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Brief About SARI/EI

Overview of Myanmar Power Sector

Cross Border Electricity Trade in Myanmar
Overview of South Asian Power Sector

Cross Border Electricity Trade in South Asia and Key Message for Myanmar.

OIS I

Opportunities: Why Myanmar should strive for Cross Border Electricity Trade (CBET) and Hydro Power
Development-Short, Medium and Long Term Outlook

¥

Challenges for Advancing CBET and Hydro Power Development between Myanmar and South Asia.

8. Way Forward :

Accelerating Responsible Hydropower Development in South Asia and Myanmar.
Comprehensive Regional Investment Policy Framework for CBET & Hydropower Development.

Regional Regulatory Guidelines/Framework for Accelerating long term CBET.
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South Asia Regional Initiative for Energy Integration (SARI/EI)

1. SARI/E is a long standing program of USAID started in the year 2000

2. Program has consistently strived to address

energy security in South Asia by focusing
1) Cross Border Energy Trade

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

3. SARI/EI-Phase IV (2012-2017): Key Outcomes
Three Key Development Outcomes:

1. Coordinate policy, legal and regulatory issues

2. Advance transmission interconnections

Bangladesh

3. Establish South Asia Regional Electricity Markets
Demand Driven ‘Bottom Up’ Approach

Integrated Research and Action for Development (IRADe), a regional

b

energy think tank-based in Delhi, India is the implementing partner Maldive

s
srl Lanka
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.
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SARI/El:Overall Framework for development of CBET in South Asia

SAARC Framework Agreemenf on Energy (Electricity) Cooperation

CBET facilitation through Institutional Mechanism

| | | J I } | | :

Regional .
Regional Inve%tment Model framework Transmission Model g;i??aagg Mock
Regulatory Framework and for Open Access Pricing Rules Regulation for (Bankable Exercise
Guidelines License Regime Methodology Development PPAS/ITSA  gARPEX
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Undertaken as
part of the TF-1
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SARI/EI/IRADe (Secretariat)

Project Steering Committee

Technical Studies Analytical Studies

Task Force Recommendations/Outputs
*Regional Regulatory Guidelines;
il d *Suggested Amendments in Electricity Laws, Regulations and Policies;
w *Regional Investment Framework; Model CBET-Power Market Regulation;
*Trading Potential; Harmonization of Grid Codes, Operating Procedures;

/ Findings: Macro-Economic
Benefits of CBET

*India-Nepal CBET L
India-Bangladesh CBET ||

N tricet]

H af

*Model framework for Open Access and Trading License Regime;
*Model PPAs/TSAs , Mock Exercise for Regional Power Exchange (SARPEX)

Synthesis, Consensus , Outreach and Dissemination

International Consultants

Deloitte, KMPG . .y THINK TANK FORUM

*Policy Makers, Paliticians
*Ambassador s and Diplomats
LG, A, 197 *Civil Society, Research Instltutlons
Mercados, E & Y *Task Force Members, Power Utilities

Policy Advocacy, Media Engagement,
Quantifying Impacts

SARPEX: South Asia Regional Power Exchange; MEW-Ministry of Energy & Water, Afghanistan, DABS-Da Afghanistan Breshna Sherkat, MoEA-Ministry of Economic Affairs, Bhutan, MPEM R- Ministry of Power, Energy and Mineral Resources , BERC- Bangladesh Energy Regulatory Commission, PGCB-
Power Grid Company of Bangladesh Limited, CEA-Cntral Electricity Authority, India, CERC-Central Electricity Regulatory Comm|ss10n India, PTC limited, Idian Energy Exchange Limited, NEA-Nepal Electricity Authority, MoE-Ministry of Energy, Nepal, NEPRA-National Electric Power Regulatory

Aittharitvy MOWZWW/D Minictryvs ~fF \AMatar arnAd Deavniar NTHREC Natinanal Tranmemiceian A nd Nocnastcrh CAamrnarvs | irmitarl MNMDDE Minictrys nf Darnier arnd Dancarmshlo Enarens CER Coavdon Eloactricityvy RDAaard
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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
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Myanmar Installed capacity as of 2015 is 4,719
MW

Per Capita Electricity Consumption
263 Kwh/Capita (2016)

*33 % of the population has an electricity
connection (Avg. electrification ratio in
rural areas is about 16%).

Power Demand to be 14,542 MW & Installed
capacity to be around 23,594 MW by 2030.

By 2030, hydro share in the power mix will be
reduced to 38% from 65 %. Coal share to go up
from current 3 % to 34 %.

*http://www.worldbank.org/en/news/feature/2014/10/08/powering-up-myanmar-
more-than-7-million-new-electricity-connections-needed-by-2030
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Myanmar Power Demand and Consumption by 2030
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Maximum Power Consumption (GWH)-High Growth Scenario Maximum Power Consumption (GWH) -Low Growth Scenario

™ Hydropower Myanmar power mix Transition 2000 (8%)
N Gas
conl 7940 (34%)

Renewable Energy

200 (2%) 4758 (20%)
0 1925 (22%)
1969 (22%
120( 3%) (22%) 8896 (38%)
1152 (32%) 4721 (54%)
2361 (65%)

Fuel Mix-2020 (MW) Fuel Mix-2030 (MW)
Installed Capacity 8815 MW Installed Capacity 23594 MW

Source: http://open_jicareport.jica.go.jp/pdf/12238754.pdf
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Fuel Mix-2013(MW)
Installed Capacity 3633 MW



M Major Rivers & Potential :
1. Myanmar -Hydro energy Resources- vanmar (Maor Rivers & Potential) ELEOET LA () MYA\NMAR (quc’atlon)\
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1. Myanmar is exporting apprx. 520
MW at maximum to China

2. Myanmar is importing 3 MW of
electricity from Manipur state of
India.

Myanmar has significant Hydro
energy Resources 45,344 MW-only
5% has been tapped so far.

Myanmar is a part of the GMS
region and is expected to be the
largest exporter of hydro
electricity by 2025

Shares border with Laos, China,
India, Bangladesh and Thailand

GMS: Greater Mekong Sub Region

Potential Hydropower Plants near Borders of Myanmar
Northern Borders
Capacity (MW)

Project

Myitsone
Chipwi

Wutsok
Kawnglanghpu
Yenam
Pisa
(V]
Chipwinge
Gawlan
Wu Zhongze
Hkankawn
Tongxingiao
Lawngdin

Tamanthi

Nam Tamhpak
(Kachin)

Total
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3400

1800
2700
1200
2000
1900
99
100
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140
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1200
200

21554
Source: RTE International (2010b), ADB.

Other Borders
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Source: ADB
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Total Installed capacity of around 3,47,593 MW

Afghanistan: Small Power system (1341 MW);High Electricity Imports
high, Hydro Dominated.

Bhutan: Small Power system (1614 MW );Hydro Dominated; Surplus
Hydro; Exporting to India. Leading Exporter of Hydro Electricity.

Bangladesh: Gas Dominated; Resource Crunch; Imports
Electricity from India; will remain as one of the Leading importer

India: Large Power System; Coal dominated; reducing deficits; Long

terms electricity demand are huge and potential large market. The
Leading importer & exporter of electricity. 44 GW of RE.

Nepal: Very small power system (765 MW); Hydro based, very high
deficits; Importing Electricity from India; Potential exporter hydro
Electricity in medium term and importer of electricity in Short Term.

Sri Lanka: Hydro dominated but the flex mix is changing; High peak demand.

