = m 0 I I

0
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Non IEAPVPS Countries M IEA PVPS Countries

2015 Snapshot of Global Photovoltaic Markets, IEA PVPS, 2016; GMO 2016, SPE, 2016
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"14/°15 Top 10 Countries

TOP 10 COUNTRIES IN 2015 FOR
ANNUAL INSTALLED CAPACITY

TOP 10 COUNTRIES IN 2015 FOR
CUMULATIVE INSTALLED CAPACITY

1 Bl china 15,2 GW
2 [1—] Japan 11GW
3 BE= ysa 7,3 GW
a4 =H=E W 3,5 GW
5 - India 2 GW
6 - Germany 1,5 GW
7 ‘e’ | Korea 1GW
8 Australia 0,9 GW
s BN Frnce 09GW
10 B0 canada

/L) . A

1 @ china 43,5 GW
2 E  Germany 39,7 GW
3 [@] Japan 34,4 GW
4 B=  ysA 25,6 GW
s BN ity 18,9 GW
6 == UK 88 GW
7 l I France 6,6 GW
8 Spain 5,4 GW
s _Australia 50—
10 India __SGW

221 1070= : A BX|Z2| 90% (&%l 5705 80%)
A AE: Forze|7t38k 0,2 Gw, Ha| 446 MW,
HA|R 103 MW, E{7| 208 MW, 252tA 389 MW,
ZaE 122 Mw, 2HIZ| 270 MW §

5/770=: Azt BX[F> 16W (970=/'13)

20/230=: &5 2X|ZF > 1 6GW

Sfa|Ltat S X
~2.4 GW/'14, >3.4 GW/'15, ~5 GW/'16
‘16 Ol & X[ > 1 6W

?__‘

2005 2006 2007 2008 2009 201 2012 2013 2004 201
AsiaPacific ~ mEurope @ MEARA

2015 Snapshot of Global Photovoltaic Markets, IEA PVPS

‘14/'15 Electricity Production

9,0%

8,0%
8,0%
7,1%7‘4%
7,0%
6,0%
5,0% - —
Korea: 0.72%/’15 => 1.0%/‘16
4,0%
3,0%
2,0%
- I l I I I I
0L
] @ R R DD PR NI DR SR WS A @ N\
fa“?'6 v‘&c 0‘-?\0& %°& C‘\\o Q',@o ‘\7’(\6 «'902 @oc o‘;@ C‘& 4'3{-\ 3 @é 8 \é®2@°@ ‘-:Q’b\ ,.',&"t}\ Qs)\\ \°j J \’bQ'b \‘530&«0’00 &zb @
@
C & <& :.,\04.&4 & S & & P Lt ©
< %Q’ 9 q,é\
C\¢

IEA cumulative installation: 177 GW (EU: ~50%)
~1/1.3% of global electricity demand: 200/275 TWh
19/22 countries: > 1% of electricity demand
EU: 3.5%, 7% of peak demand (ltaly 7.9/8%, Greece 7.6/7.4%, Germany 7.0/7.1%)

Snapshot of Global PV, IEA PVPS, 2015. 3.; Trends 2015 in Photovoltaic Applications, IEA PVPS, 2015. 10. 13.
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System Cost

