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Annual energy-related CO: emissions, 2010-2050 (Gt/yr) >2.6 °C
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Costa Rica
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Iceland:

flaqtiundnluih 100% an RE
(wavouin way geothermal)

Denmark

Sweden
Avuatihunnandalwihann RE 100%
aalull 2583
vV Norway
v {R3ffundalwilrann RE tAau 100%
wagAmuatihnunaldwdeauanm Nk
67.5% aaluil 2562

Auualadndseiuann
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Dem. Rep. of Congo
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Thailand:
(519) AEDP rimumﬂmmnwﬁm
‘1Whann RE # 33%

New Zealand
Aravi nsaniluvung
WAa TWan RE 100%

v

fiun: go100re.net 8


http://commons.wikimedia.org/wiki/File:World_map_green.png
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/
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Brazil and India fiuu)TuntAnd

fiun: IEA (2019

Renewables contribution to energy consumption by country in 2017 and 2842
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n1512 89 W
Country ciecticty | UL Heckification
(% of outp:1t)

Indonesia 226 59 6.2 107 5 91
Thailand 198 60 4.2 8.5 0.5 100
Vietnam 150 42 100 36.7 8.5 98
Malaysia 145 33 52 10.0 0.5 99
Philippines 82.51 21 57 25.4 4.6 90
Singapore 51 13 2.5 1.8 0 100
Myanmar 15 54 15.1 58.9 - 59
Cambodia € 1.7 20.3 46.4 22.8 60
Laos aq ** 6.4 14.2 86.4 8.7 91
Brunei Daiussalam a4 0.82 39 0.0 0.5 100

*4fayaant 2559, ** doyaaint 2558 #u1: McKinsey, IRENA, UN Data
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PDP2018 rinviuatind1dondn RE 20,766 MW Jy nEzvmRenEsau

MINISTRY OF ENERGY

AN ﬂdluﬂ 2580 fiun: PDP2018

25,308 777211
b \\J
)
s
3
3. 46,090
'O
8
ol 5,357
o 4409
500
-25,310
Retirad Capacity Energy Efficiency Renewable Contracted Capacity
Program Energy End of 2037
Contracted Capa&iy Hydro-pump Import Other
End of 2817 Storage

lusezirat) 2561 - 2580 azinsuanlsilwiiaan saunIaI6EN 25,310 MW BastANNIaIKENNa 1S
LA awanan11udaIn1s g IinWw lugaewn 91uay 56,431 MW
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AL
4%

Aaidrnan

3%

¥
un
2%

nasnaR #1391 RE Ny 29,358 MW

e

Yoz 975 MW
AeTInIN 928 MW
axl 2,989 MW
113,106 MW
1@ 5,786 MW

WEIRNRE 12,725 MW
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* Reference Case = Expected outcome of today’s (ip policies
** REmap = Achievable outcome with accele f renewables

Reference REmag
Case 2036 * 2036\«

IRENA @axnisiindaau RE Tu TPES

Electricity generation (domestic) 18% 25%

Industry (fuels, direct uses) A29 50%
Transport (fuels) 26% 27%
Buildings (modern) (fuels, direct uses> : 4% 38%
Total final energy consumptigi (Pnoder 28% 37%

Total primary eneray cupply (modern) 22% 28%

. Umwwﬁ@@fb isdndau RE 1 37% dennniunuiiimunliniu AEDP2015 71 30%
. i@ 1 uaz msldmdsanlueians fdneamlunsifindndiu RE
o&ﬁﬁ! 56l Remap mawanlwiihiidndauain RE 25% vide 30% Woturmnmindilaiimdsihain auvan
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FUAIUNANITANEI2a9 IEA way IRENA

dnd2u RE °lumsw§m‘lvxlﬁwa~ﬂwﬂ a1 aud 2579

r\

PDP i\ IEA’s RE2 Scenario IRENA’s REmap Scenario
qu@ﬁe Case” WEIe19Ing 17 GW Lazau 6GW nsalAd ey IEA:

=Non-RE =SolarPV - Wind = Biofuel = Hydro Wasenfing 17 GW uazau 6GW
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Tasvang Wi fianeutneasnanagsasdu VRE i ¥ W S S s e
VAN

2036 Reference

1.27%

= L PV

\oq Wind
0
0 s W Waste
1 ? : 4 Days e 7 B Hydro
2036 REmap Gas
1.27% 4.24% W Bio

M Coal
W Hydro (pumped)

