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Based on the invitation received from, ASEAN Power Grid Summit-2018 Secertrait, Mr Rajiv Ratna Panda,PC, SARI/EI/IRADe
participated as a Plenary Address Speaker in the ASEAN Power Grid Summit-2018- V

Enhancing APG Investment Towards Regional Energy Optimisation held on 21st- 23rd May

2018 at Hotel Crowne Plaza, Vientiane, Lao PDR. Mr Rajiv delivered the plenary address
on 22nd May, 2018 and made a detailed presentation (Annexure-I) on “Trans-Regional
Energy Connectivity between the ASEAN Power Grid and the South-Asia (SA) Power Grid:
Prospects and Opportunities”, In his presentaion, he covered a) Overview of SA and It’s
Power Sector b) Cross Border Electricity Trade (CBET) in South Asia c) Indian Experience
of Regional Power Grid Integration, Private Investment and Market Development d)
Lesson Learnt from SA Regional Power Grid and Market development in South Asia e)
Prospects : Why to Integrate ASEAN and South Asia Power Grid f) Opportunities-Short
Term, Medium and Long Term Outlook for Integration of ASEAN and SA Power Grids g)
Possible Trans-Regional Transmission Interconnections between SA and ASEAN h) Stages
for Power system Integration and Power Trade between ASEAN and SA Power Grid i)
Market Model for Power Trade between ASEAN and SA Power Grid- Development of Cross
Border Transmission Infrastructure ]) Cross Border Electricity Trade Investments: Risk k) Need for Comprehensive Investment
Friendly Inter-Regional Investment Framework for Inter-Regional Power
Trade between ASEAN and South Asia and 1) Way Forward.
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Figure 1 Mr. Rajiv delivering the Plenary Address
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He said complementarity of energy resources, differences in energy | -odd T"? """"""" r S
resource endowments relative to demand, access to large market and :
competetive price, optimal hydro thermal mix, difference in time zones &
in daily load curve, economies of scale-building regional power
plants/transmission systems-linking electric power grids,improved energy ¢ o
SeCUrlty and reduced enVerDmental damage through access to Clean Figure 2 Mr. Rajiv receiving a Souvenir from Datuk Dr. Abdul Aziz S.A. Kadir for delivering the Plenary Address
hydropower betwen ASEAN and SA Region are some of the factor that will drive for CBET and Integration of ASEAN and SA
Power Grid. Through his talk he laid out the vision/thought about integrating ASEAN and the SA Power Grld through trans-
regional transmission interconnection. The ASEAN and SA are at similar
stage of CBET and regional market develpment and both region can learn
from each other’s appoarch for CBET. The summit was attended by more
than 150 speakers/participants and dginitaries from 20 countries and
supproted by Ministry of Energy and Mines, Lao PDR and ASEAN Center for
Energy. The conference was innaugrated by H.E. Dr. Khammany Inthirath,
Minister, Ministry of Energy and Mines, Lao PDR.
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Figure 3 Mr. Rajiv Chairing the session on “ASEAN Power Grid Business and Investment Opportunities “

Mr Rajiv, also Chaired the session five of the summit titled “ASEAN power grid business and investment opportunities” held on
23rdMay,2018. The session had eminet speakers from a) Ministry of Energy and Mines, Lao PDR b) Ministry of Energy, Thailand
c) Vietnam Electricity d) Indonesian National Committee of CIGRE and e)
Pilbara Solar. During the sesion various paper were presented such as a) Dr.
Santisouk Phimphachanh, Director of Power System Planning, Ministry of
Energy and Mines, Lao PDR presented on “The Role of Laos Transmission
and Power Generation Plan on APG“ b) Mr. Panupong Sathorn, Policy and
Plan Analyst, Energy Policy and Planning Office from Ministry of Energy,
Thailand presented on “Realising APG through Thailand’s 2015 Power
Development Plan“ ¢) Mr. Nguyen Nam Anh, Vietnam Electricity presented
on “Vietnam Transmission and Electricity Generation Masterplan for
APG" d) Dr. Herman Darnel Ibrahim, Chairman, Indonesian National Committee of CIGRE and Former Director of PT. PLN
presented on“Indonesia Archipelago Transmission and Power Generation for APG“ and e) Dr. Geoff]ames Dlrector Pilbara Solar
presented on “Prospects of Interconnecting Australia-APG via Java “. AR

Figure 4 Mr. Rajiv handing over the Souvenir to the Eminent Session Speakers

Mr Rajiv also partcipated in the Energy Investment Meeting which was
chaired by H.E.Dr. Khammany Inthirath, Minister of Energy and Mines, Lao
PDR. On 21st May,2018, Mr. Rajiv visited the Nam Ngum Dam (NND) and
Nam Ngum-1 Hydropower Project.NND is the LPDR’s first hydro dam. It was
financed with assistance from 10 countries, under auspices of the United

Nations. NND generates most of Lao‘s electricity and 70% to 80% of Figure 5 site Visit to the Nam Ngum Dam and Nam Ngum ~ 1 Hydro Power Plant
electr1c1ty is exported to Thalland accounting for about a quarter* of Laos' foreign exchange earnings.
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Annexure-|

Trans-Regional Energy Connectivity Between
the ASEAN Power Grid and the South-Asia
Power Grid: Prospects and Opportunities

Rajiv Ratna Panda
SARI/EI/IRADe

@FDWER GRID

Plenary Address
% The ASEAN Power Grid Summit 2018- Enhancing APG Investment Towards Regional
Energy Optimisation”
21 - 23 May 2018,Hotel Crowne Plaza, Vientiane
The Lao People's Democratic Republic (Lao PDR
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@ Brief About SARI/EI
@ Overview of South Asia and It’s Power Sector
@ Cross Border Electricity Trade (CBET) in South Asia (SA)

& ndian Experience of Regional Power Grid Integration, Private Investment and Market
Development.

@ Lesson Learnt from South Asia Regional Power Grid and Market development in South Asia.
& Prospects : Why to Integrate ASEAN and South Asia Power Grid

@ Opportunities — Short Term, Medium and Long Term Outlook for Integration of ASEAN and
South Asia Power Grid

& Stages for Power system Integration and Power Trade between ASEAN and SA Power Grid
& Possible Trans-Regional Transmission Interconnections South Asia and ASEAN Power Grid.

& Market Model for Power Trade between ASEAN and South Asia Power Grid- Development of
Cross Border Transmission Infrastructure.

& CBET Investments Risk and Regional Investment Framework
& Way Forward

Trans-Regional Energy Connectivit: vy Between t he ASEAN Power Grid and the South-Asia Power Grid: Prospects and Opportunities/ASEAN Power Grid Summit 2018, 21 - 23 May 2018/Rajiv/SARI/EI/IRADE/Confidential ©SARI-2018
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& SARI/E is a long standing program of USAID started in the year 2000

@ Program has consistently strived to address energy security in South Asia by focusing
1) Cross Border Energy Trade 8 SAARC

2) Energy Market Formation and COUNTRIES
3) Regional Clean Energy Development

@ SARI/EI-Phase IV (2012-2018): Key Outcomes

Three Key Development Outcomes through
three Task Forces (TFs) :

1. Coordinate policy, legal and regulatory issues(TF-1)
2. Advance transmission interconnections (TF-2)

1 Bangladeh
3. Establish South Asia Regional Electricity Markets (TF-3)

& Demand Driven ‘Bottom Up’ Approach Bangladesh and India

have Land Border with
ASEAN region through

Myanmar
Olntegrated Research and Action for Development (IRADe), a regional energy think

tank-based in Delhi, India is the implementing partner. Maldive sri Lanka

Task Forces are represented by Government Nominated members of level of Directors/Chief Engineers/Members etc. from Utilities, Regulators, planners, Power Exchanges of South Asian Countries. Project Steering Committee (PSC) is the apex body of the program and provides overall

strategic directions. PSC members consist of Senior level officials from the country governments, SAARC, ADB, Independent Energy Experts/DlpIomats

Disclaimer : By making any refere cular geographic area or by using the term “coun

and Map in this document, IRADE/USAID doe: tatus of or sovereignty over any territory, to the of international frontiers and boundari

3 May 2018/Raijiv/SARI/El/IRADE/Confidential ©SARI-2018

, and to the name of any territory, city or area
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SARI/EI Overall Framework for development of CBET and Regional Power Grid in SA
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http://www.irade.org/IRADe-SARI-EI-Regional Regulatory-Guidelines (July 2015)-.pdf
http://www.irade.org/IRADe-SARI-EI-Regional Regulatory-Guidelines (July 2015)-.pdf
http://www.irade.org/TF-1 Report_Suggested Changes_Amendments_in Electricity Laws, Regulations and Policies of SAC for Promoting CBET in SA Region-Rajiv.pdf
http://www.irade.org/TF-1 Report_Suggested Changes_Amendments_in Electricity Laws, Regulations and Policies of SAC for Promoting CBET in SA Region-Rajiv.pdf
http://www.irade.org/Harmonisation-of-grid-codes-operating-procedures-and-standards-to-facilitatepromote-cross-border-electricity-trade-in-the-south-Asia-region-Framework-grid-code-guidelines-Rajiv-LR-1.pdf
http://www.irade.org/Harmonisation-of-grid-codes-operating-procedures-and-standards-to-facilitatepromote-cross-border-electricity-trade-in-the-south-Asia-region-Framework-grid-code-guidelines-Rajiv-LR-1.pdf
http://www.irade.org/Report on Regional Energy Electricity Regulatory Institutional Mechanisim in South Asia SAFER.pdf
http://www.irade.org/Report on Regional Energy Electricity Regulatory Institutional Mechanisim in South Asia SAFER.pdf
http://www.irade.org/Report-on-Potential-for-Power-Trade-in-Western-Part-of-South-Asia-A-Techno-Economic-Analysis-High-Resolution-Rajiv.pdf
http://www.irade.org/Report-on-Potential-for-Power-Trade-in-Western-Part-of-South-Asia-A-Techno-Economic-Analysis-High-Resolution-Rajiv.pdf
https://sari-energy.org/wp-content/uploads/2018/05/SARI-EI-IRADe-Report-on-Model-Framework-for-Trading-Licence-Regime-and-Guidelines-for-grant-of-trading-licence-to-facilitate-Cross-Border-Electricity-Trade-in-South-Asia-Region-RP-IRADE.pdf
https://sari-energy.org/wp-content/uploads/2018/05/SARI-EI-IRADe-Report-on-Model-Framework-for-Trading-Licence-Regime-and-Guidelines-for-grant-of-trading-licence-to-facilitate-Cross-Border-Electricity-Trade-in-South-Asia-Region-RP-IRADE.pdf
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@ South Asia Remains World's Fastest Growing Region (us $3.3 Trillion). @