Confidential©2016
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Country Installed Capacity (MW)

Afghanistan 1341
Bhutan 1,614
Bangladesh 12,071
India 3,04,760
Nepal 765
Sri Lanka 4050
Pakistan 24,829
Maldives 90
Total 3,49,520
Source : Compiled form various sources PGCB, DGPC,CEA,Annual Report NEA, Status of Industry Report
NEPRA, Task Force 1 Report IRADe Report on CBET south Asia: Challenges and investment

Country Wise Energy Mix
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Coal oil Natural Gas Biomass
. million million trillion cubic million
Vast potential of hydro power:350 GW ( ( ( (
Country tons) barrels) feet) tons)

440 NA 15 18-27 25

Bhutan, Nepal, Pakistan, India have 30,83, " o R 0 0 ee o
59, 150 GW respectively. 884 - X 008 033
T 90,085 5,700 39 139 150

Nepal and Bhutan can build exported | valdives [V 0 0 0.06 0
oriented hydro plants. | nepa [V 0 0 27.04 83
DEEE 17,550 324 33 NA 59

NA 150 0 12 2
108,961 5,906 95 223 349.33

Source: SAARC Secretariat (2010) for Bangladesh, Bhutan, India, Nepal, Sri Lanka; CWC (2005)
for Indian States and WAPDA (2011) for Pakistan

Significant Coal deposits in India and
Pakistan.

. . Renewables Bangladesh India  Nepal Bhutan Pakistan Sri
Coal deposits in Bangladesh yet to be

Lanka

exploited effectively. Solar Power 3.8 -6.5 4-7 36-62 | 25-5 |53 NA
(Kwh/sg. m per day)
In addition ,there is a huge renewable energy Wind (MW) limited potential | 151,918 | 3,000 4,825 | 24,000 | 25000
resources like solar and wind.

Acceleratine Cross Border Electricity Trade and Hvdro nower Development between Mvanmar and South Asia: Opportunities and Challenges/ Mvanmar/Yangon/16th August Raiiv/SARI/EI/IRADe Confidential©2016



Today

Arrow Direction shows Net Fjb\)vs

* Tala: 1.80 INR/kWh for
15t year (now 1.98

Bhutan=> India

XA
X

NR &

Tanakpur

......

WR

Total CBET

in SA

2330 MW _-

INR/KWHh) (0.003 us$/kwH)

Dagachhu: 2.40

INR/kWh for 1%t year
(started in 2015) (0.04

USS$/KWH)

Source: Compiled from various
resources, News Paper articles etc.
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India=> Bangladesh
NVVNL: 2.40-2.86 INR/kWh
(Aug’14-May’15) (0.04 US$/KWH)

* PTC: 4.26-5.00 INR/kWh
(Dec’13-May’15) (0.071 USS/KWH)

* Tripura-Bangladesh
Rs 5.50 per unit (0.091 USS$/KWH)

Current: India-Nepal apprx.330 MW

Current: India-Bhutan apprx. 1400 MW
‘i-‘ BHUTAN '

QI 50“49&,,; ‘A’f{p_.r'har

Slrpara s

Bt‘eramara ,‘v”

Current India-Bangladesh apprx. 600 MW

P
o

BANGLA s Mampur(MO/éh)
400kV AC; soba.tw HVDC 88 DESH

India-> Nepal

* Treaty/Bilateral: Current
5.40 INR/kWh (0.09

PTC: 4.55, 4.35, 4.30, 3.75
INR/KWh (FY11-14)

NVNL-NEA PPA (80 Mw)
INR/kwh 3.44 (0.05

Acceleratine Crocc Rorder Flectricitv T

70.0

60.0

50.0

40.0

30.

o

20.

o

10.

o

0.0

12.0

10.0

8.0

6.0

4.

o

2.

o

0.0

rade and Hvdro nower Develonment between Mvanmar and South Acias Onportunities and Challencge<s/ Mvanmar/Yancon/16th Auctict Raiiv/SARI/EI/IRADe]

Electricity Import (GW) by India from Neighbouring
Countries

I =ul

Import Dertermined Effort ( GW)
® Import Heroic Effort ( GW)

M Import Least Effort( GW)
B Import Aggressive Effort (GW)

Electricity Export (GW) from India to Neighbouring
Countries

3.5
2 2
1.5
1 1 1
0.2 0.2 0.2 0.2 I II I II I II I

M Export Least Effort ( GW)

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

60

2047

10

7
5
I| 2| 2

Export Dertermined Effort ( GW)
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" Low per Capita
electricity consumptions

= Electricity Shortages.

" Poor access to
electricity.

=  Optimal utilization of
energy resources.

= Economic Growth &
Regional Integration

=  Opportunity -regional
electricity market.

Afghanistan and Pakistan
Access to large hydropower

n
Seasonal resources, Severe power
complementarities shortages, High Demand
Growth
Peak Deficit %’V Access to Electricity (%)
o
40% 24% e 0s 99.7
o o o 40 95 75 63 67.4 *°77.6
0% i = = gt 58 « B R R N B I
,bbé? ,QS@Q \(‘6\0 QQQQ\ \i_\é@o \:bs@ 00\0&2,0 &?@ \(‘8& ezQ’} \E.\é?@. \?‘9 (‘.,<.‘\¢Ib$o‘\b
& 9 T &£ &0 < & .
P ¥ P & X
Source: SARI/EI *-Anticipated LGBR-2015-16 Source: World Bank database 2012 v%sé\ Q;b(\

Sri Lanka
Heavy
reliance on
liquid fuel
and plans for
large coal
power
development

Economic Benefits of The Planned

2000 -
Interconnection in South Asian Region
1800 -
1840
1600 -
1400 -
M Annualized 1250
o 1200 - cost of Inerconnection(USD million)
7]
2 1000 - y N
o 4 Annual joint benefit in 2016/17 (USD
= 800 - million)
=
600 - 491
389
400 -
215 186
200 - 110
20 20 50 25 18
0 I T
) g g & G
& & & © v &
O & Q X A N
& \) N SN NV o
& XS 53 & o N
> 3 > ® N &
Nd 4 i N w0 g
S S > & A Q)
Q‘\ \'\Q \\/ %Q Q’b ()?’
& P o) & &
& Q;Q \0' b\ﬁ b\ Source: Cross-Border Power Trading in
\(\ e \(\b' \Q South Asia: A Techno Economic Rationale

Seasonal complementarity in power systems in South Asia — Monthly Electricity Load Profiles across South Asian Grids

|January February [March  JApril IMa'; lune by JAugust |September [October |November|December
Bangladesh
India - North East
Bhutan
India - East
Nepal
Indiz - North
India - West
Pakistan
India - South
Source: World Bank-2015 Low Confidential ©2016
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Inter-Regional Transmission Capacity (upto 2033-34)

(including SAARC Exchanges)

. .._‘_/_‘7 All figs. In MW
PAKISTAN
0
o -4 - 2400 LEHUTAN | s S
11200] NEPAL 278* 8000 6’0 Y
1333 21200 2000 20000 0 70 1)
1000 NR i S000 Suuce *7 Op " Q
8720 7 8000 / ' A l‘? S @
, - =)
\ North & '? )
5 G 15230 <
i 6000
o B G e =2 S 7 %, 8538
North East
2177
9115
West
1400
Bangladesl
LEGEND
) I-R Trans. Capacity, in MW:
503 Existing (June, 2014)
1000 End of 13th Plan (2021-22)
1000 End of 14th Plan (2026-27) South
I sritanka l End of 15th Plan (2031-32)

End of 2033-34
Source: MoP,Gol, Perspective Tranamission Plan Twenty Years (2014-2034) and Author's assessments for

¥ 278 MW of Transmission Capacity (132 & 33 kv level) **1200 MW(Dhalkebar-Muzaffarpur 400 KV Line)

