. Development of a Potential Regional Hydropower
. Plant in South Asia: A Pre-feasibility Study

= AP W
=S el Al
2T ks
‘i ) I' :
\/ 3 A
”m . ¥ ’,~ 7 §
113 ,'\/ 1 J
| Poiand
Germany Ukraine
= Kazakhstan i
Spamn faly
Turkey China Japan
South Korea
iraq — Afgh.nut{p
l " Asgeria Libya Egypt skistan < y
! Saudi Arabia o
" Mali  Niges Sudan Tho
Chad
Nigeria Ethiopia
Kenys
DR Congo
Tanzania q Moonssie DABUR e
Angola
“"“:‘:“ s Madagascar Indian
3 Ocean Austialipap data ©2016
- ‘ - e https://www.google.com.np/#q=South+asia+map
& = oy C -
]éresentatlon of Pre-feasibility Study Report by A g b
‘:—-—-0-—Ac.———~ y R o (T " ’ 4 L
'4» ; Shya:m S ShreStha‘ http//wwwncp ojects.com/site_media/img/photos/Qatar_2x400k

5, g . ‘ V_DC_OHTL_for_Kahramaa. ipg




Presentation Outline

» Pre-feasibility study objectives and highlights;
» Methodology;

> Review of electricity laws and regulations in South Asia;

» Power market in South Asia;

> Export oriented hydropower projects in South Asia;
» Economic and financial feasibility;
» Socio-economic and environmental issues;

» Conclusions and recommendations.
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Pre-feasibility Study Objective and Scope of Work

Objective:

= Prepare a pre-feasibility study for the development of a :;,..
potential hydropower plant in South Asia ; o

Scope of Work:

INDIA

* Identify at least three suitable hydropower project sites;
considering Size (in terms of energy), Access and Location
(in terms of site and transmission line);

= Prepare project layout drawings and preliminary plant
design;

PSS

= Pl‘ep are fea.Sibility leVel COSt eStimateS,' http://www.vmapas.com/Asia/South_Asia_Political_Map_20

04.jpg/maps-en.html?map_viewMap=1

= Develop a typical power purchase agreement (PPA);

eneral Layoutof Sunioshi-2 aeenit '
= Prepare a business model for regional power sharing;

= Assess proposed sites considering cross-border trade;

= Pre-feasibility level economic and financial evaluation
of alternatives;

= Evaluate financing options for project construction.
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Installed Capac1ty and Access to Electr1c1ty

Population in South Asia:

= 1,649.28 million (1/5t % of
world population)

Installed Capacity:

= 276,365 MW (69% is thermal
generation);

Access to Electricity:

= Afghanistan 15.6%
= Bangladesh 41%
= Bhutan 60%
» India 66.3%
= Maldives 100%
= Nepal 4 3.6%
= Pakistan 62.4%
» Sri Lanka 88%

http://apod.nasa.gov/apod/image/0011/earthlights2_dmsp_big.jpg

More than 1/3rd (37.5%) or 618.81 Million population in South Asia have no access to
electricity;

Development of a Potential Regional Hydropower Plant in South Asia: ;éa,
A Pre-feasibility Study Ve



Per Capita Electricity Consumption

Low Per Capita Electricity Consumption:

= Afghanistan - 49 kWh/person/year 49

= Bangladesh - 259 kWh/person/year

= Bhutan - 977 kWh/person/year 149 106

= India - 684 kWh/person/year 977
= Maldives - 521 kWh/person/year

= Nepal - 106 kWh/person/year 684
* Pakistan - 449 kWh/person/year

= Sri Lanka - 490 kWh/person/year

259

South Asian Average 517 kWh/person/year
and World Average 2,782 kWh/person/year.

Source: IRENA and World Bank Little Green Data Book 2014 490

521
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Percent change, yo-y  Real GDP Growth in South Asian Countries

?’g C s'rs 7 demand growth 'rate has a
- di L. iu relation with the ‘(yth rate of

)
try’s economy; ,.,Jm. | l
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2014 2015e 2016f 20171
®m Afghanistan ® Bangladesh ® Bhutan ®India ® Maldives ® Nepal ® Pakistan ® Sri Lanka

For example in India - At a GDP growth
rate of 8% and 9%, the country needs to
add power plant capacity of 203 GW and
275 GW in 2031 and 2032, respectively;

eration Expansion P}gn 2013 '—5032 , Ceylon Eléctricity Board



Energy Resources of South Asia

A -2 S SOUTH ASIAN |

Hydropower Resource: bl (AP o T : Geoasty |
\ . 0 ,*“Kp“"; ATV X .
0 e o -,
. : by e ML 3
* 3500 ' km  Hindu Kush Himalaya abut J or SV T %, cuiNa A
3 1 j - AFGHANISTAN ™iw =L e 5,
Afghanistan, Pakistan, India, Nepal and L, '-‘;"“3‘;;4:*‘-& ' “hols ,
Bhutan has huge water resources and the T s W g mruTAN IR
5 ~ X oy a8 IPAKISTAN - "\mu'-x'.}." ‘-\k A e
mountain topography with valleys suitable for AL R e I Y Y
.<\'a“"‘ 3 .‘A Devirt A ) 3 '-»-:'7\.‘ o o L L
hydropower development; smpncon L, | 5
e e INDIA -
= Out of 10 major rivers originating from the o e S ke
o o o o . : F | 2 v g &t TMYANSMAR
Hindu Kush Himalaya, rivers in South Asia / St ol 5 L
are Amu Darya, Indus, Ganga (Padma), and o’
Brahmaputra (Jamuna). i ‘
Arabian %
Techno- men
5 . Present Generation
Country Potential economically . o
Afghanistan 23,000 MW 18,400 MW 298 MW 1.62% i
Bangladesh 1,897 MW 775 MW 220 MW 28.39% — S s
<. MALDIVES
Bhutan 30,000 MW 23,760 MW 1,484 MW 6.25% TP /
India 150,000 MW 84,400 MW 40,195 MW 47.62% Y = 2 S =3 {—tvf_m
e A N DULEA N§ 0 C B AN SRS U
Nepal 83,000 MW 42,130 MW 743 MW 1.76 % http://www.mapsofworld.com/asia/south-asia-geography.html
Pakistan 100,000 MW 60,000 MW 6,928 MW 11.54% - The highest percentage iS in Sri Lanka
Sri Lanka 4,000 MW 2,423 MW 1,628 MW 67.19% (67.190/0) followed by India (47.620/0)
Total 391,897 MW 231,888 MW 51,496 MW 22.21%
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Energy Resources of South Asia Cont ..