O Economic Growth (EG) expected to pick up to 6.9 % in 2018 || I| “ “ " " " " " "

o . 1| South Asia 1.76 China 1.37 India ASEAN
and further to 7.1 % on an average in 2019-20. Billion i A AT 0 51 B,,,,on 0.32 B|II|on
Billion

Data Source: World Bank Data base

Q Home to 1.76 billion, 23 % of world’s population.
curre p"ICes

@ India is the largest economy (US $ 2.6 Trillion). in the region
and geographically centrally located.

rl”lons of
dolla,-s_ZO -
OHigh Economic Growth Drives Energy Demand Growth. o Chirta
LS$19.4 US$ 12 Trillion Panan

Trillion uss$ 4.9 Trllllonsg:r?_:":/l h Asia
@ Electricity demand in SA projected to grow at average rate T T US$3 3 ASEAN  ngia
* o, . A o Trillion US$28 us$26 US$26
of *5.2% annually from 2013-2040. per capita energy consumption (963 KWh/Capita) is one of the lowest( World Avg. 2803) Trillion  trillion trillion

Data Source: GDP, current prices-2017-World
Economic Outlook April 2018-IMF Database

=
Regional real GDP 8
growth &
Percent, y-o- < Latin America
14 e £ and Caribbean
>
12 & Middle East
© and North Africa
10 g

South Asia is expected to
remain the fastest growing

8
- - .
¢ region
4 Europe and Central Asia
: N |
0 East Asia and Pacific
-2

x
Il Sub Saharan Africa

2016Q2 2016Q3 2016Q4 201741 2017Q2 2017Q3 2017Q4 South Asia
mm East Asia & Pacific mm Europe & Central Asia mm Sub-Saharan Africa 0 2 4 6 8
mm Latin America & Caribbean mm Middle East & North Africa South Asia W 2018 (f) 2019 (f) 2020 (f)
“http:/ c 846141468001468272/pdf/WPS7341.pdf Source: South Asla Economic Focus Spring 2018-World Bank Source: South Asia Economic Focus Spring 2018-World Bank- https://openknowledge.worldbank.org/handle/10986/29650

T P N W SALOE PO PR, +he ACEAN Pawar Cridandthaatithfeia Prwwar Crid: Pracnacte and Onnartiinitiec/ASEAN Prwer Crid Siimmit 2012 91 - 92 Mav 9012/Raiiv/CSARI/EI/IRANE /Canfidantial ®CARILINTSQ
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+ Small power system (1.3

South Asia Power Installed Capacity
GW)

; . m (397894 MW as on March,2018
» High Electricity Imports

high, Hydro Dominated. - Very Small power 4050, 1.01% 90, 0.022% |
* Proposed interconnection system (.9 GW)

with Central Asia and * Under utilized hydro m

Pakistan potential Small g
: power system (1.6 GW) 902, 0.22%
* Net importer of Large hydro potential " .
electricity now but Net exporter of power to India. Required
potential to export in Champion of Hydro CBET in SA

future Hydro Export contributes- 40 capacity b 1341 0.33 %
percent of government 2040 is Ak

Mid sized (29 GW) power
system

+ Gas and Oil dependent.

« Import Electricity from Iran

» Proposed interconnection with
Central Asia & Afghanistan

16322, 4.10%

\fghanistan 1614, 0.40%

29573, 7.43%

86. 45%

M Afghanistan EBhutan ldBangladesh India

M Nepal M Sri Lanka M Pakistan M Maldives

% For Indi-IEA-India Energy Outlook, Nepal- Electricity Demand Forecast

Report (2015-2040)
Bangladesh .
= South Asia Power Installed

Capacity Fuel Mix -2018 )
Mid Size power system (16 GW)

with high gas dependence

+ Interconnected with India

» Declining Gas reserves-Resource
Crunch, 660 MW import from
India

Very Large Power System (344 GW), Largest

energy consumer and supplier in SA region

« Third largest producer and fourth
largest consumer globally**

« Large coal reserves, import of oil & gas

» Interconnections with Nepal, Bhutan and
Bangladesh.

» 114 GW of Renewable Energy (including Large
Hydro)

B e A
Million Units in 2017 Sri Lanka

Small power system (4 GW)

* Hydro capacity nearing full potential

+ Focus on conventional (gas/ coal) and
renewable for future developments.
High Peak Demand, Fuel mix is
changing

32%
Renewables

i
02 0
+ Fragmented and very
small power systems
« Diesel dependent, Limited
possibility of
interconnection

Maldives
1‘.

r
J-}_

win| o

H Coal H Diesel, Fuel Oil and Gas i Renewables-Hydro,Small Hydro, Wind , Solar and Biomass M Nuclear

Bangladesh and India have Land Border with ASEAN region through Myanmar

ydropower infrastructure development contributes another 25 percent of GDP through the construction sector. Source-http://www.worldbank.i org/content/dam/WorIdbank/document/SA bhutan- country snav:shot spring-2014. B
Source: Complied by Author from Various Sources-SARI/El Data Source, CEA-India, DHPS-Bhutan,
Ministrv of Enerev. NEA-Nepal CEB. Ministrv Energv-Sri Lanka . NTDC. NEPRA-Pakistan . DABS-Afehanistan

-

* Source- https://www.ibef.org/download/Power-October-20171.pdf and h
CBET-Cross Border Electricity Trade

and
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Vast potential of hydro power:350 cosl ol Natural Gas | Biomass e

(million (million (trillion cubic (million
GW (Kwh/sq.
Country tons) barrels) feet) tons) miper.da

440 NA 15 18-27 25 NA NA

[ Bhutan [P 0 0 26.6 30 NA 4825
Bhutan, Nepal, Pakistan, India » . ) - - | e

anglades . .

have 30,83, 59, 150 GW D india T 5,700 39 139 150 47 151,918
respectively. S o 0 0 0.06 0 NA NA
NA 0 0 27.04 83 3.6-6.2 3000

17,550 324 33 NA 59 5.3 24000

Nepal and Bhutan can build NA 150 0 12 2 NA 25000
exported oriented hydro 108,961 5906 95 223 349.33 208743

plants' Indian States and WAPDA (2011) for Pakistan and Other Sources
g South Asia-Only 17 % Hydro Potential Has been T
. .. 350 86.3
Significant Coal deposits in Developed 80.0
India and Pakistan. . w
200
er e 150 17 940.0
Coal deposits in Bangladesh yet .
. . 20.0
to be exploited effectively. Lt
0 —_— — 0.0
o X > " 5 > o > 2
& N & O S & & & &
In addition ,there is a huge & & & V@ M\
. Ao
renewable energy resources like
solar and Wind. [ Hydro Potential Tapped So far ( GW) == Hydro Power Potential ( GW)

=% of Hydro Potential Exploited

Trans-Regional Energy Connectivity Between the ASEAN Power Grid and the South-Asia Power Grid: Prospects and Opportunities/ASEAN Power Grid Summit 2018, 21 - 23 May 2018/Rajiv/SARI/EI/IRADE/Confidential ©SARI-2018
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Current Status of Cross Border Electricity Trade ( ) and Future Trading Scenarios
f\r) | 70.0 — .
Electricity Import (GW) by India from
2/\ ﬁ Current: India-Nepal CBET = 430 MW (AC-400,220, 60.0 Neighbouring Countries
\ 132, 33. 11 KV) 50
Current India-Bhutan CBET = 1450 MW (AC-400,220, P00
— q 35
< NEPA _4BHUTAN :
3 \\.\’ Gandak W ,M' chl,l 30.0 e
Tanakpur X Dhal he[g)fhrabl . éyj ’éiz/oolw Lo
Total CBET Ra;i‘:' g wr  NER s 8
trade in SA ffarpur Kaltalva - TamMua(r’:;I;:’l;:‘(ll;‘/Iare:gnw A . . : 3 I 3. I I
= 2543 MW India BANGLA >l ||| o o ol uil -1 I

2007 2012 2017 2022 2032 2037 2042 2047

400kV AC; W HVDC B8
@——>sde DESH
&/ z Baharampu. 5 1

bordr transmissin E R Bhiﬁafd\ (\\ B Import Least Effort( GW) H Import Dertermined Effort ( GW)
capacity = 4820* H Import Aggressive Effort ( GW) ® Import Heroic Effort ( GW)
- ]
(330“(/)| x’\;\; PPP Y c‘ﬂfgﬁ 4:;13.2 2?3%';23?:* E-.EaEMTJb?,GU,,Oe MW y Electricity Export_ (GW) fronr! Indiato
o e : Neighbouring Countries
Arrow [ MOWS Net Sh l\'\\ 8.0 i
B & yom o e 2017 Average cross border electricity tariff is = 5.6 Cents/KwH .

c 6.0

Bhutan-> India India> Bangladesh India-> Nepal
e Tala: 1.80 INR/kWh for ¢ NVVNL: 2.40-2.86 INR/kWh * Treaty/Bilateral: Current 4.0

3.5
1styear (now 1.98 (Aug’14-May’15) (0.04 USS/KWH) 5.40 INR/kWHh (0.09 2 : 2 2 2
LG8t ey +  PTC: 4.26-5.00 INR/kWh USS/KWH) 2.0 ¥ a1 .
e Dagachhu: 2.40 (Dec’13-May’15) (0.071 USS$/KWH) | * PTC: 4.55, 4.35,4.30, 3.75 0.2 0.2 0.2 0.2 IIII III I
INR/kWh for 1° year INR/kWh (FY11-14) 0.0 —mmmm ! mdm—

e Tripura-Bangladesh

(started in 2015) (0.04 . N 2007 2012 2017 2022 2032 2037 2042 2047
USS$/KWH) Rs 5.50 per unit (0.091 US$/KWH) NVNL-NEA PPA (160 Mw) 3
INR/kwh 3.60 (0.05 M Export Least Effort ( GW) ™ Export Dertermined Effort ( GW)
US$/KWH)

B Export Aggressive Effort (GW) B Export Heroic Effort ( GW)

Source: Compiled from various  resources, News Paper articles etc. Graph: Date Source: The IESS, 2047 Niti Ayog (Erstwhile Planning Commission) ,GOI
- b d.

dhakatri 2018/05/17/54
* Total maximum transfer capacity of lines

Trans-Regional Energy Connectivity Between the ASEAN Power Grid and the South-Asia Power Grid: Prospects and Opportunities/ASEAN Power Grid Summit 2018, 21 - 23 May 2018/Rajiv/SARI/EI/IRADE/Confidential © SARI-2018
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Q Significant Transmission System
Interconnection ( Both AC and DC) are SOUTH ASIA POWER GRID
Planned and Proposed.