107 10° 10' 10 10° 10* 10° 10° 107 1 100%
- T bt § T T 12% ”
21004 e | : : 100 =N ; i
J
2 S ! ITRPV 2017 0g | 12% o - financing, etc.) included
® | | 3
- | | 70%
a5 \ \ [ [ 07 1% T
» [ | | | 1% 585
2 \ 06 10% 10% -
I il 10% 9%
g ,} » ; : GW ;s % -
s nstallation: ~ 300 GW 8%
0 * ! | 04
s ‘ ‘ g
3 L
: ® historic price data [ | ‘ r 03
§ 1]—LR25% | J | | ) 0 - ’
g 22.5%! | ‘ w\ o 33% i
~ ’15: 0.58 $/\Wp ¢ 0.1
e ‘ i [ |
g [ |
° ) 2016 2017 2019 2021 2024 2027
> i Ef o)
©®01 16 412 0|L37 $pr r 01 mModule mInverter mWiring  Mounting = Ground
10" 10° 10 10° 10° 10 10° 10° 10 Relative system cost development for systems > 100 kW in UA, EU
PV Sy l_x' lMWI 100% 19/ pve S 5 o
1.59 0.58 _ 0.37 $/Wp o0% | 5% e =
1'3 ‘Module 15% 84% —~ Dola;;: 10 |_I |_I 30% ei'E—|l
1t6 ITRPV 2017 80% [— 13% 15% g
15 %
] 70% ek 5% 15% =
13 12% 1%
% 0% 12%
e 1%
= 5 1%
£ 50%
3 o0
2 08 shara 01_2011 share 01_2016 ‘shara 01_2017 40%
%‘ 07
g 0 770 30%
£ 025.26 .Si18.35% (447 Wp) (1% - :
& ga 20% 2 43% 40% 38%
03
02 10%
01
00 0%
T I I R IR 2016 2017 2019 2021 2024 2027
R G S L SR
R S A SO G LA G LA LA L G LA LA mModule minverter mWiring * Mounting = Ground
—_Silcon  — Multi Wafer  —Muti el Multi Module Relative system cost development for systems > 100 kW in Asia

ITRPV-2016 Results, 2016. 3.
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o
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System Cost
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2008

Historical price for 10-100 kW roof-top (Germany)

Fraunhofer ISE: Photovoltaics Report, updated: 17 November 2016
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LOCE R.eduction

|+

77 $4.00
1.59 US$ i $3.14/Wdc

kit ~65%: on-site labor,

$3.50

= g — s
z 2500 customer acquisition
H 5
5 25250 and other soft costs
;. S
: %sz.oo
g :.?Sl 50
e E5100
$0.50
0204 012016 2017 $0.00
Residential Non-Residential Utility Fixed Tilt Utility Tracking
35
mQ22015 WQ32015 WQ42015 Q12016 ®Q22016
30 - (
L=
25 *> \:\ * ¢/
N - 25wt g
520 3 s
z 5 .
S5 & =>MX|CH7} 3 LCOE MU £t BOS 712 &
s E >
0 —m = = o 2 . 1,0% o8 57t
5 ~ E =! 0
2016 2017 2019 2021 2024 2027 7|E} LCOE MZ 29!
-+Performance warranty [years] = - o
-m-Product warranty [years] g*o'l Hl-g-' Warranty n*l EE Oégh E‘-a- }_7;'

===|nitial degradation after 1st year of operation [%]
<==Degradation per year during performance warranty [%]

ITRPV-2016 Results, 2016. 3.; U.S. Solar Market Insight Report, SEIA/GTM Research, 2016. 9. 12.

Learning Rate

10" 10° 10' 10° 10° 10* 10° 10° 107
=100 ITRPV2017 — 100
© ]

S

o~

o

(72}

=

_g 10 : 5 10

s

% @

Q

©

n ® historic price data

S 1]——LR225% 1

3 LR 39.0% (2006-2016) ]

£

>

3 LR ('06~'15) c-Si 28.2%, thin-film 25.2%

(1]

® 0.1 d—b— i L L el LU 0.9
107 10° 10' 10° 10° 10* 10° 10° 107

cumulative PV module shipments [MW]

ITRPV-2016 Results, 2017. 3. 15
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Calculated LCOE

o2 P targesscate systemimUS; Et
~
040 1970 ]
. X 91,8 4
% [+ 4
8148 E
&6 785,7 g
=0, :
a 3
0
0,06
2" D 0,063
fm -— 0059 | ¢
<] 0,054
g 0 0.049 ——
. =] 0,043 0,042 dom T
3 0,037 - X
0038 0,032 0,030 o
0,02 : 0.0
0,00
2016 2017 2019 2021 2024 2027