Hydropower Export Potential :

= India and Pakistan - Huge hydropower
potential (but as per the present demand
there would not be surplus for export);

= Nepal and Bhutan - Hydropower potential
excess of their demand.

Coal:

* India, Pakistan and Bangladesh has
signification coal reserves (others do not
have viable quantities);

» India and Pakistan combined has 7% of
global total coal reserve;

Natural Gas:

» India (0.7%), Pakistan (0.3%) and
Bangladesh (0.1%) - 1.1% of the global
total reserve;

Oil:
= India - 0.3% of the global total reserve;

CHINA

2.48

Thousand Mtoe
Per Year

'INDONESIA

247

Mtoe Per Year

INDIA

361 \‘F

. Mtoe Per Year "'"’ I k

Source: World Energy Council 2015

————f TE3

Source: US Energy Informatlon Agency
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Energy Resources of South Asia Cont ..

Renewable Energy Resources:

Renewable Paki . X
Energy Potential akistan Sri Lanka

Wind 45,000 MW
Solar 50,000 MW
Biogas plants 15,000 Units
Ocean thermal 50,000 MW
Sea wave 20,000 MW
Tidal 9,000 MW

1,100 - 40,000 MW 24,000 MW

Very Large Large
~ 1,000 Units 300 Units
NA NA

NA NA

NA NA

Source: Regional Energy Security for South Asia, Regional Report, SARI/Energy

NA = Not Availabe

http://www.altenergystocks.com/archives/ocean_power/

http://www.nepcindia.co.in/images/gallery/gujarat/windfarm1.jpg
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Power Supply and Demand Gap
" | Afghanisan | Bangladesh | Bhutan | India | Maldives | Nepal | Pakisan | SriLanka

Hydropower 298 MW 220 MW 1484 MW 40,195 MW - 743 MW 6,928 MW 1,628 MW
Nuclear - - - 4,780 MW - - 787 MW -
Renewables 7 MW - - 29,463 MW - - 50 MW 99 MW
Thermal 285 MW 8,317 MW - 163,305 MW 245 MW 53 MW 15,852 MW 1,635 MW
Total 590 MW 8,537 MW 1,484 MW 237,743 MW 245MW 787 MW 23,617 MW 3,362 MW
Grand Total
Principal Hydro Gas and Hydro Coal Biomass Hydro Gas and Wind
Resource Coal power power lignite Biomass
power
Demand and - About  Significant >15% - Peak  >25% Peak Some
Supply Gap % 25% surplus  Energy Deficit and base Demand Deficit
deficit Deficit

Source: AF-Mercados EMI 2011, CEB Statistical Digest 2013; Annual Report 2012-13, CEA; Pakistan Energy Yearbook 2012; NEA Year in Review, Fiscal
Year 2013/2014; Annual Report 2012-13, Bangladesh Power Development Board; Annual Report 2013, Bhutan Power Corporation Limited

= Pakistan - Peak demand deficit >25% (highest in the region).

* Bangladesh - Peak and base deficit is 25%.
* India - Energy deficit >15%.

Electricity Supply Demand Gap (2012):
* India - Peak shortage 12,159 MW;

: Cumulative Gap
* Pakistan - Peak shortage 5,500 MW; 18,707 MW

* Bangladesh - Peak shortage 1,048 MW.

Development of a Potential Regional Hydropower Plant in South Asia:
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Identified Projects

Firstly Identified Project:

= 10,800 MW Karnali Chisapani Multi-purpose Storage Project (project was not found
financially feasible);

Installed Capacity | Project Scheme Dam Height | Catchment Area

Sunkoshi 2 1,100 MW Storage Monsoon and snowfall 166 m 10,221.88 km?
Budhi Gandaki 1,000 MW Storage Monsoon and snowfall 263 m 6,190.24 km?
Sunkoshi 3 600 MW Storage Monsoon and snowfall 160 m 5,005 km?

= All 3 projects accessible by road;

U NEPAL RIVER MAP A
* Department of Hydrology and Meteorology S i N
Nepal river gauging data are available for § G L
all 3 projects; o
All 3p ] . - 4 A \'\\ 1ihu|o Bherl Kali Gandaki f&' \
. projects are located in the middle hills \( Babai WESTREN Budl )\
Of Nepal. \ Rapu' Narwariicandak' e 1 Arun

CENTRAL Tama Koshi:

» Directly affected population is less (> ; 'f\'\ Sunkoshi EASTERN
15,000 in Sunkoshi 2 Storage Project); Tamur

> 7,000 ha of cultivated land, forest,
gl‘aSSIand, bal‘l‘en land Wi]_l be affected; http://www.himalayanriverfun.com/information/riversystem.php

> Resettlement would not be difficult.