500

Significant Transmission System Interconnection ( Both AC and DC) are
being Planned and Proposed. Bangladesh is in the process of Planning

to Import around Apprx. 6000 MW by 2034 (pMsP 2015-JICA Presentation,d June,2015) Source: How Much Could South Asia Benefit from Regional Electricity Cooperation and Trade, World bank

Acceleratine Crace Rarder Flectricitv Trade and Hvdro nower Develonment hetween Mvanmar and Sotith Acia: Onnartiinitiec and Challencec/ Mvanmar/Yancon/16th Aictict Raiiv/SARI/FI/IRADe

All Fig are in MW
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Cross Border Electricity Trade in South Asia
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Cross Border Electricity Trade in South Asia and Key Message for Myanmar

India-Bangladesh Interconnection

Reduction in load shedding with

round the clock availability of power

from India (500 MW: 5t" October,
2013)(100 MW: March 23, 2016)

Load Shedding in Bangladesh (MW)

2000 1450 4335
1058 1048 932

307

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

Access to Cheaper source of Electricity

10 8.90

8 6.32

6 473 Cni
3.62

4

2

BPDB IPP Rental Public Import

Plants from India

Avg power purchase cost: 6.27 Tk/KWh ¢ . cone s onual Report 2015

The estimated Annual savings
would be around Taka 40 billion
(USS500 million approx.) (shahi 2014).

Source: http://www.ideasforindia.in/article.aspx?article id=1589

Bhutan envisages the development of at
least 10,000 MW by 2020.

95% of Population Electrified.

Close to 75% of all electricity generated
is exported to India.

Hydropower exports (only surplus) provided
more than 40% of Bhutan’s revenues, and
constitute 25% of its GDP *. Now it is
around average 12.28%. Since 2010.

Helps in Sustaining High GDP Growth Rate,
Modernization of power infrastructure.

Emergency Support -During the 2012 blackout in

India**

—— GDP in Billion $US —a—GDP % Change

2.50 20,026
AAGR=14.5%
wn 2,00 4—
=
E 1.50 16.5% B
=
£ 1.00
=
© o0.50
0.00

frecal GIDP Growitlh Rafe, Bhutan. Source: World Ecenomic Outlook, INEF
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—— Afghanistan —&— Bangladesh esx@mBhutan
India Myanmar Nepal

Bhutan -Electricity Export to India (USD
17.01% Million)
10.14%

14.40%
10.19%
10.74% 11-52%

30.02
30.00
29.98
29.96

30.00 30.01 30.03 30.04 30.06 30.07

2010 2011 2012
== Export (USD Million)

2013 2014 2015
e==mExport (% of GDP)

** http://thediplomat.com/2016/06/india-and-bhutan-cross-country-power-connectivity/

* http://www.oecd.org/countries/bhutan/48651659.pdf
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Resource Complementarity with South Asia Region.

Enhance availability of electricity and increase electricity access.

Bringing people (50% on generator) on power grid through expansion

in power system.

Hydro Power-Clean form of energy, Addressing climate change.

Revenue earning, Accelerating economic growth, Modernization of “Y‘m)”“’
power infrastructure- Electric power transmission and distribution losses (% of output) in Average
Myanmar was 26.71 as of 2013. Its highest value over the past 42 years was 39.10 in 2005, while its 33.4Y%
S0 Tanintharyi, 606 Total

Area-wise Electrification and its Power Sources for 2012 - 2013

Nay Pyl Taw,  Kayah, 108

4Tl (T4%) oo 05
55

(12.4%)

Solar power

1213 (5.6%)

(21.7%)

. " :
lowest value was 16.61 in 2010*. G 188 (21,675) (56.6%) 21.675
(12.0%) V. A— (100%)
Long term domestic demand likely to be less than the potential. j:;;g%,
e q q Yangon, 485
Complementarity of Resources: South Asia and Mekong Region 21.6%)
Coal( | Oil( Natural | Hydro(mw) Rakhien?;[lw
Mts) | Mts) | gas Bom) (@03%) yon 573 '
;5 5 Vil
Myanmar 468 | 64.26 464 45344 (47.8%) LI b of Yoages
Lao DPR 503 17979
ULIEL) RS 1043701 21 675: Actual Number of Electrification Villages unti 2012-2013
Province( PRC) Percentage HH Grid Electrified in Border Region with South Asia
Guangxi Zhuang | 2167 | 173 17640 1,500,000 10
Autonomous 1,000,000 . . .
Region(PRC) 5
Vietnam 50| 626 27| 35103 0,000 3
Thailand 1239 50 340 4566 0 0
Cambodia 10 9703 Chin State Rakhine State  Sagaing Region Kachin State
Total 28531 [ 913.26 1021 234705 mmmm Total HH's % HH Grid...

*http://www.indexmundi.com/facts/myanmar/electric-power-transmission-and-distribution-losses Source: ADB

Source: The Project for Formulation on the National Electricity Master Plan in The Republic of the Union of Myanmar. Draft Final Report. JICA et al., July



Strategic, Technical
and Operational

v Optimum
Utilization of
Energy
Resources.

v Improved Energy
security

v' Diversified
generation mix

v Reduction in Load
Shedding

v Reduction in
spinning
reserves

v' Mang. of peak
energy deficit

v Ancillary Service
& Emergency
Support.

Economic and
Financial

Power availability
at competitive
price

Export
income/revenue
Avoided
generation
capacity and
T&D
infrastructure
Accelerate
economic growth
Less exposure to
volatile
international
energy prices

Acceleratine Cross Border Electricitv Trade and Hvdro nower Dev:

Environmenta
1 Benefits:

v" Reduction in
co,
emissions

v" Less Impact
on Local and
Global
environment

v' Renewable
Energy
Development

v Improvement
in Social
Indicators

Market
Dev.

v' Bringing
Resources
to the
Market.

v' Market
Developme
nt and
integration

v’ Efficient
Pricing
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Taking Steps to increase |mp9rt of electrlc.lty form South Asia (|.e.. th.rf)ugh Indla)‘zo0 India-Demand-Supply Scenario (GWL
to ease out power shortage situation and increase the power availability. 14y 15348 !
3 13
150 o - 130 135 3 830 b,
Establish more number of cross border interconnection at higher voltage 100 5
level across borders and build adequate evacuation capacity to transfer power
to the main load centers. >0 S
0 -15
Accessing Power Market in India, A Vibrant power market & power exchange 2010 2011 2012 2013 2014 2015 2016 2017
exist . Prices are competitive. India APCC= 3.40 INR (0.05 USS/Kwh) iiiu Peak Demand (GW)  mmmm Peak Supply (GW)  e===Gap(%)
Myanmar= 0.08 US$/Kwh ( 9 cents) Indian Power Market price trends
India- Power Market Structure v 9.0
(e3 7.8
“ Pawar Purchase Agreaments 89% -91% % 8' O 7.1
sl <~ :
‘>-é o 7L 7. 6.4
g}lal&wlganamlgn:l i " E 6.0 6.
var i ounter Tradin
Lictnun?]trndu‘r‘; {4;} So 8% - 8% a_) 5.0
Multiple source for best Price Pick (33 4 w 5.2
[ OTC Intraday- 3 months (a1 qc_) )
' ' Contingicy —— c ©3.0
600+ Generating Stations y Ahead Transactior | Powar Exchanges (: | oW 31 3.4
2 Power Exchanges lntoral Transaction S G Al 22.0 '
sabnidotil; 2, Day Ahoad Market (DAM) —— 2~
43 Trading Licensees y.=3 moni | [ e e g 1.0
8, Waakly E 00
A AT I DL : i FY 10 FY BBl Y. 14 RIS
Electricity Tariffs: Wide range 35— 150 kyats/kWh ; { . ::E:J;t:}hm Sottlemnt Mechanism i e=sTraders esspPower Exchange (DAM +TAM) =D SM
“Domestic tariffs” — largely residential customers 35-50

kyats/kWh, Non-residential customers 75-150 kyatS/kWh Accelerating Cross Border Electricity Trade and Hydro power Development between Myanmar and South Asia: Opportunities and Challenges/ Myanmar/Yangon/16th August Rajiv/SARI/EI/IRADe Confidential©2016
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To take steps to accelerate the development of hydro

power for Export of Surplus Only. South Asia Power
Demand is high, build transmission interconnection (India,

Bangladesh)

Myanmar has been actively developing in hydropower
for export. However the export is primarily targeted at the
ASEAN/Mekong Market. Focusing to tap the SA Market.