O Total current CBET cross border ) Add'Flonal B G‘A,’ Cross Border
Grid Interconnection by 2036

transmission capacity = 4820 MW

43.2 GW additional Cross Border
Transmission Inter. Capacity by 2036.

Large scale hydro power development in
Bhutan and Nepal.

Additional 500 MW* capacity ( India-
Bangladesh) by June,2018.

® & 6 6

India-Bhutan: - Mangdechhu -720 MW by
November,2018

<’ 1,200 MW Punatsangchhu-I Hydroelectric

Project likely to be completed by w0 v surrent Power Installe
1 Nepal-India 15800
Mar’2022 and 2 BhStan-lndia 17000
3 India-SriLanka 500
4 India-Bangladesh 4900
Nepal to
< 1,020 MW Punatsangchhu-ll Hydroelectric e
Project likely to be completed by Mar’2021  Grnenwe
- 6 India 1000
are at advance stage of construction . ? i 1000
8 Paiisat:::tan- 1000
9 Total 43200
10 By 2036 MwW
11 India -Myanmar 1500
By the end of 2018 - 2543+500+720= 3763 s
MW South ASia Power trade Sou.::z:lc’l\invaerspectiveTr::szmmi)ssion
Master Plan, Bangladesh- PSMP-2016, l =
Other Sources J ! | %

Other Sources 1Bangladesh-India Bheramara —Baharampur-Existing 500 MW

2 From Nepal 1,000 by 2030 Power import by using Case 3 T/L (upgrade to 765kV AC) and
5983 MW h . From Nepal (Purnea -Barapukuria), 1,000 by 2025, Power import by using Case 3 T/L (initially
SO Ut AS =] POWE r t ra d e 400kV AC) 3 Bhutan-Bangladesh via-_India 1000 MW-Bongaigaon/Rangia -Jamarpurl,000 by 2030-Power import from Bhutan
4 400 MW by 2020 ( 100 MW existing) Construction of HVDC (500MW) in Comilla Construction of HVYDC (500MW) in Comilla S/S. Some load (100 MW) in Comolia (N) S/S will be

disconnected from Indian System 5 1000 MW by2023 and 1000 MW by 2025 ( Power Import Using Case 2 T/L (+ 800KV HVDC) 6 1000 MW by 2030 Bibiyana-Meghalaya (PSPP)
7 At the Proposal Stage , detailed planning to be done.

' By the end of 2022_3725+1200+1020+= Complied from CEA-Perspective Transmission M:dsterP\an Bangladesh- PSMP-

* https://www.dhakatribune.com/bangladesh/power-energy/2018/05/17/500mw-to-be-imported-from-

india-in-june Source:- Bhutan Plant Schedules as per the http://cea.nic.in/reports/monthly/hydro/2018/bhutan-03.pdf



http://www.cea.nic.in/reports/others/ps/pspa2/ptp.pdf
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Indla s Power Sector Experience : It’s Relevance towards Integration of Power system

and Market Integration Development in Regional Context
O Electricity in the Concurrent List.

One National Market
One Synchronous

Grid — One Frequenc
\ "# F 4

North synchronized
with Central Grid

@ Both Centre and state have power to legislate and Govern, State &
Centre's policy, regulation coexist ( 29 states).

& Considerable amount of Coordinated Harmonization at legal,
technical and regulatory level happened over the years; successfull
integrated the regional grids.

& wix of HVDC (Bipolar, Back to back, Multi-terminal systems)
and HVAC interconnection

Q Integration of Regional Grid played the crucial role
for Development of India’s National Power Market.

Pre independence - small isolated system, Prior to 60s - State Grids’, During 60s - limited
interconnection between neighboring states, /ate 80s — integrated grid operation through 400kv . Pre
1991-Asynchronous inter regional links; long distance HVDC links /b2b stations

= Inter Regional Energy Transfer (IRET) in BUs
- 100 Inter-Regional Transmission Capacity (GW)
100 E 84|
m m 78.05
50 E I /
0 _ _ ! _______ 2175

N 14.05
—
5 W $ %queo S TS L S P S oS DO 5.05
AN G AR F S S T ITFSF I TS Y ] ] ) 7%
GG C SR L &o, A A A A A A A A A A D 4D D D O 2001-02 2006-07 2011-12 2016-17

Systematic reglonal planning, grid integration, coordinated harmonization- 9 BUs in 2002 to 105 BUs of IRET by 2016

Tran<-Recional Enerev Connectivity Retween the ASEAN Power Grid and the South-Acia Power Grid: Procsnecte and Onnortunitiec/ASEAN Power Grid Summit 2018 21 - 22 Mav 2018/Raiiv/SARI/EI/IRADE/Confidential ©SARI-2018
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_ ~ World's longest Voltage level — Test station
multi-terminal HVDC to harness hydro power Charged in Oct.’2012 and on

September 2015-Biswanath Chariali — Agra line went 26th. November,2012 Noyember
online, capable of carrying 6,000 MW across 1,775 km dedicated to Nation

+800kV, 6000
MW Raigarh-
Pugalur-North
Trichur HVDC
Bipole link
under
Implementation
-1,830 km long

765kV

Voltage (kV)

1977 1990 2000 2002 2012 2017-18
Year



Growth In Transmission Capacity

Growth in Transmission
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Trans-Regional Energy Connectivity Between the ASEAN Power Grid and the South-Asia Power Grid: Prospects and Opportunities/ASEAN Power Grid Summit 2018, 21 - 23 May 2018/Rajiv/SARI/EI/IRADE/Confidential ©SARI-2018
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¢ Private Urban Licenses ‘

e Vertically Integrated State Electricity Boards, Planning-CEA, Electricity

R s pply Act

75
)
1975- ° Central Sector Generation-NTPC (1975), NHPC(1975), NEEPCO (1976), NPCIL (1987);

89 Transmission-PGCIL(1989)

* Opening up of Generation Sector, Independent Power Producers, Electricity Supply Act

Amended (1991), Mega Power Policy (1995), State Reform Acts- 9 states passed State Reforms
Reform Acts, Unbundling & Privatisation of Orissa SEB (1995) ; followed by HR & AP Introduce
* Electricity Regulatory Commission Act; Setting up Independent Regulatory Commission- : Idb |
CERC and SERC constli:i:d ilr‘\y:;me
e Electricity Bill Introduced (2001), Report on SEB dues , Privatisation of Delhi, Power Trading e
Corporation (1999)

e Land Mark EA-2003 Passed; Creating competition in the industry,De-licensing Generation, LU
Competitionin  the Sector, Open Access, Trading as Distinctive Activity and Power Market buyer-

2003  Independent System Operator o Seller
Market
* Holistic Development of Sector, Competition with Regulatory Oversight (EA-2003), 2005 -
Post  National Electricity Policy , 2006 — National Tariff Policy National Tariff Policy, 2008-Hydropo
2003  Policy, R-APDRP, Rural Electrification , NAPCC o

\Pmt/ e Competitive Power markets, Open Access Regulations (2004,2008) ,Evolution of Power s Competitiv
2008 Exchanges (PXs), products at PXs , ISO, Power Market Regulation, Cross Border Trade of e Power
Electricity Guideline, CBR & Draft CBTE Regulation Market/PX

With the Legal Framework mandated under EA Act-2003, Power Trading and Power Market Developed — Legal, Regulatory Framework is Important, |
though Initially friendly Guidelines/Regulation and calibrated approach were adopted to promote investment and Market Development

Trans-Regional Energy Connectivity Between the ASEAN Power Grid and the South-Asia Power Grid: Prospects and Opportunities/ASEAN Power Grid Summit 2018, 21 - 23 May 2018/Rajiv/SARI/EI/IRADE/Confidential ©SARI-2018
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The demand-supply deficit has progressively reduced over the last five years. For the First time India is expected to be
power surplus in 2018

Share (10%) of Private Sector -
2001

11,471

Demand-Supply
Peak Deficit
(MW)

Energy Deficit
(Million Units) ‘

M Installed
Capacity-
State

-4.239% -3.57% -2.10%

M Installed

==L Capacity-
e SRS _ 1 500 = _4.7% © X . . L. WL . . Center

~FY11QEFY128EFY13 FY14iFY15’FY16 FY 17QF
0

, H Installed

-9.8% -9.0% Ca.pacity-
(4,903) Private

-10 6°/o, (6,103

Share (45 %) of Private Sector -2018

I=siDeficit [MU]
(12,031) § (12,159) & mDeficit [%]
(13,815)

I==iPeak Deficit [MW]
e mDeficit [%]

High Deficits: In 1997 Energy and peak deficits were 11.51% and 17.97% respectively, Country Recorded the lowest ever
| demand-supply gap (2017) both in terms of energy (-0.70 %)and peaking (-1.6%)

- _ﬂm v - W T 3\
Source: CEA Report-http://www.cea.nic.in/reports/annual/Igbr/Igbr-2017.pdf-2018 s proje nstalled capacity in India- 344 March, , 3rd largest producer argest consumer of electricity in the world
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Competitive Power Market

30+
Transmissio
n Licensees

43 Trading
Licensees

System
Operators

1 NLDC, 5 LDGCs,
29 State SLDCs

Distributio
n Utilities

1 National Regulator

(Central Electricity Regulatory Commission-CERC)

29 State Regulators (state Electricity
Regulatory Commission-SERC)

Complex framework :More like
a continental Market Structure

Market Participants > 3000 Nos
Transactions ~ 45,000 Nos./yr

ST power market transaction in FY 2017 was 119.23 BU or 10.3 % of total power procured

Trader-33.51 BUs, Power Exchange- 41.12 Bus, DSM-23.22
Bus, Transacted Directly between DISCOMs -21.38 BUs

Trans-Regional Ener,

vity Between the ASEAN Po

8.00 15.00
What is for the Consumer ? "
\ =< Prices in the Short Term Power Market 2
"10.00
4.00
E 5.3
S 5.00
2.00 =
' 3.85
0.00