Development of a Potential Regional Hydropower Plant in South Asia:
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Cost Estimate and Electricity Tariff

Cost Estimate and Energy Generation:

Cost Estimate Energy Generation | Energy per MW | Cost per kW

1,100 MW Sunkoshi 2 US$ 1,639 Million 3,795 GWh/year 3.45 US$ 1,490
1,000 MW Budhi Gandaki US$ 2,202 Million 4,142 GWh/year 4.14 US$ 1,967
600 MW Sunkoshi 3 US$ 968 Million 2,051 GWh/year 3.42 US$ 1,613

Tariff Determination:

» Electricity tariff was determined by wusing fixed cost components and standard
assumptions;

* Key Assumptions:
» Debt: Equity Ratio: 70:30;

> Return on Equity: 20%;

> Prevailing interest rate: 11%.

Minimum Tariff:
= USc 8.58/kWh (Average for peaking and non-peaking)

Development of a Potential Regional Hydropower Plant in South Asia:
A Pre-feasibility Study




l Budhi Gandaki | _Sunkoshi 3

Financial Analysis

Objective:

= Verification of project’s profitability and sustainability, both of which are evaluated from a

strictly financial perspective;

Approach:

= Analysis is based on discounted
cash flow (DCF) method;

= Calculation of Project IRR, NPV,
B/C Ratio and cash flow;

Financial Indicators:

Data and Assumptions for Financial Analysis (Base Case)

. Sunkoshi 2 Sunkoshi 3 Budhi Gandaki
Description Storage Project Storage Project Storage Project
Project Capacity 1,100 W 600 MW 1,000 MW
Average Power Generation 3,795.09 GWh/year 205122 GWh/vear 4,142 41 GWh/vear
Debt: Equity Ratio 70:30 ’ 70:30 70:30
Interest Rate 11% 11% 11%
Project Cost USS 1485 7Imillion |  USS 877.37 million | USS 1,996.59 million
lat 2015 price level)
Total Project Cost (Including IDC) S5 1,635 68 million TS5 97670 million | TS5 2,202.15 million

Equity US55 494 12 million US55 291 25 million | TS5 660.64 million
Debt 155 1,152.94 million US55 679.59 million | US5 1,541.51 million
Envisaged COD 2024 2024 2024
Construction (starting 2019) & years 6 vears b6 vears

Internal Rate of Return (IRR) 13.76%
NPV at 10% Discount Rate US$ 112,283 Million
Benefit Cost Ratio 1.38

11.23% 8.22%
USS$ 5,494 Million Negative
1.03 0.62

Development of a Potential Regional Hydropower Plant in South Asia:
A Pre-feasibility Study




Economic Analysis

Objective:
= Demonstrate that project implementation justifies efficient use of scarce economic
resources;

Approach:

= Analysis is based on discounted cash flow (DCF) method;
» Calculation of Project Economic IRR, NPV, B/C Ratio;

Key Assumptions:
= Emission benefit calculated for 10% electricity use in Nepal and 90% export;

= Carbon reduction revenue at US$ 23.24/tCO,/year (Syanpse Energy Economics Inc.

Economic Indicators :

Description/Indicators Budhi Gandaki Sunkoshi 3

Average GHG emission reduction 3.15 Million tCO,/year 3.44 Million tCO,/year 1.7 Million tCO,/year
Carbon reduction revenue US$ 73.15 Million/year US$ 79.85 Million/year US$ 39.54 Million/year
Capital cost of coal plant USS$ 825 Million USS$ 750 Million USS$ 450 Million

‘ Fuel cost US$ 153.30 Million/year =~ US$ 139.36 Million/year USS$ 83.62 Million/year

 EIRR 30% 16.18% 25.66%

E Economic B/C Ratio 1.58 1.12 1.46

Development of a Potential Regional Hydropower Plant in South Asia:
A Pre-feasibility Study




Transmission Infrastructure

Power Transmission Infrastructure:

= India - Only country having cross-border
inter-connections with  Bangladesh,
Bhutan, and Nepal;

» India and Sri Lanka - Under sea

° . ° . Eusting linky

transmission line is under study; S

ul.; :v’,“a; / | “Il‘f‘l.\f‘wn
* India is in a unique position - Can play e

key role in the promotion of power S —— : 1o R T T
ke B | 2.190 i 140168

trade in South Asia. st oo | i ps——
..':\;'nl;ul)“ -l.l"l"vh"‘l |’;m‘ 'l;'r;:ml_f&,:. AL

Source: Vivek Bhardwaj, CSE

Proposed Transmission Infrastructure:
IPer kWh Electricity Tariff and Transmission Line Cost
] +/- 500 kV HVDC Description Afghanistan | Bangladesh India Pakistan

4 . e 1,850 350 125 1,250
» Transmission losses reduced to 2% for | FProposedProject : :
Generation Cost " - an_ 1a 13.2 (Peaking)

11000 km length; USc'kWh 50 %61 54 _U,'E 9.2 (MNon-peaking)

# . Electricity Tariff

» Construction cost is less than AC | proposedproject 5.55 5.58 5.58 8.56

system as right of way is 50 m. S

Transmission Cost
USgkWh
Electricity tariff with transmission cost: Final Electricity Tarif
Usc’kWh

A FeaSIble = Indla, PakIStan and Sources: FICCT Lack of Affordable & Quality Power: Shackling India’s Growth Storv, Casa
o 1000 Study, Casa 1000 Study, Energy Sector in Bangladesh Study by IIDS
Bangladesh;

100
1.l

(S]]

3

(2]

0.36 3.63

1396 9.60 8.58 1221
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Summary

= Wide gap exists between supply of electricity generated and demand in the region;

= The cumulative supply and demand gap in India, Pakistan and Bangladesh is 18,707 MW.
This creates huge market for potential power producers such as Nepal and Bhutan;

* The Sunkoshi 2 Storage Project has the highest FIRR of 13.67%, which equals to WACC of
13.7%, and the B/C Ratio is 1.38;