Capacity MW/annum

Myanmar hydro can provide balancing support for the
regional grid which shall help in renewable energy

integration. Exploiting the Ancillary Market in India.
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146000

14000

12000

10000

8000 -

&000
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2000
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Figure llI-1: EMP Case 2 — Hydropower Export to 2030

Hydropower for Export
B Reserve & Peaking
m Existing Gas CC
H Existing Gas Peaking
m Wind
m Solar PV
New Large Thermal
Existing Coal
Planned Hydro
B Committed Hydro
m Existing Hydro

o e o 22132014 20152016 2017 20182019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
4000 1 india- Power Demand (Gw) 3710 1000 | 16000
( 27)10 800 5000 60 | Bangladesh Power Demand,; ., 150 7 pakistan- Peak Demand (GW) 140
3000 1905 54 4000 (GW)
%OOO 1258 600; 3000 40 4 36.634 100 -
42000 | 2000 27.434
1000 200 1000 19.191 50 -
0 LL T \v T \6 T T T \Q T ‘\'L T \v T \b T \% T T T \(L T 20 - 8 921 12.949
0 0 N W RO (N ) I I I I
aﬁgggggggﬁgg \\QJ\/\\'\cb\Q/q,\q/q,\(bq,%q/,\\q/qg)\rb‘b\\% OI\I\I\\\\\\\\\\\\\\\\\\\\\
D S S N NSNS NGNS 0 - SSS928838888 3
e o Ry S — 2015 2020 2025 2030 2035 2040 Q 2SR
= Electrical Energy Requirement (Utilities Only) 'I;IES';A\e-NMPS ||:|?V\rl1[?l\ll\l\/l/liss NSRIRRRSSIRKVR/R
X Annual Peak Electric Load (secondary axis) —a—Low-Ab St +Mgd- Ab St e sl eSS Demand | (GW) W Pakistan- Peak Demand (GW)
Source: EPS,CEA,INDIA +— High- Ab St source: NMPS, Nepal, NEA-Nepal Source::PSMP,2016 Source:: SARI/EI
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INDIA

Considering the terrain,
possible interconnection
with India could be through
the state of Manipur
/Mizoram( India)

The interconnection
possibility with Bangladesh
is also needed.

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 export electricity to Bangladesh.

MOREH(ND)/ .-

Source: Presentation by Myanmar Electric Power Enterprise, Ministry of Electric Power
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OUTLINE OF POWER SYSTEM EXPANSION IN 2030
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1800 1740

= - h Bangladesh-Renewable Energy B9l Myanmar -Renewable Energy Growth (MW)
1600

e 175 -3168 MW by 2021 1370 2500 -

< 1400

2000

= 150 + 1200 2000 -

@ 1000

(=3 - 1500 -

= 800

O 100 -

o 55 600 1000 -

3 400

E 50 - 200 500 - 0 200

R - : | -

2015 2016 2017 2018 2019 2020 2021 Total 2013 2020 2030
2002 2007 2012 2017 2022

EWind B Small Hydro Biomass M Solar m Solar m Wind m Biomass ™ Biogas M Hydro # Myanmar -Renewable Energy Growth (MW)

High Renewable Energy Growth in SA and in Myanmar power system needs a flexible, fast responsive with Demand
response power system.

Both reservoir and pumped storage hydropower and gas are flexible sources of electricity that can help in handle the
variability of other renewable energy such as wind power and photovoltaic electricity.

» Storage hydropower (including pumped storage) represents 99% of the world’s operational electricity storage.

Confidential©2016



All India Installed Capacity = 288 GW Prou?cted All India Insi.:alle.d Hyd ro Power Nepal
(As on 18th Feb, 2016) Capacity = 535 GW (Projection . .
' 2022) Regional Balancing
o, 2%0%
% 0.3% o%
B.a% 2100% North
13.4% 33%
14.7 27 GW3aisa
Comptex
West
m Coal m Hydro 1Geel ro
M Renewable  ® Gas M Renewable W Gas
M Nuclear m Oil M Nuclear m Oil ol el (gl gflo Myanmar
44 GW Mahatrastra Bangladesh
. . - Satara & Sangali Complex (_\ 20 GW AP
* Hydro share in India has been declining over the years vakonda & Kondapuram Complex
(45% in 1970 to Apprx 15% in 2015) Sout |
19 GW Karhataka h 4 GW Tamilnadu
Chitradurga Complex Udumalpet & Kayathar Complex

* National Electricity policy (Gol), spinning reserves at 5%.
The quantum of reserves estimated*-

4 GW of primary reserve
3.6 GW of secondary reserve
7 GW of other reserves.

* Developing Regional Ancillary Market- India has started ancillary market recently.

Source: *with *275 GW generating capacity and nearly 150 GW peak demand , Technical Committee for "Large Scale Integration of Renewable Energy, need for balancing, Deviation Settlement Mechanism (DSM) and associated issues" Confidential©2016
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Strategically located and can be energy bridge
between South Asia and South East Asia through
development of Clean Hydropower Energy.

North

PEOPLE'S REPUBLIC OF CHINA

Difference in energy endowments; energy consumption
needs has pushed for sharing of resources, CBET,cross
border hydro power (GMS, ASEAN,SAARC, BIMSTEC) |}

Potential for possible integration of Regional grids-
SAARC —Greater Mekong —ASEAN Power Grid.

Neighbouring Countries like PRC, Bangladesh, India,
Thailand are Potential partner for hydro power
development and importer of electricity.

AAALDIVEC
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l] -
» Kyrgstan- T’]Jlklbhn Afghanistan-Pakistan ;:ﬁ - T, ) SRR Sttty v e
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Cross Border Power Trade is Increasing
Significantly in the South Asia and South
East Asia and GMS Region. These region
complementarity is very high.

CASA-1000- Central Asia-South Asia.
Pakistan-lran Power Link
India-Myanmar Grid Connection

Myanmar the Energy Bridge between
Regions ( SA- SEA)

Many countries in the region per capita
electricity consumption and access of
electricity is among the lowest in the
world.

Asian region untapped energy resource
availability is very good.

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 anv territorv citv or area
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Source: National Power Belt Way-IPPAI-Energizing the Country by offering
Plug-and-Play 24X7 Power * Harnessing the potential of transnational power
trade in Asia from Tajikistan to Singapore

Proposed route of the Asian Power Grid

CLSETE
Realizing the CASA-1000 vision will require:

= 500 kV line from Datka to Khudjand (477 kilometers)

= 1300 megawatt AC-DC Convertar Station at Sangtuda

« 750 kilometer High Voltage DC line from Sangtuda to Kabul to Peshawar

* 300 megawatt Convertor Station at Kabul (with import and expart capability)
= 1300 megawatt DCAC Convertor Station at Peshawar

Source: http://www.casa-1000.org/Docs/CASA1000Brochure.pdf

Accelerating Cross Border Electricity Trade and Hydro power Development between Myanmar and South Asia: Opportunities and Challenges/ Myanmar/Yangon/16th August Rajiv/SARI/EI/IRADe Confidential©2016



SAARC Energy Ring - Power Grid SAARC Energy Ring- GAS GRID

Kazakhstan

Kazakhstan

82AARC CHINA‘
INTRIES.. |

‘-"Mamives

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
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Why Cross-border Electricity Example:

: T Political: What happens if for political reasons So
Trade Investment are Risky ngﬁ%",cs the flow is prevented in the exporting, ,STueeI;ey

Project risks in general tend to be intermediary (if relevant) or importing country ?
Elg|?0;vl|tqhe8maetloc;(;/r]ggrrig\?vgsra/feor ST Regulatory: What happens if the domesl,tic
[ ’CBET SN Y po \ Me‘s;‘\ia Eollcy, regulatory framework changes WhICh

wo mm:::’o i impacts CBETproject/Investment ? What is the

protection available to buyers/sellers/Investor ?