=+=1000 KWh/KWp =e=1500 kWh/kWp =#=2000 KWh/kWp

Total Life Cycle Cost ($)

1200

1000

800

600

400

200

X assumed system price

Assumed system price [USD/KWp]

Financial conditions
80% debt, 5%/a interest rate, 20-year loan tenor,
2%la inflation rate, 25 years usable system
service life

LCOE: 0.03~0.06 $/kWh for °25

system lifetime: > 25 years

12/ |12/ | 12/ | 12/ | 12/ | 12/ | 12/ | 12/
2012|2013 (2014 | 20152016 2018|2021 |2024
Cum. module shipments (GWp) 110 | 144 | 184 | 234
Price at end of period (US$/Wp) 0.69 (0.72 | 0.63 | 0.58
Predict. cum. module shipments (GWp)| 110 | 150 | 200 - 320 | 440 A 630 | 850
Avg. Wp increase (period to period) 3% | 3% - 3% | 4% | 5% | 5%
Cost reduction (period to period) 6% | 6% | - | 8% | 10% | 10% | 10%
ITRPV 5" edition cost trend (US$/Wp) 0.73 |0.64 |0.58 | - | 0.52|0.45]|0.38|0.33

LEOBAb = Total Lifetime Energy Production (kWh) LCOE & (01
Cost Stabllity/ Rellability (standard Ded?cr:;:sci:agmraxLiabiﬁw) 2% o Hl (&
l l XS (kW) 100 L XYl (A/kW) 1,500,000
k=3 X(E = (o
Initial o Annual O & M Costs, _ Depreciation, x(Tax Rate) }\I‘ojla (L) - O&MH| = (A’) U
LCOE - »o (1+ Discount Rate)' ;5 (1 + Discount Rate)'
= iRdlede’h/ kW, x Capacity Factor x(1- System Degradation Rate)’ dHlolEs (%) 14.75 golg (%) 5.50
oy (1+ Discount Rate)"
HYI52E (%) 05 LCOE 117
Efficiency
(AND SYSTEM LOCATION) *Financing £& =& &tXl &8
ITRPV-2016 Results, 2017. 3. 15
140 —
120 —
Jordan India
India Germary
100 —
South Afica Chile India Germany 4
rugus Bzl Ay
- o0 U y France NI
o South
% South Afics . . £, Mica L
. Asstralis
g &0 — . Canada . B Jedan  Chis
Brszil . Brazi - B Pary
o Hed S SOMAE Eml g 20.9USD/MWh
Eomt o * : (Dubai tender)
Marocoo
s Solar
@® Wind onshore
R R A B R | 2 et ) ) K - I VY o ot i |
2012 2014 2015 2016

IEA, 2015; GMO 2016, SPE, 2016

24.2 cents/MWh (Abu Dhabi)
Bloomberg, 2016. 9. 20
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Annual Market & Shipments [GWp]

Installation Forecast (Medium)

1200 -
I~
2
1000 - A
% X MK BE £3: 6.8 TW/'50
= 10.6 PWh \
800 -
peak
500 GW/’30
600 -
IEA AlLI2I2
400 1 = 4.68 TWI'50
6.5 PWh or 16% of global
electricity
20057 2E @ F7| ~25

10.000

9.000

8.000

7.000

6.000

5.000

4.000

3.000

42
{ i o P S o e R B R o 5 S R o R 2 R o R o o e = i e 5 B ) el i e |

0

0

2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Europe mmAsia mmAmericas

ITRPV-2016 Results, 2017. 3; 15.; Technology Roadmap-Solar Photovoltaic Energy, IEA, 2014
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KEPCO Report
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Scotland, 14 August 2016 : Daily
wind power production
exceeded demand

RE Integration

-

*a,

Denmark, 2 September 2015: The
Westorn Danish power system
runs without centralised power
generation for the first time

Germany, 8 May 2016: Wind and
solar PV cover the equivalent of

90% of power demand

Portugal, 7-11 May 2016:
Renewable energy (including
hydro) covers the equivalent of
100% of power demand for 107
consecutive hours

upward balancing reserves

.. |Spain, 28 February 2016: For the
“{first time, wind power provides

Spain (Canary islands), July 2016,
100% renowables (wind+hydro) for 76
hours in a 278 km? not
interconnected island

IEA Workshop, Delhi, India, 2017. 3. 9.