» Similarly, Sunkoshi 2 Storage Project has the highest EIRR at 30%;
= Therefore, Sunkoshi 2 Storage Project is both financially and economically feasible;

= It is envisaged that the pre-construction works require 2 years, and another 6 years is
required for project completion;

= Rajasthan Sun Technique Concentrated Solar Project financing model could be useful for
replication, where combined debt is from foreign public institutions and local private
investment;

= SARPP model regional pool will add value to peaking power generation by matching with
the region’s peak load demand timings

Development of a Potential Regional Hydropower Plant in South Asia:
A Pre-feasibility Study
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Study Methodology Contmued

CHINA

Yarlung Zongbe (Tsangpo) o Hhasa

Major River Basins in Nepal: i

= Koshi =
= Karnali

= Gandaki \ ‘ MRS '}r

» Mahakali 2 MYANWAR

Bay of Bengal
https://upload.wikimedia. org/w1k1pedla/commons/3/34/Ganges Brahmaputra

Meghna_basins.j
River Basin Area (ia?) R m

Koshi 60,400 Monsoon and snowmelt In Nepal 27,863 km?
In China 32,537 km?

Karnali 43,679 Monsoon and snowmelt In Nepal 41,058 km?
In China 2,621 km?

Gandaki 34,960 Monsoon and snowmelt In Nepal 29,626 km?
In China 5,334 km?

Mahakali 15,260 Monsoon and snowmelt In Nepal 5,317 km?

In India 9,943 km?

Source: M. R. Gautam & K. Acharya (2012) Streamflow trends in Nepal, Hydrological Sciences Journal

Development of a Potential Regional Hydropower Plant in South Asia:
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Study Methodology Continued ...

Study completely based on published reports, information and maps:

Reports reviewed: &
= Master Plan Study on the Koshi River
(1985);

= Master Plan Study on Karnali and
Mahakali River Basins;

= Master Plan Study on Gandaki River
Basin (UNDP Assistance 1979);

Glaciers and Glacial Lakes in Nepal
I Glaciers

- River network

@ Potentially dangerous glacial lakes

= Feasibility Study of Karnali Chisapani
Project (1989);

= Nationwide Master Plan Study on
Storage Type Hydropower
Development in Nepal (2014).

Source: UNEP/ICIMOD

2 J“
T
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Study Methodology Continued ...

Other Maps:
* Google Earth;

To Katmandu

Hurano’Jhangajhol

POWER DEVELOPMENT MAP OF NEPAL

MALOR POWER STATIONS TRANSMESSION LINES 4 SUBSTATIONS

» Maps of South Asian

by samma ! ¢ SSAS \ CHINA
J i \ ;

countries (Political, rivers,
transmission line etc.).

http://www.sari-energy.org/pagefiles/countries/nepal_energy_detail.asp

Development of a Potential Regional Hydropower Plant in South Asia:
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Study Methodology Continued ...

River Source:
= Summer monsoon contributes about 80%
of annual precipitation in Nepal.

* Snowmelt is the primary source of pre-
monsoon flow for rivers with catchment
above snowline;

Hydrological and Meteorological Data:

= Data used for the present study are from
Department of Hydrology and
Meteorology (DHM) of Nepal. The DHM
records and publishes meteorological and
streamflow data of rivers in Nepal.

SYSTEM FLOW

Length of Data Stream: ®

* Budi Gandaki Station at Arughat (from 1963); / :\ - ﬁ
e ST 7 ' C e ¥T =

» Sunkoshi Station at Khurkot (from 1967); n \E "\"‘ j

Real time online data collection using Data
Logger

Development of a Potential Regional Hydropower Plant in South Asia:
A Pre-feasibility Study
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Review of Electricity Laws and Regulations

Country Key Policy Act Regulatory Institution
. . o - Draft Electricity Law has proposed
Afghanistan | Electricity Sector Policy 2003 ;‘; ;’2 Royilsing Electricity Afghanistan Electricity Regulatory
Authority (AEFA)
Electricity Act, 1910; Private
: v Sector General Policy, 1996; Bangladesh  Energy  Regulatory
Paysladopi—i-National Ercrayegey it Bangladesh Energy Regulatory | Commission (BERC)
Commission Act 2003
Bhutan Sustainable
Bhutan Hydropower Development Electricity Act, 2001 Bhutan Electricity Authority (BEA)
Policy, 2008
: > . Central Electricity Regulatory
India ZNO%tslonal Electricity fplIfy, Electricity Act, 2003 Commission (CERC), and Electricity
Commissions in most States
Maldives National Energy Policy & Electricity/Energy Act, yet to be Maldives Energy Authority
Strategy, 2010 formulated
Nepal Hyc.lropower Development Electricity Act, 1992 Draft .Nc.epal Electricity Regulation
Policy, 2001 Commission Act, 2065
Electricity Act 1910; Regulation
: of Generation, Transmission National Electric Power Regulatory
Pakistan National P Policy, 2013 d 4
il ' and Distribution of Electric Authority (NEPRA)
Power Act 1997
S J Sri Lanka Electricity Act, 2009; ] - . . .
Sri Lanka National Energy Policy & Public Utilities Commission Public Utilities Commission of Sri

Strategies of Sri Lanka, 2008

Act, 2009

Lanka (PUCSL)

Development of a Potential Regional Hydropower Plant in South Asia:

Pre-feasibility Study




Vertically
Integrated Utilities
Generation
Transmission
Distribution

Afghanistan Bhutan

-

Independent Power Producers
Vertically Integrated Utilities
Generation

Transmission
Distribution

Maldives Nepal Sri Lanka

Generation (Many)

State Owned Companies

Independent Power
Producers

Transmission
Distribution Companies

Bangladesh

Generation (Many)
State Owned Companies

Independent Power Producers Captive
Generation

Transmission Power Pool (India)
Distribution Companies

India Pakistan

»

1) :
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=
-
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Regional Power Integration

Legislative and Institutional Barriers:

= Lack of legal provisions governing cross-border electricity trade
(except in Nepal and Bhutan);

= Ad hoc bilateral agreements (instead of contractual arrangement).
Long term policy needs to be in place for sustainability;

= All SAARC member countries except Afghanistan and Nepal have
fully functional autonomous regulators to govern electricity sector.