Cross-border element greatly
amplifies the risks due to o Economic: What happens if the economic
geopolitical, economic and trade Q‘;‘ A assumptions on the project changes? What is
related factors. ‘/ 7" the protection available to buyers and sellers ? Power Procurement

Policy- Buyers’

; Trade Barrier: What happens if a tax or duty :
Even projects that appear to have & requirements.

: : ) LES - that affects the economic fundamentals is
feasible , rationale, economical in = imposed ?

practice struggle to get it * Competitiveness of
financed and built. Infrastructure:  What happens if the Hydropower- High
infrastructure to transfer the energy is not built Tariff in Initials Years .
or is not available when needed ?

Project risks in general tend to be

h|gh in countries without wide | Bhutan-India | India-Bangladesh
. . Principle The tariff for both Tala | The tariff for NVVNL PPA is as per The tariff in both
ex p erience on I ar g e p r OJ eCt of and Dagachhu PPAs CERC regulations (agreed based on Treaty/Bilateral

determina | was determined on a negotiation). On the other hand, arrangement and PTC
d eve I 0] p men t . tion negotiated basis tariff for PTC PPA was determined PPA was agreed based

* New Tariff Policy - 5.8 The Appropriate Commission shall provide for suitable regulatory framework for incentivizing the through competitive bidding negotiation
developers of HEPs for using long-term financial instruments in order to reduce the tariff burden in the initial years. Confidential©2016
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Need of Policy Framework/Instruments/Mechanism

1. Political Conesus: Need of Bilateral Treaties, Regional
Cooperation and Recognition of CBET/Trade in the National
Policy, Law etc.

T

Challenges at

2. Government Commitment & Policy Coordination Initial
Stages
3. Financial Challenges, Investment, Technical and Financial
Viability )
I
4. Mechanism of Inter-connection
5. Market form of Trade
6. Regional Cooperation on Regulatory and Contractual Aspects Challenges
during the
7. Open Access in Transmission Transition
——towards higher
8. Transmission Charges/Pricing level of CBET
and when it
9. Transmission Plan reaches the
Mature
10.Commercial Mechanisms to Settle Imbalances Stages
11. Dispute Resolution

_—
Note: At present, implementation of Tamanthi and Shwezaye H.E Projects, has been suspended temporarily by Ministry of Electric
Power (MOEP), Myanmar as DPRs of Tamanthi and Shwezaye H.E Projects submitted by NHPC have negative Social and environmental
impacts and are economically unviable. (Source: CEA, Gol)

SARI/JEI]

Political and

Accelerating Cross Border Electricity Trade and Hydro pow

Integrated Research and
IRADe Action for Development

Motivation behind these Policy

Fr work/Instruments/Mechanism is to address the
typical Risks in Cross-Border Projects.
B Commercial
Security Risk Construction .
. Risk
Risk
Supply Risk
- / Pricing and
-J legal& Cross Payment Risk
g‘ Regulatory Border
o Risk Electricity
5 Tade (AN Financing
g? Dispute Risk
Resolution
Risk Exchange
Rate Risk

Currency
Transfer

Restriction Financial Risk

Funding Risk

er Development between Myanmar and South Asia: Opportunities and Challenges/ Myanmar/Yangon/16th August Rajiv/SARI/EI/IRADe
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Myanmar is the Energy sector leader in BIMSTEC.

For faster
The draft MOU for Trans-power exchange and grid interconnection, implementation
hydropower development, energy security of the region need to be finalized BIMSTEC may
need to develop
It aims to facilitate the setting up of power grid connections for /St"a;e,g'cl
ecnnica

reliable, secure and economic electricity supply and trade among

: : partnership with
Its seven member countries.

other regional

. .. organization/foru
Need to expedite the signing of the MOU for Trans-power exchange ms in the region

and grid interconnection, hydropower development. such SAARC, GMS

Need to expedite the establishment of BIMSTEC Energy center

Accelerating Cross Border Electricity Trade and Hydro power Development between Myanmar and South Asia: Opportunities and Challenges/ Myanmar/Yangon/16th August Rajiv/SARI/EI/IRADe Confldent|a|©2016



* Globally, around *19% of the potential
has been developed.

* However ,countries which have actively
developed hydropower , has been
benefiting successfully - 99% generation
come from Hydro in Norway;84% in
Brazil

e South Asia, only 15% of the resources
has been developed. Nepal and Bhutan
have developed 1% and 5% of their
potential. India 29% of their potential.

e Mismatch Plan Vs Achievement: India
on an average 50 % target has been
achieved.

e Bhutan like to achieve 50 % target i.e.
5000 MW by 2020.

300 Leading Hydro based Country and Share of hydro in total 150
Generation

100

50

China Brazil USA Canada Russia India Norway Japan France Italy

Source: IHA, 2012 and IPCC, 2011
I | Installed capacity (GW) Hydropower’s share of total generation (%)
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India-Hydro Power- Plan Vs Achivement
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= **34% 40
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5000 3428
[ |
9thPlan 10th Plan

8thPlan
(1992-93to  (1997-98to  (2002-03 to
1996-97) 2001-02) 2006-07)
E W Targets I Achievements
(Mw)

(Mw)

o

11th Plan
(2007-08 to
2011-12)

12th Plan
(2012-13 to

2016-17)
% Achivements

Geological uncertainties / Natural
Calamities

Land Acquisition / Environment and
Forest issues

Rehabilitation & Resettlement / Law &
order problem & Local issues

Difficult Terrain, Poor Accessibility &
Limited working season

Contractual problems / Delay in award of
works.

Poor performance of Contractor-
Inadequate mobilization of man/
machinery, inadequate experience,
labour disputes etc.

Funds constraints with developer/
contractor

Delay in supply of major equipment /
Delay in arrival of foreign engineers/
technicians

Inter-state issues (India)

Delay in power evacuation arrangement

While there are Challenges, but continuous development is the key to success of hydropower development.