VRE's System Integration

=]

=

=]

Ol X| (VRE, variable renewables): Ef &, 3, =,

HEAAY =>7haY I aA

1. Very high shares of VRE are technically possible
2. No problems at low shares, if basic rules are followed
3. Reaching high shares cost-effectively calls for a system-wide

Transformation

orage
Demand Side Integration

classical view

Peerapat Vithaya, IEA Workshop, Delhi, India, 2017. 3. 9.

I, 22N U2

Flexible
power system

more useful view
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VRE Characteristics

Variability: 7|2 2t30]| 2|gt 53 71Hd

Modularity: 23}

Uncertainty: 7|2 22| S2H4d

Low short-term marginal cost: =2 CAPEX, ¥ 2 OPEX

Non-synchronous tech.: H| &7|3} 7|=

Location constraint: X|2| & QI H|ek

Peerapat Vithaya, IEA Workshop, Delhi, India, 2017. 3. 9.

from Integration to System Transformation

System-friendly Flexible resources
VRE deployment planning & investments

Distributed : i
resources -

- . 1: 1'3

integration < :ﬁf
3 s al

+

System services

Generation time
profile Generation Storage

Technology mix

Location

System and market operation

Integrated planning

Level of VRE penetration

Actions targeting VRE Actions targeting overall system

Peerapat Vithaya, IEA Workshop, Delhi, India, 2017. 3. 9.
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Level of VRE Deployment

IE DK
Phase4 i g s, . o B . . g e 4 e s
IT GRDEES PT
Phase 3 “"ml;R- -----------------------------------------
CL\ NZ AU AT BE LK AT Austria DK Denmark MX Mexico
1 e AU Australia.__ ES Spain__ __ NL Netherlands __|
Fhaned L CA\ s BE Belgiuma GR Greece  NZ New Zealand
| NL SE BR Braz ID Indonesia  PT Portugal
Bl < o __CACanada __IEleland ___ SE Sweden __|
ase 7A MX CL Chile IN india ZA South Africa
DE Germany IT ltaly
0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55%
Share of VRE generation
NARIO| E23 W 5| A
: VRE Z20| A|AR 22X A S FXTH 7|EQ| A|AH XIS E AlA
go| 71 =3 7ts
Phase 3: & A|ARIO| SiX{Tt Hl7l @ FE|H, A|AH /40| VRE S&2| M
Phase 4: VREZ} &l H|ES LtEIL|0, B = YHATL VRE £ IjE0 £33 o=,
72 SEE AAHe OEA
Peerapat Vithaya, IEA Workshop, Delhi, India, 2017. 3. 9.
Flexibility of Power System
SERECIELRE
HE gutdel WHo 2 =7 FHoAM S2d/dal 71HdE =3 715
7t/ dof 83510 CI2 AlZiCHof ZHMo|Lt 322| 57t & A4 715t He
AAEIO] £=20M 2HstD 2 2 (swing)llE 7ot X|EH MHA X
80|%t VRE 8
=>x2 HIS2| VRE &
* 7|E MEAAH-: B} (=) 71H/do| CH35t1 AS
24 thg e
A E Ql=2} (Grid infrastructure)
=™ 2™ (Dispatchable generation)
X% (Storage)
T8 #2| (Demand shaping)

Peerapat Vithaya, IEA Workshop, Delhi, India, 2017. 3. 9.
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