Infrastructure Constraints:

= Lack of cross-border transmission line in the region as a whole. India
has bilateral links with Bhutan, Nepal and Bangladesh. However,
volume of trade is minuscule compared to their potential (except in

Bhutan);

Development of a Potential Regional Hydropower Plant in South Asia:
Pre-feasibility Study




Thank You

Development of a Potential Regional Hydropower Plant in South Asia:
Pre-feasibility Study




v
X

>
AL

'n‘\'m Year Average Growht Rate

- '3 s -~
\
-~

S
&

.-
b.\-l

w
ES

Energy
———GDP

N
R

A

Y INL

TH)
A
-3

—
R

E

NG

i<}
. 5 R

ht#pf//cdn.oilprice.com/images/tinymce/ada3065-min.j Pg

1Ay
"

sibility Study



i:opower Resource:

‘, Huge water resource potential - Himalaya abut
Em tan, Bhutan, India, N epal and Pakistan;

5.*- Coal Re urce:

o $1 n1f1cant coal reserves - In India, Pakistan and
lliangladesh (other’s do not have viable quantities);

¥ F“Troved reserve ln Indla 60 600 Mllllon Tonnes (6 80/ o Of s :i.l;t.‘tjli);//www.ral(n;l‘ine:ch/pages/np/visirl:/nl:)_rive;sl301.html
I f,? glbb'al‘total) and Pakistan - 2,070 Million Tonnes (0.2%
L-{ of glo?al total) BP Statistical Review of World Energy

(Z 5‘) Afghanistan
,{> India - . 3rd largest producer of coal in the world (400 Pakistan Nepal Bhutan
1’ ‘mi 10n ‘tons) after China (2,000 million tons) and the US Coal ' - Cod
ra 1lion tons);
' — Yy India Coal ﬁ ‘
A ‘ > Pélljstart‘ Strategic plan to exploit Thar coal and build Bangladesh
- power plants in nearby areas;

— ¢> Bgirrlgladeqh Limited coal reserve compared with India
i » nd Pakistan. Plans to exploit coal (Power System
5 M ster Pﬁp 2010);

” : I
, Maidives \ P

X4,

i = .§

), - AR A \‘ —
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BP Statistical Review of World Energy 2014); —_
boin 2L f __Gas Area
> Bangladesh (0.1%), India (0.7%) and Pakistan " { I
(0.3%) combined - 1.1% of global total; ; k_ f« -’"‘i
= Oil Resource: o ;’:\T, i
> Proved reserve - India, 5.7 Thousand million > 5. y [, '«"‘“\_ |
barrel (0.3% of global total); WA 5 rf'fy_'
| | Renewable Energy: 1 .-«r S’\\XP‘.\"I.‘.."‘IN’I:.”A‘

Energy Resources of South Asia

* Natural Gas Resource:

» Proved reserves - Bangladesh (0.3 trillion m3),

India (1.4 trillion m?®), Pakistan (0.6 trillion m3) = ¢ 5.

India - Gird interactive power is 38453 MW
(Ministry of New and Renewable Energy 2015)

> 26,744 MW (Wind) >50% of potential
> 6,763 MW (Solar) >12% of potential
> 4,831 MW (Biomass)

> 115 MW (Waste to energy)

Development of a Potential Regional Hydropower Plant in South Asia:
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Status of Electricity Sector in South Asia

Status of Electricity Sector:

= Insatiable: demand for electricity - India,
Bangladesh, Sri Lanka, and Pakistan;

» South Asia - Fastest growing region in the world;
» > 35% (618 million) population without access to

electricity;
> Low electricity consumption (517 kWh/capita/year);

= Black out “Load shedding” prevalent (except
Bhutan);

* Indigenous resources are being used at faster rate;
= Member countries exploring options to import
electricity to meet demand;
Power Exchange Opportunities: South Asia

* Nepal and Bhutan’s wet season hydropower surplus
matches with India, Pakistan and Bangladesh’s
summer peak demand.

= Coal power in India can supply base load.

= Pakistan and India has sizable flexible gas fired
generation.

ercont change, yoy  Real GDP Growth in South Asian Countries

UL

http://www.worldbank.org/en/news/press-release/2016/04/09/south-asia-fastest-
growing-region-world-vigilant-fading-tailwinds

WINTER OR SUMMER
YOU HWE TO '
SUFFER
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Status of Electricity Sector in Afghanistan

Afghanistan AFGHANISTAN [RFTE TAJIKISTAN CHINA
TURKMENISTAN
= Population - 29.8 Million Arines Radakhshan
e-Sharif oKunduz . <KUSH
= Area - 652,225 km? — ;ﬂ‘:’f""‘ W
Nuristan
. i ity - 2 amiyan o
Low Population Density - 46 people/km il Mc::?,,’.,:,,“:m e
Status of Electricity Sector: o R Ghaanie  sGarder
= Low access to electricity - 15.6%; eary FaE o Hetmand
- — . Girishke e PAKISTAN
= Low per capita electricity consumption - 49 kWh/year; i )
* Major indigenous energy resource is hydropower. o ‘.,m,,._, Matio , ha m':m
18,400 MW techno-economically feasible hydropower 0 180 miles

. . o . |
pOtentlal Of Wthh 1.62 /0 or 298 MW exPlOlted’ http://static.lonelyplanet.com/worldguide/maps/wg-afghanistan-1-400x300.gif

= Power generating capacity is beginning to grow - After Total Power Installed Capacity (590.07 MW)
a long period of decline;

Large

e A 18 0 Diesel H\dropower
= Electricity Import (> 250 MW) - Uzbekistan, Tajikistan, G\;:erafo;wl 223 MW
“ 3Z.4%) (37.8%)

Turkmenistan and Iran.8

B Large Hydropower

B Small Hydropower

= Da Afghanistan Breshna Sherkat (DABS) national
electric utility manages, operates and maintains the
national power system.