* http://www.iea.ore/publications/freepublications/publication/hvdropower essentials.odf ** Till 21 10 15 &74E (EI%)_Fctimat+rad
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Governanc
framework

Regional Trading Platform
Commercial Pricing of Non Energy Benefits
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ananns » Policy drivers and inhibitors

: * Repatriation of profits and tax
on expatriates income

*  Minimum capital requirement

* Protection of foreign
investment

e Outward direct investment

Compressive * Limits on foreign equity
Framework for participation

CBET &Hydro

Incentives offered to developers

* Fiscal benefits - Tax holidays

e Concessional interest rates

* Incentives — Export incentives,
Exemption of electricity duty and
excise duty

. Cross border power trade
PPP attractiveness  Guidelines/ procedures/ frameworks for
e Contractual framework Legal , Regulatory : undertaking CBET projects

* Risk-reward profile SRS * Technical & Operation challenges - grid code

* Royalty regimegi===:=-= _ T * Transmission pricing framework
For investment protection «  Open access rights
* Protection of Investmen¥ * Deviation settlement mechanisms

> (DI EEElEmERE MEEEn T * Legal & Regional regulatory framework for
Contract enforcement CBET

Regulatory framework
Regional Investment Protection Treaty

Confidential©2016



@ Licensing for CBET: (Important Regulatory Tool for Trading)

* Recognition of Trading as a separate licensed business activity Short Term Efforts
» Grant of license for CBET through a well defined process
- License requirements and the underlying rules/limitations Medium/Long Term Efforts

Open Access (OA) to transmission system: (Competitive Market)
» Setting of fair rules and procedures for non-discriminatory open access

* Modification/amendment of applicable regulations and gradually legally binding
provisions

|§e iona‘ ﬁe u'Fttor » Defining application process, eligibility criteria, priority order and nodal agency for OA
e |%na ulato
uidelifles

Gmd%’ﬁ']ﬁ?&:m(ework ® ’ Transmission Pricing: (cost reflective & efficient)

» Transmission pricing mechanism based on a country’s requirement and acceptability

» Setting up principles and mechanism for determination of economically efficient transmission
pricing regime and gradually adopting methods based on the concept of location specific pricing

» Adoption of tariff framework in respective country power system through enabling regulations

Transmission Planning: (coordinated Regional Planning)

* Development of a regional coordination forum of National Transmission Utilities to coordinate between Member Countries on
transmission planning aspects

+ Development of a database of information that enables coordination and cooperation towards transmission planning

* National Transmission Plans to also include details of cross border transmission lines (specifically for CBET) & associated
infrastructure

* Sharing of the national transmission plan at the regional level and progress towards developing a regional level master plan .



Short Term Efforts
Medium/Long Term Efforts
Imbalance Settlement: (transparent common procedure)

* Develop acommon set of procedures for Imbalance Settlement for CBET transactions

» This will include preparation of scheduling, dispatch, energy accounting and settlement procedures for
both AC-AC & AC-DC interconnections in the region

Harmonization of codes: (safe and reliable regional integrated system operation)

. « Harmonization through formulation of guidelines on technical standards for interconnection of
Regmnal power systems on aspects related to voltage standards, frequency tolerance, thermal limits etc.
Regulatory « Sharing of technical characteristics and system specific data among the member countries
Guideﬁnes/Fr * Rules on metering standards, communication technologies, Protection Schemes etc.
amework

Dispute Resolution: (transparent and fair legal framework)

» Dispute Resolution process should primarily be in accordance with the agreements or through
amicable settlement

» Referring the disputes to the any other Appropriate Arbitration process or SAARC

Arbitration Council in case the member countries are unable to resolve disputes through
amicable settlement.

Taxes & Duties: (for fostering investment and removing trade barriers)
» Countries to gradually move towards a zero tax regime for CBET.

Confidential©2016



Most of the Cross Border Electricity Trade projects
are backed by government to begin with and rightly so as it
brings confidence.

Currently trade is facilitated by G2G bilateral
agreements, Nodal agencies facilitates the trade.

However looking at the scale of investment required, there
is need for market form of development of CBET with

- ol e Note: The phases can alter/vary dependin
Government playing a strong facilitator role. onth plcy, egulatory evoluton fr CBET

There is a need to create a Regional Power Market to support
these development.

6 5.43 5.54
2 . g 4.97 4.78 4.69
* Development of power exchange in India opens up new 4.19 Bhutan- JV-IG Projects Tariffs
. pp 4 3.49
oppourtinutes for CBET and building Trans Power Exchange s 2.79
198 225 198 198
Bhutan-India India-Bangladesh India-Nepal 2 i
Principle of | The tariff for both Tala and The tariff for NVVNL PPA is as The tariff in both 1
determinati | Dagachhu PPAs was determined | per CERC regulations (agreed Treaty/Bilateral arrangement
on on a negotiated basis based on negotiation). On the and PTC PPA was agreed based 0
other hand, tarifffor PICPPA | negotiation Bunakha Chamkhar Wangchhu PHPA1(IG) PHPAIl MHPA (IG) CHP (IG) THP (IG) KHP (IG)
was determined through HEP(JV) Chhu HEP HEP (JV) (1G)
ang Q5.5 JV) 1st Tariff (Nu/INR kwWh) Levellised-Tariff (Nu/INR kWh)
competitive bidding HAQR TEnReLTe l;ourcg:e(;omplied from various sourcei\.lilcl)iz- Taarir;f forlglSt yeapref:)r IG projects

Accelerating the Development of SA Power Sector & CBET /Nepal Investment Summit/Kathmandu/Rajiv/SARI/EI/IRADe of PHPA,MHPA,CHP, THP,KHP are not Available Confidential©2016



Start with Bilateral and Simple: Bilateral flows under a commonly accepted legal and contractual framework creates
confidence. Prior to investing in specific cross-border assets, simple trading mechanism provide the confidence.

Political Consensus and Regional Treaty under BIMSTEC: Expedite the signing of the Trans-power exchange and grid
interconnection, hydropower development, energy security.

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. A,

Integration of power markets : Development and Integration of Regional Power market in SA ’
b “2NO

and Myanmar (Mekong Region). N %

Climate Change Mitigation: CBET through Hydro can address climate change /INDC Targets/GHG emission A\'\ / o

of SA & Myanmar. e
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Thank You
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TF-1:

TF-2:

TF-3:

LJSAID

FROM THE AMERICAMN PEOPLE

1. Study -1: Study on Review of policies, regulations and laws,

preparation regulations etc. (15t Report on Regional Regulatory Guidelines and 2"
Report on Suggested Changes/Amendments in Electricity Laws, Regulation and Policies -
Published.

2 Study-2: Study on Investment policies/guidelines for SA
countries ( Study has started-Ongoing)

1. Study 1: Study to find out the Trading Potential of South Asian
Countries (Draft Final Report prepared-Ongoing)

2. Study 2: Harmonization of Grid Codes ( Draft final Report Prepared-
Ongoing)

Study 1: “Assessment and recommendation of commercial terms & conditions
for Cross Border Electricity Trade (CBET) and suggesting the model of Power
Exchange in South Asian region” ( Draft Report Prepared — Ongoing)

Study 2: Implementation of Pilot Market — Mock Exercise for SARPEX (

under the process of awarding)

Accelerating the Development of SA Power Sector & CBET /Nepal Investment Summit/Kathmandu/Raijiv/SARI/EI/IRADe

Integrated Research and
IRADe Action for Development

Future Activities to implement Task Force

Recommendations

Building Consensus and Developing a White
Paper on South Asian Forum of Electricity
Regulators (SAFER)

Development of Standard set of
procedures, T&C for grant of trading
license, open access etc.

Regulatory Guidelines & Model Regulation
for domestic power Market Development.

Pilot Market: Mock Exercise for SARPEX.
Development of Market Rules.

Development of an appropriate regional
dispute settlement mechanism for
promoting CBET.

Technical Advice to Regional Regulatory
Institutional Mechanism under SAARC.

White paper on creation of institutional
mechanism on South Asia forum of
Transmission and Generation planning and
system operation.
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*Currently most of the Cross Border Electricity Trade projects are
backed by government and rightly so as it brings confidence.

*Currently trade is facilitated by G2G bilateral agreements,
Nodal agencies facilitates the trade.

*However looking at the scale of investment required, there is
need for market form of development of CBET with Government
playing a strong facilitator role.

*There is a need to create a Regional Power Market to support
these development.

*Development of power exchange in India opens up new
oppourtinutes for CBET and building Trans Power Exchange

Bhutan-India India-Bangladesh India-Nepal
Principle of | The tariff for both Tala and The tariff for NVVNL PPA is as The tariff in both
determinati | Dagachhu PPAs was determined | per CERC regulations (agreed Treaty/Bilateral arrangement
on on a negotiated basis based on negotiation). On the and PTC PPA was agreed based

other hand, tariff for PTC PPA negotiation
was determined through
competitive bidding

S = N W »~» U1 O

Note: The phases can alter/vary depending
on the policy, regulatory evolution for CBET.