0.00
2008-09  2009-10 2010-11  2011-12  2012-13  2013-14  2014-15

2015-16 2016-17
e Price of Electricity transacted through Traders (INR /kWh)

e Price of Electricity transacted through through Power Exchanges (DAM+TAM) (INR /kWh)
e Price of Electricity transacted through through DSM (INR /kWh)
e Price of Electricity transacted through Traders (Cents/kWh)

» Price have gone down due to competition, choice and market. Benefit to the Consumer
» Price through Exchange : X 7.49 /Kwh (11.5 Cents) in 2009 to X2.5/ /Kwh (3.8 cents) in 2017
»Price of Electricity (Trader): X 7.29/Kwh (11.2 Cents) in 2009 to 3.53/Kwh (5.4 Cents) in 2017

Size of Short Term
Power Market
X 240 Billion (4.2
\ Billion US $)

2 Size of Bilateral
Trader Market
% 145 Billion (2.43
Billion US $)

Share (%) of Market Segments , 2016-17
ae

Size of PX Market
% 95 Billion (1.59
Billion US $)

= Bilateral Transactions = Bilateral Transactions
through traders between DISCOMS

Transactions through = Long Term Transactions

= Power Exchang
Transactions

eport on Short-term Power Market in 6
o H
Short eFH refers to contracts of less than one year- Includes bilateral trader segment , power exchange
d Oppe

ver Grid Summit 2018, 21 - 23 May 2018/Rajiv/SARI/EI/IRADE, segment with transactions, DSM segment, ,Direct transactions of electricity between DISCOMs.

jal ©SARI-2018
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Current CBET
Trading
Arrangements

Chukka (336 MW) , Kurichhu
(60 MW) Hydro Projects —
Long Term Contracts
Tala Hydro Project (1040
MW)-Long Term Contract
Dagachhu Hydro Project (126
MW)

Bhutan (
Exporter) 2>
India

Contract with TPTCL (Trader)
(Long Term)- Sold in India
Power market *

Long-term contract with

NVVNL for 250 MW
India (Net

Exporter) 2>
Bangladesh

Medium-term contract with
for 250 MW

160 MW India-Tripura

Bilateral contracts / Treaties

India( Net to the tune of 300 MW

exporter) >

130 MW More
Nepal

Type of Transaction i.e.
Negotiated (Gto G)
based on Negotiation
or Market determined

Negotiated (Gto G)

Negotiated (Gto G)

Commercial

Negotiated (Gto G)

Market determined
/Commercial

Negotiated (Gto G)

Negotiated (Gto G)

Market determined
/Commercial

Market Maturity

Possible -Phases o
Market development
for CBET

Derivatives,
financial
y oducts etc.

Auction
Markets

Recent Gol
Guidelines cover
these features**

Deemed
Trading

| Time

** Only TAM, Intra day/Contingency Contracts is allowed as per the GOl Guideline

Even though CBET Policy Governing Framework is mainly through Bilateral Agreements/MoU between Countries. Commercial
/Market form of CBET and Price Discovery is established ( Mix of Long , Medium, Short and Power exchange based CBET +++)

Trilateral Memorandum of Und ding between

h, Bhutan and India for Cooperation in the field of Hydroelectric Power had been worked-d out and * Power from the Dagachhu HPS is being sold to various India buyers on bilateral basis in the short term market.

noted that it would be signed at an occasion when leaders of all three countries would be present together. -India - Bangladesh Joint Statement April 08, 2017 **http://cercind.gov.in/2017/draft_reg/Annexurel.pdf *** Power exchange based CBET yet to start though TAM, Intra day/Contingency

Grid and the South-Asia Power Grid: Prospects ai

een the ASEAN Power

1d Opport:

es/ASEAN Pow:

mmit 2018, 21 - 23 May 2018/Rajiv/SARI/EI/IRADE/Confider

ntial ©SARI-2018

Contracts is allowed as per the GOl CBTE Guideline
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Lessons Learned from South Asia Power Grid development , CBET & Development
of Regional Power Market

Deepening bilateral trade, accelerating the implementation of planned projects. Mix of
AC/HVDC connections for safe and secure integration of power system.

Disseminate the positive benefits of trade, making consumer central in CBET argument.
v Different of policy,

While deepening bilateral trade, recognising the market form of trade- allowing bilateral trade legal, and
on commercial/market basis.(Out of 2543 MW , ~ 510 MW -commercial/market basis). regulatory

mechanisms

Bottom up Approach for Regional Regulatory Framework (RRFs) for CBET & Institutionalisation
of CBET process : Coordinated Harmonization through existing mechanism for CBET only, This
will make preparation /adoption of regional regulation acceptable easy and acceptable. RRFs v'Countries are

are important. Different stage of
power sector ,

Strong level of operational, system operator, technical/grid code harmonization, Joint Planning ,
imbalance settlement mechanism via formal/informal Institutionalised process is a prerequisite depth of regulatory
framework

Innovative ways to address legal issues, without pursuing long process for amending Laws

v Building Strong of

transmission system
interconnections;

Opening up of electricity sector guided by respective national priorities with the aim of
promoting competition*, Regulatory & Technical capacity building. Opening of Power
Exchange for CBET

No preconditions such as sector reform, unbundling etc for CBET, Co-existence of different

degree of market reform in different South Asian Countries. v'Developing

Regional Electricity
Taking steps for trilateral cooperation/trade , sub regional, transit trade (India-Bangladesh- Markets from

bilateral markets

India) Road to Regional full scale Multilateral trade is through bilateral, trilateral and sub
regional route. Allowing CBET through Power Exchange (Gradual opening of Products**)

* SAARC framework agreement for|
energy-cooperation-(electricity)

**Term Ahead,, intraday/contingency Markets are allowed now
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Energy Resource Complementarity SUB REGIONAL HYDRO POWER

between South Asia -ASEAN HUB (Potential in GW)

LAO-PDR
Eastern Part of . 26

100% Thailand m 15

90%

80% Myanmar g 45
70%

ol Nepal oy 43
50% rh-East India _ 63
40%

30% Bhutan 30
20%

10% 50 100
0%

Coal ioil (million __Natural Hydro &Wind

million® barrels) & Gas % (MW) (MW)
9O O tons) ==(Billion
mSouthAsia "¢ g asEAN

O Complementarity of Energy Resources.
O Differences in energy resource endowments relative to demand

0 Access to Large Market -India Locational factors favor cross-border connectivity

Hydro
Potential
in GW

O Optimal hydro thermal mix- better load balancing -peak/off- peak load,
Renewable Load Management.

Difference in time zones is high (Time difference as much as 3 Hours between SA-ASEAN countries)
.Difference in daily load curve- Timing Peak Load.

@Economies of scale and operation from building regional power plants/transmission systems SN e T G
-linking electric power grids G 108561 ECZE)

0il (million barrels) G 15674 | 21580 |
Natural Gas (Billion Cubic 95,000 -ZSSSM E ig l
Hydro (MW) EYLEEN 301570 |

Wind (MW) 2,08,743 | 295743 |

Olmproved energy security and reliability via diversification of supply, Reduced environmental damage- access to clean sources such as

h dropower *https://www.easter index. her-articles/3626- es
Disclaimer: By making any reference to a particular geographic area or by using the term “country” and Map in this document, IRADE/USAID does not intend to make any judgement as to the legal or other status of any area/Map. The map used is without prejudice to the status of or s overe\gn!voveranvtemlow ;S HeldEIT| i Brior | EREEHGn ro L HEree boundaries, and to
the name of any territory, city or area
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@ Taking Steps to increase import of electricity form South ~ .
Asia (i.e. through India) to ease out power shortage N .
situation and increase the power availability in Particularly

in Myanmar (Bridge Country Between South Asia and ASEAN ) J

Myanmar

@ Establish more no. of HV cross border transmission B8
interconnection across borders and build evacuation -
capacity to main load centers.

Lao PDR The Philippines
Vietnam I Power surplus

I

Cambodia

u Brunei Darussalam

Thailand

I Power shortage

OAccessing Power Market in India, A Vibrant power market &
power exchange platform exist . Multiple source for best

Price Pick.
@ Competitive Price- APCC, Trader and PX price are 5.3, 5.4 and

e "\
o | ’ . 3, 5. ' -(
3.8 cents/Kwh respectively-Taking Advantage of Indian Power market v... -~

Indian Power Market price trends (Cents/KWH)

- Smgapore Indone5|a
t

Malaysia

@ Low Hanging Fruit- Tie up PPA with the Projects

Competitive Power Market In India

e 600+ Tran:r::ssion
“ﬁ 8896 MW of i
8276 MW Of Generatlng . =

5 Licensee
i not yet Stations
> Pﬁggg'j;ﬁ]ngﬁf hCommissioned 43 Trading

. . 2 Power Licensees

Project with

PPA Exchane ' System 2009-10 2010-11  2011-12 2012-13  2013-14 2014-15 2015-16 2016-17
O t PPA 70+ Operators Price of Electricity through Traders (Cents/kWh)

DiStri bution 1N LDC’ 5 LDCS, Price of ici through through Power Exchanges (DAM+TAM)(Cents/kWh)

Utl I ltles 0 State SLD Price of icit through through DSM (Cents/kWh)
Source:-http://164.100.47.193/Isscommittee/Energy/16_Energy_37.pdf

Trans-Regional Energy Connectivity Between the ASEAN Power Grid and the South-Asia Power Grid: Prospects and Opportunities/ASEAN Power Grid Summit 2018, 21 - 23 May 2018/Raiiv/SARI/EI/IRADE/Confidential ©SARI-2018
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Country**

Indonesia (PLN)
Malaysia (TNB)
* Myanmar

Philippines (MERALCO)

Singapore (Singapore

Power)
Thailand (EGAT)

Potential Saving -Million USD -Benefits for

®
Indian Average Power Price - |  ASEAN countries (with out taking in to
2016*** account Transmission cost)
ASEAN-5's ASEAN-5's Price | Price | Average |Purchase from| Purchase | Purchase
average electricity|average electricity] from | From | Power | Exchange |[fromTrader| (1000 MW
tariffsin2015 | tariffsin2015 | Power | Trader | Purchase | (1000MW | (1000MW |round Clock 1
(USD/Kwh) & | (Cents/Kwh)) & |Exchange | (Cents/K| Cost | round Clock1|round Clock | year) ata
Myanmar * Myanmar* ~ [(Cents/kwh)| P f(cents/kwh) | year) lyear) |Price of APCC
0.09 9 455.52 324.12 332.88
0.08 8 367.92 236.52 2528
0.068 6.8(7.9) 262.8(359) | 131.4(227) | 140.16(236)
38 53 5.2
0.18 18 1243.9 1112.5 1121.28
0.15 15 981.12 849.712 858.48
0.10 10 543.12 41172 42048