PRIAATSANEIVDY IEA wag IRENA wuln lassvnglndveslneaiuisasessudadiunidadnlniiain
WAIULAIDANSTMANLTY 17% wazndsauiiudu 8% a1 U 2579 Taglinuusetfuaiu of curtailment,

loss of load, spillase, and reserves inadequacy.
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% VRE of annual electricity generation

70%

60%

50%

40%

30%

20%

VRE shares in total electricity generation by region in 2018

tilhuung "é

PDP2018 ="

LA R RN ENENRRERNRERERNERNERNERNRERERERNERNERNERNERNNNNNERGHERGHERHEHMNHSES§' &3 - |

Incia |
‘apan

Phase 1 - No relevant impacf en svsem

Phase 3 - VRE d=tarmines the operation pattem of the system B Phase 4 - VRE makes up almost all generation in some periods

“hina

ag Sl‘atey -

[N

Ky, b
Auss, =

cha

fiun: IEA (2019)

I I I 1
I I I 1
20 m ) Feakeas
i I I = o
, | | | :E] 265
I - | 1 E 2 a3
| I I 1 =
1 1 1 1S g% g S
1 1 kNG 1 o o
5 I I I 1 H'S €5
| | IR ERE
A ‘ I I I 1 ‘_EQ 2 o
: | | | |E=2] =2
: 1 ez 2
a a
am allim s : : : : ﬁgg g—ﬁ
| 0 [BEE] B
[a]
: 0 iFeE] B
I I I 1 E 9 g g
p 1 1 1 o —d
Phase 1-2 can usually be managed through S-c:n E g’
b s g ?? § 2 f;ﬁ < g é" g P > a ¥ | existing resources and operattonal practices T
2 £ 2 :
:Eakm@@{ggéuf?ﬁ’mgf Power Grid .
: ¥ g 9 5 5 QL Lk lant  linfrastruct DSR Storage |Operation
] & Q 2 : £ 8 g 3 < C? plan infrastructure
£ =
G £ f‘? 5 Key flexible resource examples to enable transition
G S S
£

B Phase 2 - Minor to moderate impact on system operation

Uszndlnenndeinag wain 2
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Piece#1 Piece#2
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Missing Piece#1
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— wanlgdlasevrelwvilugiinnerendeu

(Grid Connectivity)

IEA (2019) lmﬂﬂwﬂamamiawumaLﬁuauimi“wmﬂmvl,w%
Fulseiwiioutiu Fsaztnelvanaildanelunsedunu
(operational cost) anlona VRE curtailment

Iﬂﬁamﬂi\ﬂw%wmmquaunau

-msﬂ,wmmimﬂmuwamumumwmamm VRETT
ma‘uauaﬂmmmaﬂmﬂ%‘lumwaa mf]muuiiqlw%waam
wuvgunaudsmsdisuyuiniuunness

Usuﬂiaiﬂsw'm'swumwwLwafaasv VRE

muummmm VRE Control Center Ima"ﬂjm fLLJLaV
miaumﬂmuaﬂumimwamLLav‘v"‘“ﬂ mswam‘wa
auuauumamwmammﬂz% 1507 28na1ni 819
RsUNshnfsssuLusiaessiendy ancillary service
Tnulasedngladin

'mLmu’u"\"wm‘lﬂswﬂEJIWﬁqaeiNUimnﬁ

N LUaan15 NS Wan #1290 VRE ﬂ’J‘Uﬂl‘Uﬂ‘U
A E RN R R N Rt

é‘} ASZNSITNAII I
©) MINISTRY OF ENERGY

1GW 16.6 GW

0.5GW

veeyaLaulesnulssmaaudiu 11 GW
TneldRuamu 16 drunsaansansy
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Missing Piece#2 & TRy
Weuunssuusudia RE

o —— U%Juiﬂ 594 %”]\15"] ﬂ’]‘lw‘ﬁqﬁm gﬂgfﬂ,ﬁ Figure 6.9 » Options for retail pricing at different !°vds of granularity
dzfiauanIuNALAzLIaN L >" " Gty

Lo _§J § \

ﬁuumauﬂﬂiLsumu‘us‘uiﬂsaaiwiﬁﬂﬂw%‘maﬂaﬂaiﬂmu

*  AuAufuYuIEs EGAT Tuluu real-time Liiawnun E:;“ Pl tar :uomllimd- n"'”"”"‘"
9enUWUU PPA d15ulAsanis VRE vinalve) "o e
° ) =