5.43 5.54

4.97 4.78 4.69
4.19

sa9Bhutan- JV-IG Projects Tariffs

2.79
2.25

1'9]4..62 1.98 1.98

Bunakha Chamkhar Wangchhu PHPA | (IG) PHPA Il MHPA (IG) CHP (IG) THP (IG) KHP (IG)
HEP(JV) Chhu HEP HEP (JV) (1G)

(JV)  1st year Tariff (Nu/INR per kWh) Levellised-Tariff (Nu/INR per kWh)
Source: Complied from various sources. Note- Tariff for 15t year for |G projects

Accelerating the Development of SA Power Sector & CBET /Nepal Investment Summit/Kathmandu/Rajiv/SARI/EI/IRADe of PHPA,MHPA,CHP, THP,KHP are not Available Confidential©2016
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Imports from India
* Indo-Nepal power exchange began in 1971 with ., 28% o

exchange of 5 MW of power to cater to isolated 1400

pockets on either side of the border 1200 19% e e 19%
* The power exchange has been around 150 MW 1:32 1/ “ T
on radial mode at 11kV-132 kV levels between 600
NEA and utilities on the Indian side 400
* Imports from India has been rising due to delays Zog 357 639 694 746 iPo 139 139
in domestic capacity additions in Nepal 2008-09  2009-10  2010-11  2011-12  2012-13  2013-14 2014-15 (P)
Imports (GWh)  —e—% of Available Energy Source: NEA Annual Report

* Dhalkebar (Nepal) — Muzaffarpur (India) 400 kV
(132 kV) transmission line commissioned in Feb
2016 has added around 80 MW of import from
India.

* The capacity will be enhanced to 1000 MW

46
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GLOBAL HYDROPOWER TECHNICAL
POTENTIAL, GENERATION AND
INSTALLED CAPACITY BY REGION®

Key

. installed capacty (20149

. Electricky genersted (20149

Technical potential

*Pumped storage Is shown In brackets

Source: 2016 Key Trends in Hydropower
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. Confidential©2016



Total capacity added in 2015 by region:
33 GW hydropower capacity (including 2.5 GW pumped storage)

World installed hydropower capacity at the end of 2015:
1,211 GW (including 145 GW pumped storage)

GW India 51
194 Japan 50
20 (12) Canada 78 /
Norway 30
Turkey 26
Brazil o1 / France 25
Italy 22
15 Spain 19
Sweden 16
~ - Switzerland 16
Venezuela 15
United States 102 — Vietnam 15
: 2015 total Nt 3
Mexica 12
1 21 1 Gw Colombia 11
4 —Germany 11
Iran 11
5
34 2]
(0.2)
1
(0.1) 0.7 03
0 - =i Rest of World 224
China Southand  SouthAmerica  East Asia North and Africa Europe China 320

Central Asia and Pacific  Central America

(exl. China)

Source: 2016 Key Trends in Hydropower

T SRR TN T DORN FILREE TR S -F DRI ORI § UM LN TR e e ST T R P L W L
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- Installed capacity in GW, incduding pumped storage
- Estimated generation in 2015, in TWh per year

Maximum generation (assuming potential is fully developed)

Source: 2016 Key Trends in Hydropower

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. Confidential©2016



Map of Existing Power Plants

Installed Capacity Planned Annual Generation
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China: Expected Capacity Import from Myanmar

e T T

Dapein (2) Datang Co., Ltd 2014
Shweli (2) Huaneng Group 520 2015
Saing Din Datang Co., Ltd 47 2015
Nam Pawn and Nam Tamhpak Datang Co., Ltd 765 2020
Ngaw Chan Kha Yunnan Power Investment Co., Ltd 1200 2018
Northern Region China Power Investment Corp. 21,500 2016-2021
Kunlong Hanneng Holding Group 1,400 2018
Ywathi Datang Co., Ltd 4,000 2019
Mongton Three Gorges Corp./CSG/ Sinohydro 7,000 2023
Lemro 1 and 2 Datang Co., Ltd 690 Planning stage
Total 37,262

COD = commercial operation date, CSG = China Southern Power Grid, MW = megawatt.

Source: Presentation by the PRC to the Regional Power Trade Coordination Committee.
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Institutional Structure and Level of Reform

Cambodia

Lao P‘Eﬂple's
Demorcratic

Repubﬁc

People’s Republic
of China { Guangxi

arnd Yunman)

Thailamd

Wiet Nam

EDC = Electricité du Cambodge, EIDL. = Electricite du Laos,

EIMC is a whl:r]]v state-
owned corporation.

ED -Gen operates

as a private company
and its shares are
privately traded. EIYL
is a wholly state-owned
corporation .
Electricity supply is a

Part. of g—crrernment_

This is largely the
preserve of SOE and
their corporatized
subsidiaries.

An initial
corporatization of
ELGAT was reversed and
it reverted to an SOVE

The Vietnam Elcctricity
Group is a state-owned

holding company.

S E = state-owned enterprise.

Sources: Various country energy reports,

The sector is ﬁ.‘:a.grnented
but the main transmission

operator is also a
generator and distributor.

The =ector is fc:rmai]}-‘
unbundled aiﬂluugh there
are substantial cross-share

hﬂ]-&in.gs.

Drifferent povernment
d-eP;n—I:rnents are
responsible for hyvdro
plants and the remainder
of the systern.

Generation arnd

ransmIssSion Vas

umbundled simce 20H2

There is o 'I.'I.'!'.lb'l.'l.l.'l.d].i.‘l‘.lg
of E<GAT's Feneration ard
transmission actvities,

Transmission is a scparate
accounting unit of the
EWVIMN holding, but ~wwill
probably be separated.
Many plants participate in
a competitive generating

market.

There is a I'Egu}atnr
swoath distanct leg:a].
idenl:ii—:,r,

There is o
independ-ent
'I'Egl.‘liﬁtﬂ'l‘,

There is no
indepenl:l-ent
regl.‘llatﬂr_

RELmIE.tiG‘I‘I is dome 'b:l,-

the State Electricity
Repgulatory
Commission.
There is a partially
independent
Energy RHegulatory

Commission .

The Electricity
Regulatory Authority
of Vietnam ( ER.AVW )
i= a department
within the Mindistew
of Industry and Trade
(MMOTT ).

ECAT = Electricity Generating Authority of Thailand,

There are no published
use-of-system charges,
but there seems no reason
why they could not be
introduaced .

MNoone

Set ]:r_':.- the State EIE:_—trir_'it_f
Reg'lﬂatcrr}' Commission.

There is no published
use-of-systerm charge.
There is o separate
accounting of
transmissior .