* Source: REGIONAL COMMENTARY October 2016 ASEAN-5 Power Sectors-Given the liberalised power sectors of Singapore and the Philippines, their electricity
tariffs are market-driven. However, the electricity rates of the other ASEAN-5 members are regulated and controlled by their respective governments.
Myanmar -Electricity Tariffs: Wide range 35-150 kyats/kWh ; “Domestic tariffs” - largely residential customers 35-54 kyats/kWh; Non-residential customers
75-150 kyats/kWh. Industrial users pay 75 kyats per unit up to 500 units; 100 kyats from 501-10,000 units; 125 kyats from 10,001-50,000 units; and 150 kyats from
50,001 to 300,000 units (Average 92.5 kyats/kWh ( Apprx-6.8 Cents/Kwh) is taken for Calculation) (- Tariffs for gas-based power are close to Ky 105/kWhMyanmar
(Apprx-7.9 Cents/Kwh)-Benefits in Million USD ** Only ASEAN countries whose Data were available in the Public Domain were taken in to consideration.***-
CERC Annual Market Monotioring Report- 1USD@ 65 INR

L2oPOR The Phiippines
Vietam

I Power surplus

Cambodia
u Brunei Danussalam

" Power shortage
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Opportunities — Medium Term Outlook for Cross Border Power Trade and Integration ASEAN
and South Asia Power Grid

To take steps to accelerate the development of hydro power for South Asia Power Required Capacity™ in GW

Export of Surplus Only. South Asia Power Demand is high (SA by 2040 7 ;¢ w
needs 1367 GW of installed capacity by 2040), build 1. ’ '
transmission interconnection (India, Bangladesh) \\173 |
19
/" Total
@ Hydro rich ASEAN countries can focus on tapping South Asia market. 1367 GW M
\ " Neighbor
. High Renewable Energy Growth in SA (375 GW of RE* in India by /
2040-182 GW Solar and 142 GW wind). Power system needs a 1075
flexible, fast responsive with Demand response to address
intermittence. 53 GW of Spinning reserve requirement for India  ® Afghanistan  «iBangladesh Bhutan lIndia
onIy by 2040. = Nepal Pakistan m Sri Lanka
-t Hydro power and natural gas of ASEAN can provide Expected Renewable Energy Installe

balancing support-shall help in renewable energy 2%°°

integration. Exploiting the Ancillary Market in India. This 1500
will improve the viability of hydro projects. 100.0

Capacity**India (375 GW) by 2040

100.0

57.2 60.0 51.0
50.0 32.3 e
@ Both reservoir and pumped storage hydropower ** and gas |
. ¢ 0.0 —
are flexible sources of electricity- that can help to address o L

intermittence Wind d nd SOIa r M Others-Small Hydro Power +Waste to Energy+ Bio Mass etc. B Wind Power M Solar

* Do not include Large hydro

**Storage hydropower (including pumped storage) currently represents 99% of the world’s operational electricity sjtorja‘ge. ‘
Trans-Regional Energy Connectivity Between the ASEAN Power Grid and the South-Asia Power Gric



Regional Hydro Power (ASEAN and South Asia) can help in Inter-Regional Renewable Energy

Grid Integration and Grid Balancing

E;(bect;ed Renewable En.efgy—l;\;t—ailxed
Capacity**India (375 GW by 2040)

i L . AN ]

200.0 182.0
142.0 .

150.0 - . Hydro Power Regional

2 100.0 Grid Balancing
100.0

57.2 51.0
50.0 32.3
12.3 15.2
0.0 -
2017 2022 2040

H Others-Small Hydro Power +Waste to Energy+ Bio Mass etc.

** With out large hydro Source: Complied from India-IEA-India Energy Outlook, CEA Data , National
Electricity Policy-CEAand Authors' own Calculation

00 . 271G
[- Bangladesh-Renewable Energy Capacity

Addition* (3864 MW by 2041) 3864
4000
2896
3 2337 Myanmar
E 1729 ? : - : 45 GW
2000 1121 % « & y ! otal Po ]
o e % ) : )1 s Woswx tal P igubﬂf |
0 E v
2016 2017 2018 2019 2020 2021 2041 ¢ “_ - B 0,
* Source- PSMP -2016 and SREDA website p Thailand \
2000 . . / 156w =
Sri Lanka Renewable Energy Capacity N
. Addition* (3454 MW by 2037) Karnataka
s Chitradurga 8 10 GW
I I Complex
a
0 I u_ II II I I m
2022 2027 2032 2035 2037 \
* Source- Sri Lank: LTGEP 2018 2037
H Mini hydro Capacity(MW) = Wind Capacity(MW) = Biomass Capacity(MW) Solar Capacity(MW)
3000 Northern
2100 Nepal -Renewable Energy (2370* MW by 2030) ASEAN
2000 Countries
1000
220 50
0 ]
o Solar Bio Mass+ Small Hydro
epal-INDC

Disclaimer: By making any reference to a particular geographic area or by using the term “country” and Nlap in this document, IRADE/USAID does not intend to make anyjudgement 35 o thelegal orcther status of any area/Map. The map used is without pre]ud\ce to the status of or sovereignty over any territory, to the delimitation of international frontiers and boundaries, and
to the name of any territory, city or area, nal Energy Connectivity Between the ASEAN Poy rid and the South-Asi Gri

ummit 2018, 21 - 23 May 2018/Rajiv/SARI/EI/IRADE/Co




Integrated Research and
IRADe Action for Development

FROM THE AMERICAN PEOPLE

*Opportunities —

Long Term
Outlook 2%

for Cross Border Power
Trade and Integration of
ASEAN & South Asia Power
Gri



. Cross Border Power Trade is
Increasing Significantly in the
South Asia and ASEAN and GMS
Region. These region
complementarity is very high.

. India-Myanmar Grid Connection

Myanmar the Energy Bridge
between Regions ( SA- ASEAN)

. North —East of India-Bangladesh-
Eastern Region of India

Lao PDR-Thailand-Malaysia-
Singapore Grid Interconnection
Project (LTMS-PIP)

.CASA-lOOO- Central Asia-South
Asia.

.Pakistan-lndia and Pakistan-lran
Power Link

Many countries have low per
capita electricity consumption and
access of electricity one of the
lowest). Asian region untapped
energy resource is very good.

territory, to the delimitation of international frontiers and boundaries, and to the name of any territory, city or area.
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ing the potential of

Tranc-Regianal Enerev Connectivity Retween the ASEAN Pawer Grid and the South-Acia Pawer Grid: Procnecte and Onnortiunitiec/ASEAN Power Grid Summit

power trade in Asia from Tajikistan to Singapore
Disclaimer: By making any reference to a particular geographic area or by using the term “country” and Map in this document, IRADE/USAID does not intend to make any judgement as to the legal or other status of any area/Map. The map used is without prejudice to the status of or sovereignty over any.

Source: http://www.casa-1000.0rg/Docs/CASA1000Brochure.pdf
2018 21 -22 Mav 2018/Raiiv/SARI/EI/IRADE /Confidential ©SARI-2018
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How to Integrate South Asia and ASEAN Power Grid ?
Possible Trans-Regional Transmission Interconnections South Asia
and ASEAN
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Stages for Power system Integration and Power Trade between ASEAN and
South Asia Power Grid

_— =
"=

/ = - .
_== “Full Scale Intra-Regional Multilateral & ~~
Inter-Regional Bilateral Power Trade

——
—————_-- ---—-~-~
-~
- ~.
.” -~

Intra-Regional/Sub
Regional/Trilateral Power Trade
Inter-
Regional
Bilateral

(India-
Myanamr

Active
Advance
Stage

Current
Stage

v/SARI/EI/IRADE/Confidential ©SARI-2018
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.Considering the
terrain, possible
interconnection with

India could be through \REAODI :

the state of Manipur / TMU(MYANMAR);_‘,

"

Mizoram(India) o [ VG

through Myanmar to
ASEAN

. The interconnection
possibility with

Bangladesh is also . T.Bl_\
needed. W

@ While larger
interconnection will
take time, steps
should be taken to
increase more no. of
border town
interconnection with
India.

India and Myanmar exploring the Possibility of
developing a coal based power plant at Kalewa
Shwe Taung Development Co Ltd has shown interest in setting up a 500MW
hydroelectric power plant in the Rakhine state and %{ﬂ%’;&ﬁ"?ﬁg’f‘éﬁ& Ct;cvp‘WBBgagelna

desh.

N HYAWADDY (AR
U,;V‘ |

mphel, [ %

“ o0 MAE SOT (THAILAND)
AYANG

THALAND. s

Source: Presentation by Myanmar Electric Power Enterprise, Ministry of Electric Power

Possible Interconnection -South Asia-ASEAN
G | ' - OUTLINE OF POWER SYSTEM EXPANSION IN 2030
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Possible Interconnection -South Asia-ASEAN

SOUTH ASIA POWER GRID ASEAN POWER GRID
Existing-5,212 MW* , On-going (Up to 2021)-3,199-3,269 MW,
(Future-2021)-2,074-23,224 MW , Total -28.48 GW -31GW

Additional 43.2 GW Cross Border
Grid Interconnection by 2036

by 2036/40

1 Nepal-india 15800
2 Bhutan-india 17000
3 India-Sri Lanka 500
India-
4 Bangladesh 4900
Nepal to
Bangladesh via
5 India 2000
Bhutan to
Bangladesh via y
6 India 1000 o 3 4
7 India-Pakistan 1000 AI I Fi g are in MW ¢ { e B il tlptaein
Afghanistan- " E ° §
8 Pakistan 1000 3
9 Total 43200 X
10 By 2036 MW 230 MW b
11 India -Myanmar 1500 . Saravak-W.Kamantah
Bangladesh- || GEERRRRETT . el o SN i« / . Wl YNO, NNV T tsm-mmmmmmeeee ¥
12 Myanmar 500
Total MW 45200 Source: Complied from CEA-Perspective
1 g
Tf::;:;g::‘m::‘;‘; ission Master Plan, Bangladesh- PSMP-2016,
‘ Other Sources