Solar Energy
B Wind Energy
B Thermal Power

Diesel Generator

Thermal Power

Small
94 MW (15.9 °
“md Energy Solar'Energ\ 7 thropcmer 75

0.07 MW MW (1.2%) MW (12.7%)
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Transmission System of Afghanistan

= North East Power System (NEPS) - Linking 4 =

Kabul, * Mazar-e-Shariff, Jalalabad  with 7\-(-:;&5‘ s
Uzbekistan (220kV) and Tajikistan (220 kV); L S

e i
= South East Power System (SEPS) - Linking
Kajaki and Kandhar (110 kV); s '

Electric Power Lines ———
‘. %,

http://www.sarienergy.org/images/content/countries/afghanistan/Afghanistan
_Energy_Overview_clip_image002_0000.jpg

= Herat System — Linking Herat with Iran
(132 and 110 kV);

* Turkmenistan System - Linking Herat,
Aquina, Andkhoi, Shirin, Tagab,
Mimana, @ Khoka Doko, Sarepul,
Shibirghan and Mazar-e-Sharif (110 kV).

21

Source: Mihfstty ol Mines

http://www.slideshare.net/IPPAl/an-introduction-to-petroleum-mineral-resources-of-
afghanistan
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Status of Electricity Sector in Bangladesh

Bangladesh . . 4
= Population - 154.7 Million; = =
= Area - 147,570 km? __

* Population Density - 1049 person/km? Sl D

Status of Electricity Sector: N\ oRe
= Access to electricity - 41%; '

= Low per capita electricity consumption - 259
kWh/year;

L Rich in Water resource. Rivers ]amuna’ Padma http://dlc?.logclus.ter.org/dow.nl.oac!/attachments/SSSZ(]O/Bangle{desh%ZOpower
r 4 2 %20map.jpg?version=1&modificationDate=1380639847000&api=v2
and Meghna. Flat terrain, limited hydropower —
potential; ApexBody
4 " Power Division, Ministry of Power, Energy & Mineral Resources (MPEMR)
=775 MW  techno-economically  feasible Regulator

® Bangladesh Energy Regulatory Commission (BERC)

hydropower potential of which 220 MW or Generation

= Bangladesh Power Development Board (EPDE)

29.320/0 exploited); = Ashuganj Power Station Company Ltd. (APSCL)

= Electricity Generation Company of Bangladesh (EGCE)
= North West Power Generation Company Ltd. (INWPGCL)

* Independent Power Producers (IPPs)

Heavy reliance on indigenous natural gas for Tk
Power generation (abOVe 850/0); ® Power Grid Company of Bangladesh Ltd (PGCE)

Distribution
= Bangladesh Power Development Board (EPDE)

Supply Demand Gap -< 1,000 MW; * Dhaka Power Distribution Company (DPDC)

= Dhaks Electric Supply Company Ltd iDESCO)
o o = West Zone Power Distribution Company (WZPDC)
ElectrlCIty tO a.].]. by 2021; ® Rural Electrification Board (REB) through Rural Co-operatives

httpiidlcalogcluster.org/download/attachments/353200/Bangl ade sh? a2 0power?all

map.jpglversion=1&modificationDate=1350639547000&api=vl
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Diesel
511 MW (6.3%)

Power Generation in Bangladesh

Total Power Installed Capacity (9,151 MW)

Hydropower
220 MW (2.7%)

Coal
200 MW
(2.4%)

B Natural Gas

B Furnace Oil
Diesel

W Hydropower

M Coal

Source: Bangladesh Power Development Board, Annual Report 2012-13

Installed Capacity, Maximum Demand, Maximum Peak Generation and Maximum load Shedding

Installad Addition of Present Maximnum MMaximum Peal Maximnum
Yeaar Capacity Installed Capacity MW Demamnd Generation Load Shedding
(MWD Capacity (MW) (Derated) (AWW) (MWW) (M)
2005-09 5719 b18 5166 6,066 4162 1,269
2009-10 5,823 104 5271 6,454 4 606 1,459
2010-11 7264 1,441 6,639 6,639 4 890 1,335
2011-12 8716 1,452 8,100 7018 6, 066 1,058
2012-13 9151 435 8,537 8,349 6,434 1,048

Source: Bangladesh Power Development Board, Annual Report 2012-13
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Transmission System in Bangladesh

MloaMW\l
INDIA Ql ’

= Transmission system - Jointly owned by
parastatal organization (Bangladesh Power
Development Board 75%) and general
public;

= Cross-border connection with India

> 125 km long 400 kV DC line Bheramara
and Baharampur in West Bengal, India
(capacity up to 1,000 MW);

= Power System Master Plan 2010 - Envisages
power import from Bhutan (1,000 MW),
India additional 1,000 MW, Nepal (1,000
MW) and Myanmar 500 MW);

| )
oS ;I‘ |

J f{; W 2
j*w |
)

; Jt Wy ‘;})'\_‘L_\’t <,5‘~

(A

[
~

BAY OF BENGAL 500M\X'

.’h ANM

Source: Cross-border Power Trading Plan (Power System Master Plan 2010)