Mone exists at present,
but presuamably will

be developed in a

competitive market,

EVIN = Electricity of Victnam
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Elevation [m]

1 500kV Shweli(3)- ThaPyaWa (Proposal Sta;
Double Circuit Line (250)miles

U 500kV ThaPyaWa — Taungoo(Contracted Sta
Double Circuit Line (153.3)miles

" B "MongTon
‘{7"7000M A

0 500kV MongTon-Taungoo (Proposal Stage)
Double Circuit Line (230)miles

1 500kV Taungoo-KamarNat(Proposal Stage)
Double Circuit Line (117 )miles

Geographical View
Equal Area Projection

U 500kV KamarNat-MyaungTagar
(Proposal Stage) Double Circuit Line (50)mile:
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Power System Expansion-2030

OUTLINE OF POWER SYSTEM EXPANSION IN 2030
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Source: Ministry of Electricity and Energy, Myanmar
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(1) Sole iInvestment of Ministry

(2) Build, Own and transfer (B.O.T ) by local entrepreneur

Integrated Research and

IRADe Action for Development

(3) Joint Venture/Build, Own and Transfer (JV/B.O.T ) by foreign investor

Resources Development Stage Projects Installed {(MWW)

Existing Power FPlant 25 =151
= Implementation 5 1522 4
= 7N El 12700
- hAOA 15 16970
-“.:: AL T2 5583
= = Flanning/Proposal 4 83 1
Sub-total TO 43709.5
Exisiing Power Plant 14 Fi4.9
oh Implementation 12 T255_ 35
B - JNWA - -
= = MO 2 703
a MO 4 1899
o FPlanning/Proposal 1 106
Sub-total 33 4678.25
Existing Power Plant =2 128
- Implementation - -
= RN - -
“Tz MDA, = =
(=] ML 122 10090
= Planning/Proposal 10 8710
Sub-total 24 18928
(Wind) MO 25 4032
£ (Solar) MOU 4 530
g [ Geothermal) MO -5 200

Sub-total S 4T 62 >

Total 161 T20T77T.T5 L

Source: https://www.hydropower.org/sites/default/files/publications-docs/U-Maw-Thar-Htwe-Myanmar-assessing-demand-and-opportunities-Asia-World-Hydropower-Congress.pdf
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Lao People’s Democratic Republic (LAO PDR}

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.

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

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.

Manila ; _ _
. Third-largest energy consumer; :
' world's second-largest LNG exporter in 2014;

. o
Conteniin / ‘2;1‘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.

_ f, Brunei Darussalam

an Significant producer and exporter of cil and gas;
gas is dominant fuel in electricity.

|

Key global refining and petrochemical hub

and developing gas-trading hub; almost

entirely dependent on energy imports.

O Jakarta
Largest energy consumer, rising domestic needs has led it to
reorient 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, IRADe/USAID does not Iintend 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.
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Electricity imports could reduce the need to
build new gas-fired and coal-fired power plants,
thereby reducing LNG and coal imports.

Philippines

Electricity imports could enhance its energy
security, particularly as it currently imports most
of the fuel for power generation.

Electricity imports could reduce the need
to build new gas-fired power plants to
meet growing domestic electricity demand.

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

Electricity imports could enable greater

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

Connections with Peninsular Malaysia could enable more BEacse O (U = g

efficient operation of power plants; a connection between ottt e s

Kiat ?’ i S_E_lrafmak. . d red’t,lce e yse R st —p= Expected electricity trade flow

all-end dicset fired senctation In Rallisantan. Bl Exporter M Importer Il Both
Source: [EA-WEO-2015-Southeast Asia Energy Outlook P P
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: Electricity trade could enable increased
hydropower generation in Sarawak.




DEMAND FORECAST (MW) FOR 20 YEARS PERIOD

H Low Case
M High Case
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Source: MoEP
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Myanmar: Demand Forecast for 20 years period (2011-2030)
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Myanmar: Electricity Tariff and Subsidies

Residential Hydro Power Station

up to 100kWh 35 MOEE 18.51

from 101kWh to 40 Privates 52.84

200kWh

from 201kWh 50 Natural Gas Power

and above Station

Industrial & MOEE 161.09

Commercial

up to 500kWh 75 Privates 142.27
71.10 93.67 22.57

501kWh to 100 Coal Fired Power Station

10,000kWh

10,001kWh to 125 Privates 105.54

50,000kWh

50,001kWh to 150 Transmission 3.00

200,000kWh

200,001kWh to 125 Distribution 5.18

300,000kWh

300,001kWh 100

and above

Remarks; Above calculation is base upon the Revenue and Expenditure Budget Estimation for fiscal year 2016-2017.
Source: MoEP

Myanmar: Growth of Electricity Consumption and Electrification

Electrified Household
Total Per Capital
Consumptio No of con r?]pt' A
No. Year n (kwh - Househol | Percentag ?(V?/Jh /p :O
million) d e ( yr)
(Million)
1 2010-2011 6,467.30 2.22 25% 108
2 2011-2012 7,876.72 242 26% 131
3 2012-2013 8.441.04 2.63 28% 141
4 2013-2014 9,795.09 291 31% 163
5 2014-2015 11,406.76 3.26 29% 222
6 2015-2016 13,550.267 3.70 34% 263
16,000.00 Myanmar Electricity Consumption -
14,000.00 263 250
12,000.00 222
200
10,000.00
163
8,000.00 131 141 150
6,000.00 108 100
4,000.00
50
2,000.00
0.00 0
2010-2011 2011-2012  2012-2013 2013-2014 2014-2015 2015-2016

Source: MoEP

I Total Consumption (kWh - million)

Per Capital Consumption (Kwh/Year)
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Myanmar: Power Projects Under Construction.
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1 | Honenyi (Hydro) 6
2 |Upper Nanhtwan (Hydro) 3.2
3 | Shweli (3) (Hydro) 1050
4 |Deedoke (Hydro) 66
5 | Upper Yweywa (Hydro) 280
6 [ Middle Paunglaung (Hydro) 100
7 | Upper Kyaingtaung (Hydro) 51
8 [ Upper Beluchaung (Hydro) 30.4
9 | Thahtay (Hydro) 111
10 |Thahtone (Gas) 106
(A) 500 kV 1 146
(B) 1230kV 6 452.423
(C) |66 kV 17 509
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Gas Turbine Project
Hydro Power Projects( Under Con:)

500kV Line(Under Construction)
230kV Line(Under Construction)

66kV Line(Under Construction)

500kV Substations

230kV Substations

66kV Substations

500kV Substation(Under Construction)
230kV Substation(Under Construction)
66kV Substation(Under Construction)
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At least 15 more dams upstream
are planned or under construction.
Songta
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Source: http://www.burmariversnetwork.org/
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Myanmar: Hydro Power Development in Zone wise (under

various stage of planning and implementation)

I
Source:
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Capacity MW

10-50 —
50-100  ——

100-500 —
=500

250

c—

Name (MWW
1. Kyeeon Kyeewa 74

2. Myithar 40

3. Upper Kengtaung 52.5
4. Buywa Lower 42

5. Upper Sedawgyi 60

&. Mvogyi 249

7. Hutgyi 1360
2. Myitsone 4100
9. Tapein (1) 240
10. Tapein (2) 168
11. Shweli (2) 460
12. Shweli (3) 360
13. Upper Thanlwin 1400
14. Shwe Sar Yay 660

15. Tanintharyi &00
16. Yenan 1200
17. Khaung Lan Phu 2700
18. Phi Zaw 2000
19. VWu Sauk 1800
20. Chibwe 2800
21. Laik Zar 1900
22. Sai Din 76.5
23. Laymro 500
24 Manipur 380
25, Upper Buywa 150
26 Upper Yeywa 140
27. eigyi 4540
28 Dagwyi 792
_29. Tamanthi 1200
320. Tasang 7110
31. Baluchaung 3 48
32. Ywathit 800
33. Mawlaik 515

Current investor 7 Hydro zones

China Zone 1: Chinese
influenced hyaro zone
Iindia Zone 2: Thai
B — influenced hydro zone
e = Zoane 2 indian and
Thailand - ade shdarel

- mfluenced hydro zone

Loan/Domestic Motre: Hydropower zones and dam

o locations shown on the map are not
eo-referenced

Compiled Rom RPTCC (2008b), Eaithrishts Interaational (2008).

Magee and Kelley (2009). Salween Watch (2010). Brown et al.

(2008), Irrigation Department (2011)

-Hydropower development in Myanmar and its
implications on regional energy cooperation