Bangladesh- PSMP-2016, Other
Sources , Authors Source

1 India Bh Existing 500 MW
2 From Nepal 1,000 by 2030 Power import by using Case 3 T/L (upgrade to 765kV AC) and

From Nepal (Pumea -Barapukuria), 1,000 by 2025, Power import by using Case 3 T/L (initially

400kV AC) 3 Bhutan-Bangladesh via-_India 1000 MW-Bongaigaon/Rangia -Jamarpur1,000 by 2030-Power import from Bhutan

4400 MW by 2020 ( 100 MW existing) Constructior of HVDC (500MW) in Comilla Construction of HVDC (500MW) in Comilla S/S. Some load (100 MW) in Comolia (N) SIS will be

disconnected from Indian System 51000 MW by2023 and 1000 MW by 2025 ( Power Import Using Case 2 T/L (+ 800KV HVDC) 6 1000 MW by 2030 Bibiyana-Meghalaya (PSPP)
7 Thailand — Myanmar : Mai Khot — Mae Chan — Chiang Rai (369 MW). Hutgyi — Phitsanulok 3 (1,190 MW). Ta Sang — Mae Moh 3 (7,000 MW). Mong Ton — Sai Noi 2 (3,150 MW). p N A
8 Thailand - Lao PDR (Existing-3,584 MW) - Roi Et 2 - Nam Theun 2, Sakon Nakhon 2 ~ Thakhek — Then Hinboun (Exp.) Mae Moh 3 - Nan - Hong Sa , Udon Thani 3- Nabong (converted to 500KV) , Ubon Ratchathani \ karta p ]

3 - Pakse — Xe Pian Xe Namnoy 9 Lao PDR— Vietnam (Existing-290 M) Xekaman 3 — Tranhmy, Xekaman 1 — Pleiku 2 10 Vietnam — Cambodia-Exist-200MW- (New)-Chau Doc — Takeo — Phnom Penh, Tay Ninh — Stung Treng. R 4 = Source: HAPUA Presentation
11 a0 PDR ~ Camboda-12 T habind ~ Camboda (Exist-120 MW)- Aranyaprathet — Banteay Meanchey, Thailand — Cambodia 13. P.Malaysia ~ Singapore- (Existing-450 MW) Plentong ~ Woodlands, (214 link

Plentong - 14 Thalinand-P. Malaysia (Existing-380 MW) -Sadao - Bukit Keteri, Khiong Ngae — Gurun , Su Ngai Kolok - Rantau Panjang, Khiong Ngae — Gurun (2nd Phase, 300MW)

* Status of ASEAN Interconnection Projects by Regions (Updated in Mar 2016)-Existing-5,212 MW , On-going (Up to 2021)-3,199-3,269 MW, Future-20,074-23,224 MW , Total -28,485-31,705
Mw

ASEAN+ South Asia Power Grid -Will be one of the world's Largest Integrated Trans-Regional Power
System by 2040 = 1996 GW ( 1367* GW + 629** GW)

d/en/8461

frontiers and ies, and to the name of any territory, city or area.

Disclaimer By MaKing any Teference o 3 partictlar geographic 32 or by Using the term Tcountry and Nap e e T e Or U D o o rT N T T e T e e O T e o oo o e T T e T aD e T W OUT T eI T T STt O O yETe gnty overany (e mieTy o


http://www.cea.nic.in/reports/others/ps/pspa2/ptp.pdf
http://documents.worldbank.org/curated/en/846141468001468272/pdf/WPS7341.pdf
http://documents.worldbank.org/curated/en/846141468001468272/pdf/WPS7341.pdf
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Power Market 9=
Model/Options for s
Power Trade
between ASEAN
and South Asia
Power Grid and
system Integration

Trans-Regional Energy Connectivity Between the ASEAN Power Grid and the South-Asia Power Grid: Prospects and Opportunities/ASEAN Power Grid Summit 2018, 21 - 23 May 2018/Rajiv/SARI/EI/IRADE/Confidential © SARI-2018
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Market Model for Power Trade between ASEAN and South Asia Power Grid- Development of
Cross Border Transmission Infrastructure

Approach for Development of Cross Border A .
Transmission Infrastructure & it’s economic utilization Possible-Phases of -
Market development ;
for CBET Pro

Auction
| Markets

Market Maturity

» 3 Recent Gol
T‘ Guidelines cover
. . these features

Licence

I

Deemed
Trading
Licence

Market Segment
Balance Product Portfolio

-

Time
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Trade Investments RISk

-— - ———— —_—

Why Inter-Regional Cross-border Political: What happens if for political reasons the flow

Electricity Trac_ieklnvestment are A;;%zcgﬁcﬂsl'[!océ is prevented in the exporting, intermediary (if relevant)
Risky . orimporting country ?

» Project risks in general tend to be a
high with out a comprehensive
Policy, Regulatory framework for “cY ) Regulatory: What happens if the domestic Policy,
large CBET project development. e 4esC“ “regulatory  framework changes which impacts
po\\CY nnp xCBETprOJect/Investment ? What is the protection
= Inter-Regional Cross-border element nO v .an\ available to buyers/sellers/Investor ?
greatly amplifies the risks due to
geopolitical, economic and trade v

related factors. Economic: What happens if the economic

[ ~“assumptions on the project changes? What is the

. ~ protection available to buyers and sellers ?
= Even projects that appear to have

feasible , rationale, economical in

practice struggle to get it financed = Trade Barrier: What happens if a tax or duty that
and built 7]:'.‘::]" affects the economic fundamentals is imposed ?

= Project risks in general tend to be
high in countries without wide
experience on large project
development and cross border
trade.

Infrastructure: What happens if the infrastructure to
» transfer the energy is not built or is not available
~ when needed ?

rans-Regional Energy Connectivity Between the ASEAN Power Grid and the South-Asia Power Grid: Prospects and Opportunities/ASEAN Power Grid Summit 2018, 21 - 23 May 2018/Rajiv/SARI/EI/IRADE/Confidential ©SARI-2018
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Need for Comprehensive Investment Friendly Inter-Regional Investment

Framework for Inter-Regional Power Trade between ASEAN and South Asia

Inter-Regional Cross border power trade

* Guidelines/ procedures/ frameworks for qe=s==s==
undertaking Inter-Regional / Inter-Regional
—bilateral CBET generation and Transmission

Policy drivers and inhibitors
-=====sp* Repatriation of profits and tax on
expatriates income

*  Minimum capital requirement

projects 5 : f foreian i
* Transmission Planning: (Inter- Regional OrOteCtl(?:l'O o!'elgn investment
Planning) utward direct investment

* Limits on foreign equity participation
* Stable tax regime and Corporate
governance

* Technical & Operation challenges - grid code
* Transmission pricing framework
* Open access rights, Power market
framework
* Deviation settlement mechanisms
* Legal & Regional regulatory framework for
CBET.
Incentives offered to developers
* Fiscal benefits - Tax holidays
* Concessional interest rates
* Incentives — Export incentives,
Exemption of electricity duty
’ =e=====sp and excise duty
s *  Off-taker Risk:-Addressing

PPP attractiveness
e Contractual framework
* Royalty regimes

Legal , Regulatory

« Standardize contract documents "~ : through Currency hedging
(F_’PA & TSA) . (Currency swaps, options,
* Single window clearance For investment protection forward contract)
* Regional skill development center * Protection of Investment e USD denominated PPA
* BOO, and BOOT business models * Dispute settlement mechanism
under PPP * Contract enforcement
Guarantee against expropriation * Regional Regulatory framework

* Regional Investment Protection Treaty
* International investment agreements (BIT, FTA)
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Way Forward

- ————

@ start with Inter-Regional Bilateral Power Trade: Bilateral flows under a commonly accepted legal and
contractual framework creates confidence. Prior to investing in specific cross-border assets, simple trading
mechanism provides confidence.

@ Detailed Transmission planning study: Need to carry out detailed study for transmission interconnection
between South Asia and ASEAN through Myanmar.

@ sub Regional Approach. BIMSTEC and ASEAN can cooperate among each other. Expedite the signing of the
BIMSTEC Trans-power exchange and grid interconnection, hydropower development, energy security.
Myanmar is the gateway to ASEAN.

@ Learn by doing From the Experience: Trade will throw valuable experiences. Create the institutional structure
and capabilities that can record/retain that experience and put to use at the investment stage.

@ Keep up the Momentum and Visibility: Large scale Investment will require much more than trade. Keep
building on the institutional structures, treaties and agreements that will provide long term visibility.

@ Capturing the Need of Non-Energy Benefits of Hydro: Non-Energy Benefits of Hydro needs to be captured in
the context of Renewable Energy Integration and Grid Balancing. Need to build Market Mechanism. Declaring
Hydro as Renewable Energy.

@ Harmonization/Coordination of Policy and Regulations: Regional policy and regulatory framework, Regional
Transmission master plan for CBET. Regional Regulatory framework.

@ Integration of power markets : Balance mix of Negotiated and Commercial/market determined Tariff for CBET.

@ Investment Friendly Investment Framework: Investment Friendly Inter-Regional Investment
Framework for Inter-Regional Power Trade

= o c
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“You can't cross the sea merely by standing and staring at
the water.” - Rabindranath Tagore

Thank You

Contact
rajivratnapanda@irade.org
rajivratnapanda@gmail.com
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iew o South East Asia

Energy Overv

Low levels of energy access and high reliance
on biomass and hydropower; increasing
domestic gas production.

2o PeopesDemocratic Repulc (A0POR) W vietham

Significant hydropower potential with aims Growing energy demand has led to increasing imports
to export to neighboring countries. despite domestic production of fossil fuels; making
progress towards introduction of nuclear power.

Heavily dependent on imports; world's
second-largest geothermal power producer.

Second-largest energy consumer; oil and
gas producer, but increasingly dependent

on imports; gas is primary fuel in electricity. ’ « Bangkok | 2 ' “
"'.S H—rr-fl Manila

L ! 3 '*_‘f,' Third-largest energy consumer;
. " p)§ | Workdssecond rgsst ING exporterin 2014
/ ‘ ‘1 _ oil exporter, but not a net producer.
Low levels of energy access and low per-capita

energy demand; potential for oil and gas production. Brunei Darussalam

Significant producer and exporter of oil and gas;
gas is domninant fuel in electricity.