ﬂ'ﬁ/iu@i']ﬂ’ﬂﬁﬁuﬂaumu‘WUMLLMﬂmWQﬂUIULLWauWUM

%QQW‘U’JEJ?IQLﬁillﬂ']iwamlwﬁ’]LL‘U‘Uﬂiu‘MEJﬂ‘lJEJ Eler::'-nd No demand charge Customer peak um*’:lm - -
ann

P—* T13u358UU Net Metering

o o Moy A a A 0 Single Zonal disaggregation  Nodal disaggregation
Duszuuda@anlwihilmasintuildlnigiad s Locaflon e pre - -
wAdlsn VRE iindlasstelih Tussuuilguiinaasdisy

ﬂ’]bLWW’]fLuﬂ’JUWGLGULﬂW{]’] ﬂV]NaGﬂ,ﬂLa\ Notes: Tx = transmission; Dx = distribution; LMP = locational marginal price.

Source: EA (2017), Status of Power System Transformation 2017: System Integration and Local Grids
(%4 > (%4 -;l’ Y
¢——o USUINIINTISUYL RE 11/1&?]’3'13»1?1&916

Tgnannase 'i"L"d’]‘ViiUIﬂi\‘iﬂ’ﬁ VRE LLauaﬂ‘L!WllﬁiUﬂJ’]quJuEﬂ’J

dngy s, ‘U‘Lﬂﬂ Utility LLEﬂ“LWEJULﬂENGl‘uWUﬂ'ﬁaQVWﬂU
NG

Key message ¢ Retail electricity prices can be refined along three main dimensions.
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Missing Piece#3

NETUNATUTIRERT TN Auszun1asIaina WA

—o AANTBVWINAIMUUNTZRAY
(Decentralized Energy Trading)

mmmamai%lﬁmwnivmammmmu Ton
. mmmamalvxlﬁ%mu Wholesale
*  smatemelniiuuy P2P

T Wwoulsslaseu1® Smart/Micro Grid
IQHLQWWUWQQWMWEIU@'IEJ?HEJ?N ‘W‘HVIWWQVLﬂa LLa‘”LﬂW“’(ﬂ’N ‘]

LW?ﬂ.‘IﬂU?“UW“UUﬂ’HJ’ﬁﬂL‘UWZ]GIWW’W]QJ?IQJJYIW hATITUU
Iﬂid‘d']&llWﬁ?lJﬂ’ﬂiJlJUﬂﬁEN‘UU

WRIWIFZUU Demand-side Managemeit

530815852 UU Smart EV Charging wag uwiamess wldly
muiﬂmwalvdihl,wamal,wummawib IATUUAIYDITTUY
Tasstnedlednaau VRE finty

ﬁx‘il,ﬁ‘mﬁ'snﬁ] Ancidary Service

LWlIﬂ’ﬁlla’J" 59 delVz 'JuLE]ﬂSUUI‘IJﬂ’IiL‘U'WmsU’JEJiﬂ‘l&ﬂﬁlJfﬂa‘UENiuU“U
191 frequerizy/voltage control Wag operating reserve
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F: o orierg New Energy Finance (2017)
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Missing Piece#4
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LUALAUTLS

Dispatchable Generator ‘Vlﬁmmlu
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*  PPA 52vIN NN, AUANEANYU I TRvediuna sAtluy
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® Master Gas Sale Agreement (MGSA) ved m/\lw ‘LJ’IVL‘IJEI
take-or-pay dwisULNY. TuIy, SuhBiFesAuaTosuiidnee
LaiAuen
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* Generator Cannection Code N
ML . Demand Connection Code
* HVDC Connection Code
A\ A -
i\ N

* Operational Security Code

* Operational Planning and Scheduling Code
* Load Frequency Control and Reserve Code
* Emergency Procedure Code

WYY\ * Generator Planning Code
(o(0]»] 3 » Network Planning Code

* Market Rules Code

MARKET » Network Capacity Allocation and
(o{0]0] 3 Congestion Management Code

-

* HVDC Connection Code

Uszinn Grid Code #i14 9 (IRENA, 2016)
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Missing Piece#6
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170% dndrululafiza(B100)
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Key Takeaways

* mlanbinnudrdyiunsldndsnumawnilinniu Inedunaantiuyui
anad kagAuinanensiufsuwlasaningiannie
< 2 o = 1% %
°* Uszwalnaiuginlue aeun unasIunaLmLY
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seefudndrunasnuuaIIinguar i RuNganIwiulagiu
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®  Thailand Integrated Energy Blueprint“(TIEB) WUILUINITRAUIAIUNGN1UBDNANUTELAY
WBLNEY Usenaumie PDP, AEDS FEP, Oil Plan, Gas Plan
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