Bangladesh - Transmission System |

Transmission System Type Voltage (KV) level Unit Length
400 ckm 165
AC Transmission Lines 230 ckm 3,066
132 ckm 6,125
Total ckm 9,356
400 Number 1
AC Substation 2304132 Number 58
132/33 Number 58
Total 177

Source: Power Grid Company of Bangladesh, 2013
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Power Planning in Bangladesh

= Bangladesh plans to set up 2,000 MW Ruppur Nuclear Power Plant at Rooppur, 200 km
northwest. of Dhaka in 2018. It is planned to go into operation by 2020;
(https://en.wikipedia.org/wiki/Electricity_sector_in_Bangladesh )

= Bangladesh has prepared a comprehensive Power Sector Master Plan (PSMP) in 2010.
> As per PSMP peak demand is 17,500 MW (year 2020) and 34,000 MW (year 2030);

> To meet the peak demand, suggested installed capacities 22,500 MW (year 2020) and

39,000 MW (year 2030).
Power Demand Forecast 2010-2030
45000
_____ — Government Policy | — i —————
40,000 — COmparision 7% el
ac nnn TN Comparsion6% <  .° |
35,000 - == Comparision 8%
30,000 F-—-- --- PSMP2006-Base  ________.° e |
3 PSMP2006-Low
g 25000 F---- pS."-’FQOOG-I"igh _____________________________
2
g 20000 f-=-—-==-mmm-mmm—m—m e e e T
© 15000 f---------=--=-- e T T T
10,000 | ————=—or == - g e Rt =2 e e e — e ———————m— e ———— =]
1 i e e
0

Source: JICA Study Team
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Status of Electricity Sector in Bhutan

BHUTAN

< :—n...... it B ot

Bhutan -
= Population - 742 Thousand "
= Area - 38,364 km?

* Low Population Density - 20 person/km?

(t18ET)

Status of Electricity Sector:

= Access to electricity - 60%; " e IR
e ! s Sl Z'U‘GM e s};ggﬁuﬂ
o ° o o ° orsa (SRANG S SARPA "‘6“ HA
= Highest per capita electricity consumption o Sl Bpon = :
- & ( ; « Gowpty * bavdng Jrghte
in South Asia - 977 kWh/year; Tty d
. L = .
Huge hydropower pot.entlél Hlm.alatyan . . : | A
rivers and large altitudinal variations . , : : : :
: / ttp://www.ezilon.com/maps/images/asia/Bhutan-physical-map.gif
(Techno-economically feasible 23,760 MW 4 Major rivers in Bhutan
of which 6.25% or 1,484 MW exploited); > Torsa (shortest) > Sunkosh (longest)
= Virtually all electricity hydropower based; > Wangchu > Manas
" POlicy Goal Achieve additional 10,000 Hvdropower Projects under Operation in Bhutan
s s Project Generation 2013 Installed Capacity
MW .1r}stalled capacity by 2020, Tap the — =LA .
remaining by 2030; Kurichhu 378.60GWh 50 MW
1 Basochhu - I o 24 MW
Presently Bhutan - Exports 75% of its total et BL77Glh =
101 1 1 1 Tala 491363GWh 1,020 MW
elfectrlqt)f generatlon. . to India. .Durmg S S S
winter it import electricity from India; Total 755145 GIh LASIMW

Source: Annual Report 2013, Druk Green Power Corporation Limited, Bhutan
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Transmission System and Power Sector Structure in Bhutan

Power Sector Structure of Bhutan.

— e

= Transmission system circuit length - WNTSTRYOFEGON-?DMCMFHRS
1,015 km; fhﬁﬁm Deptof Trade e
* Internal transmission system - 66 kV ;:m 1| D b FREREE
and 132 kV Rzglﬂalnu_rﬁmﬂimsh H
5 h J
» Cross-border connection with India. i:;jﬂ%&
. * - '-----; ---------------- . S
> 220 kV line - 336 MW Chukha HEP : Dr:'men H :
and Birpara in West Bengal, India; - latpercpomr e 1| g se.sp] BhTARPOwET |,
. -ﬁmg Corpomrion
> 132 KV line - 60 MW Kurichu HEP  |&5uof+ s+ s+ b Sucomtragomnn

and Salakati in Assam, India; b ;

¥
> 400 KV DC line - 1,020 MW Tala | Gumii S
HEP and Siliguri in West Bengal, = |ZZ=== >

India. S D Rinsin Dor S Chihalens HydroFevee Plant, Drk Green 7
Existing Transmission Line Between Bhutan and India
i’roject Capacity Connection Locations
336 MW Chukha HEP 220kV Chukha (Bhutan) — Birpara (West Bengal, India)
60 MW Kurichu HEP 132 kV Kurichu (Bhutan) — Salakati (Assam, India)
1020 MW Tala HEP 400 kV Tala (Bhutan) — Siliguri (West Bengal, India)

Source: National Transmission Grid Master Plan for Bhutan, CEA India, 2012
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Status of Electricity Sector in India

India
= Population - 1,236.7 Million (17% of world)
= Area- 3,287,240 km? — —_—

* Low Population Density - 377 person/km? Fig 1-3. India Energy

Resource Map

Status of Electricity Sector:
= Access to electricity - 66.3%;

= Per capita electricity consumption - 684
kWh/year;

= India’s power market 4" largest in Asia and 6t
largest in the world;

* Dominant fuel for power generation - Coal
140,723 MW (about 60%). Coal shortage;

* Techno-economically feasible hydropower potential
84,400 MW of which 47.62% (40,195 MW) exploited;

= Peak power shortage - 12,159 MW in 2012-13;

= Demand-Forecast at 8% growth - 425,000 MW
(2021-22) and 778,000 MW (2031-32);

= Cross-border interconnection with Bangladesh,
Bhutan and Nepal.