-

Bandar Seci an

Key global refining and petrochemical hub ingapore
and developing gas-trading hub; almost
entirely dependent on energy imports.

O Jakarta
Largest energy consumer, rising domestic needs has led it to
recrient some energy production to domestic market;
world's largest coal exporter and major LNG exporter.

Source: [EA-WEO-2015-Southeast Asia Energy Outlook

Disclaimer: By making any reference to a particular geographic area or by using the term "country” and Map in this document, [RADe/USAID does not intend to make any judgement as to the Tegal or other status of any area/Map. The map used is without prejudice to the status of or
sovereignty over any territory, to the delimitation of international frontiers and boundaries, and to the name of any territory, city or area. Trans-Regional Energy Connectivity Between the ASEAN Power Grid and the South-Asia Power Grid: Prospects and Opportunities/ASEAN Power Grid Summit 2018, 21 - 23 May 2018/Rajiv/SARI/EI/IRADE/Confidential ©SARI-2018
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Potential implications and benefits of enhanced power grid interconnections South East Asia

Myanmar

= o O e

Could boost export earnings from Expanding interconnection capacity Electricity imports could reduce the need to
export-oriented hydropower projects. with other countries could help attract build new gas-fired and coal-fired power plants,
investment to further develop thereby reducing LNG and coal imports.

export-oriented hydropower resources.

| Thaid Hanci Philippines

Electricity imports could reduce the need Naypgldaw Electricity imports could enhance its energy

to build new gas-fired power plants to security, particularly as it currently imports most

Could increase export earnings
by fostering the development of
export-oriented hydropower projects.

Manilag

Electricity imports from neighbouring countries
could enable gas exports to be increased, by
reducing use of gas in the power sector.

Electricity trade could enable increased
hydropower generation in Sarawak.

Electricity imports could enable greater
diversification of its power supply, away from
the existing heavy reliance on natural gas,
and possibly reduce electricity costs.

aakarta

Connections with Peninsular Malaysia could enable more
efficient operation of power plants; a connection between

Singapore

Kalimantan and Sarawak could reduce the use of expensive

oil- and diesel- fired generation in Kalimantan.
Source: [EA-WEO-2015-Southeast Asia Energy Outlook

=P Expected electricity trade flow
B Exporter M Importer M Both

Disclaimer: By making any reference to a particular geographic area or by using the term “country’”” and Map in this document, IRADe/USAID does not intend to make any judgement as to the legal or other status of any area/Map. The map used is without prejudice to the status of or
sovereignty over any territory, to the delimitation of international frontiers and boundaries, and to the name of any territory, city or area. trans-regional Energy Connectivity Between the ASEAN Power Grid and the South-Asia Power Grid: Prospects and Opportunities/ASEAN Power Grid Summit 2018, 21 - 23 May 2018/Rajiv/SARI/E}/IRADE/Confidential ©@SARI-2018
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SOCI0-ECONOMIC INDICATORS

MYANMAR

2013 1993
waw  The 1¢ MoU lectrici rt
h The 1% gas pipeline o 11500 M) & Ty MEMBER ASEAN 5 ASEAN 10
(22 mtpa) crossed the was signed.

region to Kunming, China.
6! USS23 BILLION  USS 2,432 BILLION

THE PHILIPPINES
THAILAND CAMBODIA 1982

J 1990 2016 aﬁ The 1% pumped storage hydro power [ RERE e e e e
'~ The 1#wind farm power plant (150 kW) . plant (150 MW} was built in Kalayaan.
1" s connectsd to e grid in Laem Phromthep. The 1* utility scale solar . 1984 GDP PER CAPITA  uss122 Us$ 3,867
power plant without FiT 2 o

2011 scheme and government $<r’< The 1* nuclear power plant (E?S MWe)

W@ The 1% LNG regasification terminal (5 Mtpa) subsidy (10 MW) was built - was constructed (mothballed) in Bataan.
started operation in Map Tha Put. in Svay Rieng Province. r’ 1997
2012 4 The 1*'geothermal power plant (3 MWe)
The largest solar PV farm (84 MW) was was started in operation in Layte. ENEHGY |NDICHTURS
commissioned in Lopburi. 2014
2014 ‘f\ The largest wind farm (150 MW) started

The 1¢ floating solar PV (5.4 kWp) was operation in Burgos.
installed in Samut Songkhram.

TOTAL PRIMARY TOTAL FINAL ENERGY
12'rg1|§rgest o power lan ENERGY SUPPLY CONSUMPTION
| MALAYSIA | ¥ BRUNEI DARUSSALAM Ty
in Som La Dam.
N 1991 o w__ 1973 -
The 1* cross border pipeline (300 MMscfd) =T The 1% LNG plant (7.2 mtpa) started
commenced operation between Malaysia and operation in Lumut.
Singapore.
- 2015 INSTALLED ELECTRICITY
E The 1% Ultra-Super Critical coal power plant CAPACITY GENERATION

(1,000 MW) was commissioned in Manjung, Perak.

104.96W  205.4 GW 500.3 TWH 926.8 TWH

i

SINGAPORE

1973
The largest gas field (46 TCF) was found in East Natuna.
1970 « 2002
The largest oil refinery (592,000 bbl/d) started A, The largest geothermal power plant (6 units, 377 MW in RENEWABLE ENEHGY INDICATUHS
operation in Jurong. total) started operation in Mount Salak.
o 1979 . - 2012
& 0: The 1¢ Waste-to-Energy (16 MW) started operation E The largest coal power plant (9 units, 4,735 MW in total)
in Ulu Pandan. started operation in Paiton.

FROM THE TOTAL PRIMARY FROM THE INSTALLED
ENERGY SUPPLY CAPACITY

RN 2
* 13 Trans-ASEAN Gas Pipeline (TAGP) bilateral

projects connecting six ASEAN Member States I 13.6% I 2a3%
(AMS) with a total 3,673 km, _— —

Achieved the completion of additional physical
interconnection with capacity of 1,723 MW.

5,212 MW

the total capacity of the ASEAN Power Grid (APG).

ASEANIN 2017

+ 6 LNG regasification terminals with a total
capacity 27.5 mtpa.

sseseseseses

www.aseanenergy.org
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Resources in ASEAN Countries

gross reserves 16.74 63 983.4 3534.3
Myanmar Lao PDR The Philippines exploitable volumes 6.46 18.2 375.3 102.3
o | D | Percentage of gross e s B o
g Vietnam reserves(%) ’ ’ ’ ’
Of which: Indonesia (%) 28 86 81 45
; Vietnam ( %
Indonesia I High (%) 33 8 10
- Low Malaysia (%) 27 5 36
o = Thailand ( % ) 10
“"" Biomass Tidal Energy Solar
endandll (GW) (GW) (kWh/m?/day)
Renewable Energy Resources in ASEAN Countries
—
D;urﬂgsalam 0.07 9.6-12
Cambodia 10 5

Myanmar Lao PDR The Philippines Indonesia 326 28.9 75 49 48
u |’ Lao PDR 1.2 0.05 26 3663
A Vietnam

Thailand |2 — B Malaysia 06 2 45
— Cambodia .
— E Brunei Darussalam Myanmar 404 4 9
b, ;
Singapore Indonesia j High The Philippines 0.4 4 05 76 170 5
Malaysia » g S Low si 003007 315
= A -:. ingapore .03-0. b
L] - @y, - .
Thailand 25 15 556
- PR Vietnam 0.56 0.34 3% 7 0.1-0.2 45

Source: ASEAN Power Cooperation Report Tré‘h@nnalEnJﬂecuwtyBe\ween the ASEAN Power Grid and the South-Asia Power Grid: PFospects and Oppor NPower GRid Summit 2018, 2T =23 WMay 20T8/Rajiv/SART/ETTRADE/C OSART-20T! OUTCE ASEAN POWETr COOPETatiomREporT
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za PEOPLES REPUBLIC OF CHINA

2)

111)
INDONESIA (@ 1)
~ 0
T —
LEGEND < 13)
m— yisting TBC stands for to be confirmed 14)
. The original COD is according to AIMSTI results
e CunstructlunThe earliest COD information is as of Nov 2015.

-------- Future The Priority Projects, which refer to the APAEC 2016-2020, :g]]

areundetlined and indicated in Red.

Tranc-Resinnal Enerov Connectivity Retween the ASEAN Pawer

Grid and the So1ith-Acia Pawer

P.Malaysia - Singapore

» Plentong - Woodlands Existing

»  P.Malaysia - Singapore 2018
(2 link Plentong - Woodlands)

Thailand - P.Malaysia

»  Sadao - Bukit Keteri Existing

» Khlong Ngae - Gurun Bxisting

»  Su Ngai Kolok - Rantau Panjang 2014

» Khlong Ngae - Gurun (2nd Phase, 300MW) 2016

Sarawak - P. Malaysia 2015 - 2021

P.Malaysia - Sumatra 2015

Batam - Singapore 2015 - 2017

Sarawak - West Kalimantan 2012

Phlﬁpplnes —Sabah 2020

Sarawak - Sabah - Brunei 2020

» Sarawak -Sabah 2020

s Sarawak - Brunei 2012-2016

Thailand - Lao PDR

» RoiEt2-NamTheun2 Existing

s Sakon Nakhon 2 - Thakhek — Then Hinboun (Exp.) 2012
+ MaeMah3 - Nan - Hong Sa 2015
+ Udon Thani 3- Nabong (converted to 500KV) 017
+  Ubon Ratchathani 3 - Pakse — Xe Pian Xe Namnay 5q1g

»  Khon Kaen 4 - Loei 2 - Xayaburi

= Thattand Phao®BR Makhek
Lao PDR - Vietnam

2015- 2023

»  Xekaman 3 -Tranhmy Existing
»  Xekaman 1-Pleiku 2

Thailand - Myanmar 2016 - 2025
Vietnam - Cambodia (New)

+  Chau Doc— Takeo —Phnom Penh Existing
» TayNinh - Stung Treng 2016
Lao PDR — Cambodia 2011
Thailand - Cambodia (Hew) 2015 - 2017
«  Aranyaprathet - Banteay Meanchey Bxisting

s Thailand - Cambodia 20152017
East Sabah - Fast Kalimantan newly Proposed
Singapore — Sumatra 2020

Grid: Procnecte an,

2019

d Onnortiinitiec/ASFAN Poawer Grid Siimmit 2018 21 - 22 Mav

Existing
post 2020

Existing
Existing
TBC
TBC
2025
2021
post 2020
2015
TBC
2020
2020
2019

Existing
Existing
Existing
2019
2019
20

19
2019-2(8

2011-2016 2016 - 2020

Existing
2016

2018-2026

Existing
TBC

post 2018

post 2020
Existing
post 2020
TBC

post 2020

Integrated Research and

IRADe Action for Development

On-goin (Up | Future (MW) | Total (MW)
(MW) | to202)
(M)
Northem System (4152 [2489  [1574-18924 22395255465
0 {Thaland- laoPR 3,984 187 1,865 JAL
10 |laoPOR -Vietnam 1248 {200 5
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SouthemSystem [0 [0 [1gw |28
i {PMelysi- Sz (450 60 100
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Country
Brunel Darussalam
Cambodia

Indonesia

Lao PDR
Malaysia
Myanmar
Philippines
Singapore
Thailand
Viet Nam

Regulator
Dept. of Electrical Service
Electricity Authority of Cambodia

Dept. of Energy and Mineral
Resources

Dept. of Electricity
Energy Commission
Ministries of Electric Power
Energy Regulatory Gommission
Energy Market Authority
Energy Regulatory Gommission
Electricity Regulatory Authority

Regulator independence
Under the Ministry of Energy
Independent

Under the Ministry of Energy and
Mineral Resources

Under the Ministry of Energy and Mines
Independent
Under the Ministries of Electrical Power
Independent
Under the Ministry of Trade and Industry
Independent
Under the Ministry of Industry

Market structure
Single buyer
Single buyer

Single buyer

Single buyer
Single buyer
Single buyer
Price pool
Price pool
Single buyer
Cost-hased pool

Source: Syaiful 1. {2015) “ASEAN power market integration” presented at ACE-HAPUA-IEA-World Bank Workshop, 13 March 2015,
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) . . L. System Power Trading/Market
Country Policy Regulation Generation Transmission .
Operation Structure
Afghanistan Ministry of Electricity
Energy and Regulatory DABS DABS DABS Single Buyer (SB), DABS
1.3GW Water (MEW) Authority
Ministry of g angladesh £ BPDB, EGCB, APSCL
Bangladesh | power, Energy R T ’ ! ’ Single Buyer, BPDB, Multiple
d Mi : Regulatory NWPGC, IPPs, SIPPs, PGCB PGCB
16.3 GW andMinera Commission Rental Plants Seller (MS)
Resources
Ministry of Bhutan Power
Bhutan ¥ 2 . . Bhutan Electricity Druk Green Power Y w .
Economic Affairs K L Corporation BPC (NLDC) Export Licensee , SB Model
1.6 GW Authority (BEA) Corporation (DGPC)
(MEA) (BPC)
c : Multiple Buyer and MS
s o entral:
Central: Ministry e Model Central: Inter-state
oflPowerunden Central: NTPC, POWERGRID  [zel o ele BA ]
el Gol, State: Central: CERC,State: | NHPC, NPCIL, UMPPs,  (CTU), Private/JV (NLDC & 5 Licensees; State: Discoms
Power/Energy SERCs/ IPPs, MPPs Licensees / Trade Cos (Include State
344 GW Department RLDCs) .
d" g JERCs State: State-owned State: STUs, Holding Cos) / Intra-state
under the State Pri ]
GenCos, IPPs, CPPs rivate/JV State: .
Government . Licensees, Power
Licensees SLDCs
Exchange Platform
Nepal Ministry of . Ele:ctrlmty Ta,"ff Nepal Electricity SB Model —NEA, Multiple
Energy (MoE) Fixation Commission Authority (NEA), IPPs NEA NEA
9GW :4 (ETFC) y ) Seller (MS)
State-owned generating ]
Ministry of National Electric companies formed after R
Pakistan R on et s Transmission & SB Model , CPPA, Multiple
Water and Power Regulatory  restructuring of WAPDA Despatch NTDC
29 GW Power (MOWP)  Authority (NEPRA) | (CPGCL, JPCL, LPGCL, - Seller (MS)
Company (NTDC)
NPGCL) & other IPPs
Sri Lanka Ministry of Publl'c l.‘JtI|Itles _ Ceylon Electricity Board CE? ‘ CEiB . SB Model, Multiple seller
Power and Commission of Sri (CEB), IPPs Transmission Transmission
4GW Energy (MOPE) Lanka (PUCSL) ’ Licensees Licensees (Mms)

l*\

ﬁu

UAfghanistan
(DABS) UBangladesh
UMaldives  (Separate Uindia
(FENAKA) Trans. Utility) (Separate
UNepal (NEA) UBhutan G,T,D
USriLlanka  (Separate utilities)
(CEB) Gen.utility) OPakistan
(Separate
G,T,.D
utilities))

Tranc.Reoinnal Enerov Cannertivity Retween the ASEAN Pawer Grid and the Saith-Acia Pawer Grid: Pracnerte and Onnartiinitiec /ASEAN Pawer Grid Siimmit 2012 21 - 92 Mav 2012 /RAaiiv/SARI/EI/IRADE /Canfidential ®@SARILIN1R
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Ten Countries, 634 Million People 52

¥ Total Installed Capacity South Asia-398 GW Total Installed Capacity ASEAN 206 GW %
4.8 GW of Cross Border Transmission Capacity ( 3300 MW 5.21 GW of Cross Border Transmission Capacity
PPP)

Steps have been taken to move from Bilateral to

Steps are being taken to move from Bilateral to

Multilateral (Lao PDR-Thailand-Malaysia-Singapore Power

Multilateral (Trilateral Trade:- Bhutan-India-Bangladesh , ST tion Project (LTMS.PIP)
rid Interconnection Projec -

Nepal -India-Bangladesh)

Power Market Structure: Except India all other SA Power Market Structure: Except Singapore, Philippines,
countries have Single Buyer Model. In India-Competitive Vietnam all other ASEAN countries have Single Buyer
power market & power exchange exist. (Wholesale Model. In Singapore (Wholesale), Philippines (Wholesale
Competition) and Retail) have price pool structure, DAM market.

Vietnam -Cost Pool-

m Coal South Asia Power Installgi_gapacit%/Mix ASEAN Power Installed Capacity Mix

0,
m Diesel, Fuel Oil and Gas 32%

= Renewables-Hydro,Small Hydro,

Wind , Solar and Biomass 50%
Nuclear

|m|Coal |mi Oil |mlRenewables-Hydro,Small Hydro, Wind , Solar and Biomass |m{Natural Gas |s{Nuc

Trans-Regional Energy Connectivity Between the ASEAN Power Grid and the South-Asia Power Grid: Prospects and Opportunities/ASEAN Power Grid Summit 2018, 21 - 23 May 2018/Rajiv/SARI/EI/IRADE/Confidential ©SARI-2018
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Export 540MW

with one Import about 1000MW
line le with three 220KV lines
230 . and four 110 kV lines.

Myanmar

Lao PDR The Philippines
Vietham

Brunei Darussalam

i "
Singapore ndonesia
|
k Vietnam
\ . o "\ N Cambadife

\m_ _

Source: ASEAN Power Cooperation Report ~ Trans-Regional Energy Connectivity Between the ASEAN Power Grid Sigthe &mth-JrGrid: Prospects and Opportunities/ASEAN Power Grid Summit 2018, 21 - 23 May2018/Rajiv/SARI/EI/IRA‘ G| ©5ARI-2018
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Gas pipelines

Hanoi
Lao P e’ [O] : - EXisting trans ASEAN
Myanmar ngggggcs .. Planned/proposed/under
Republic construction trans ASEAN
® Vientiane — Existing
——- Planned/proposed/
Yangon Thailand Luzon under construction
\ ) Manila LNG export terminals
Cambodia Pagbilao det-. Under construction
Yetagun Phonm Penh < s, Planned
© . ) on.My Philippines LNG import terminals
Ho Chi Thi Vai 4asa Existing
Khanom h City s .
Under construction
Rotan Mind Pl d
(PFLNGZ)‘&' inaanao nnng anne
), Bandar S / Gas production area
Arun_.--- ——
& 4 ---Kanowit ¢Labuan
e N"TP’;’NGU {mut Lahad Datu
uale atun .
=75 Bintulu Pacific Ocean
Malacca M-alaysia (3) (2)
:\ Bontang
‘\'__ Sulawesi ﬁh
4 o= pC TN /& .
7 H \ \A\ Donggi-Senoro
Indian Ocean : 3 ! + A Pa
[} o pua
Lar:pL:ng{; ‘x" J L. Sengkang
Nusantara Regas arta’'semarang | n d o n e s i a
Banten‘%’ : “I‘f caaa NN
entral Java
km Surabaya East
Timor Abadi
0 400 800 FLNG

Source: IEA—WEO—2017—SoutHeast Asia Energy Outlook

This map is without prejudice to the status of or sovereignty over any territory, to the delimitation of international frontiers and boundaries, and to the name of any territory, city orarea.
Trans-Reegional Enerev Connectivity Between the ASEAN Power Grid and the South-Asia Power Grid: Prospects and Opnportunities/ASEAN Power Grid Summit 2018 21 - 23 Mav 2018/Raiiv/SARI/EI/IRADE/Confidential ©SARI-2018
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0 400 800 Denpasar
Y — Kupangﬂ weminadb  Existing primary hub
LNG infrastructure &aaa. Existing FSRU
@ Existing LNG plant “220% Planned FSRU
@ Planned major LNG plant - Secondary hub/LNG storage tank
@ Pl d ,J_ LNG plant Existing pipeline Virtual pipeline Planned power plants
anned mini- an )
o 2 o — Dedicated upstream ~ -" From supply Mobile
A\ Existing land-based regasification Transmission To final destination Gas steam
-------- Planned Gas/diesel (dual use)

[A Planned land-based regasification

This map is without preiudice to the status of or sovereigntv over anv territorv. to the delimitation of international frontiers and boundaries. and to the name of anv territorv. citv or area

Natural gas infrastructure has been identified as a central component in Indonesia’s energy access strategy

Notes: LNG = liquefied natural gas; FSRU = floating storage and regasification units. “Virtual pipeline” refers to routes by which gas is delivered by ship, instead of
using pipelines. Source: LNG Infrastructure Roadmap 2016-2030 (MEMR. 2016) Seurce: IEA-WEO-2017-Southeast Asia Energy Outlook =

t 2018, 21 - 23 May 2018/Rajiv/SARI/EI/IRADE/Confidential ©SARI-2018