A Load centre

B coal

- Hydro

- Lignite
Coastal

K{ajnkulam g

Source: Powergrid
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: ,.. ,rné;a's thal Power Installed Capacity is 237,743 MW (February

Hydro Renewable
40,195 29,463 MW
MW (12.4%)
0,
\ (16.9%) 780
J %) m Coal Power
| B Natural Gas
' W Diesel
B Hydropower
i B Nuclear
B Renewable Energy

ﬁ Natur.
Diesel 1,200 21,382 MW
- MW ({15%) (9%)
Source dfntrhl Electricity Authority of India, Summary, February 2014

+
! g ."' - 'J‘)'.'.‘ ’.“‘:_" -‘-' ".] “ 1' ‘\"‘.k

1 -

s

J

w.niticentral.com/2014/11/02/solar-energy-german-
— - technology- Bi 1p-india-235578,html

¥, 2 ox

Power Sector Structure of India

Apex Body

" Ministry of Water and Power

Statutory Organization
= Mational Electric Power and Regulatory Authority (NEPEA)

Generation

» Water and Power Development Authority (WAPDA) responsible for water and
hydropower development

Pakistan Electric Power Company (PEPCO)

NTPC Ltd. (Public Sector Utility)

MNorth Eastern Power Corporation Limited (NEEPCO)

STVNL

State Level Electricity Boards

Mewveli Lignite Corporation (NLV)

* Independent Power Producers [IFPS)I

Transmission
® Power Grid Corporation of India (Responsible for inter-state transmission)

= Private sector

Distribution
" State Electricity Boards

® Distribution privatized in Kolkata, Mumbai, Delhi, Greater Noida (UP),
Ahmedabad, Surat and Orissa etc.

http://www.tatapower.com/services/power-projects.aspx

es such as Solar and Wind power are picking up in India.

R
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Transmission System in India

TAJIKISTAN

CHINA

= Five grids - Northern grid (NR), Eastern  arcuamsn
Grid (ER), Western Grid (WR), Southern =
(SR), North Eastern (NER); N

PAKISTAN

d
z
3
2

= All five regional grids connected to the = :
central grid through 765 kV transmission | NN o ‘
line; ol \\L- e ;um‘..

T MYANMAR

= Power transmission and distribution grid Eny =t e
in India - Three-tier (Distribution AN S et
networks, State Grids and Regional Grids; T

= Private sector allowed participation in L=~
transmission line development (National | X S oer
Electricity Policy 2006) - 3,239 circuit km =
transmission line commissioned in 2011-12
(Central Electricity Authority).

SRI-LANKA osher iays

Source: Global Energy Network Institute (GENI)
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Description

<§"' gmw$eak Demand and Peak Shortage

- Peak demand 130,006 MW 135,453 MW 4.2% (Increase)
=
e Peak demand met 116,191 MW 123,294 MW 6.1% (Increase)
" Peak shortage 13,815 MW 12,159 MW 10% to 9% (Decrease)
“ A _{ 7 l Source: Central ﬁleétnaty Authority of India, Annual Report, 2012-13.
L;(_Pla’fl F[fommlssmn of India Prolechons for Power W0~ W corgowen [ % 60P growth 2
rﬁeﬁmﬂdﬁ based on Falling Elasticities
Projected Installed Installed 20
Electricity T°":l'l’i‘::'kb‘;h‘“‘“d Peak Demand Capacity Capacity
Ak (Falling (GW) Required (GW) | Addition (CW) | &
elasticities) GDP Growth GDP Growth | GDP Growth | GDP Growth 30
8% 9% 8% 9% 8% 9% 8% 9% 3
201112 | 095085 1097 1167 158 168 220 233 67 78 g
2016-17 0.85 1524 1678 26 | 250 | 306 337 86 151 g
| 2021-22 | 0:850.78 2118 2438 33 n 425 488 19 151 g
0.78 2866 23 37 |52 | 575 685 | 130 197 z
078 3880 4806 592 733 778 960 203 275 §’m
grated Energy Policy 2006, Planning Commission of India
50

200217
12th plan

mrn
13th plan

-7
14th plan

-
15th plan

2002-07
}0eh plan

200712
11t plan




Status of Electricity in the Maldives

Maldives The State E.lec.tric .= :::::- i
Company Limited T
= Population - 338 Thousand (STELCO) is an | = =
entirely State . =
= Area - 300 km? (spread over 859,000 km? area 1,190 owned ol Ao
coral island and 19 atolls) preanization =
responsible  for = o
= Population density - 1,127 person/km? the  generation -
and distribution | __ = =
Status of Electricity Sector: and ~ sale  of = s
electricity to —=
= Access to electricity - 100%; consumers e
" — - through out the e
= Per capita electricity consumption - 521 kWh/year; North  Central =)
s Province (NCP) of
= Lack of oil, natural gas or coal reserves; the Republic of
v Maldi -
= Largest consumer of fuel - Electricity sector; i

Source: Maldives SREP Investment Plan (2013-17), Ministry of Environment
and Energy, Republic of Maldives

= Cannot cost effectively import electricity from
neighboring countries ;

* Plans for renewable energy resources;

Inhabited Islands i 120

> SOlar > WInd > Ocean > BlomaSS Tourism Resorts (estimated) 105

= Ensure 50% of power generation in 2025 - ndustrial lslands 20
Using renewable sources; Total 245

= Road map - Iegrating diesel based generation with
PV and wind to cut generation cost. But, limitations
has been land availability and grid stability.

Source: Modeling Energy System in the Maldives, Julie Camerlynck
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Status of Electricity Sector in Nepal

Nepal

= Population - 27.5 Million
= Area- 147,181 km?
= Low Population Density - 187 person/km?

Status of Electricity Sector: Y

Panchedywar
(SA00 30N

= Access to electricity — 43.6%;
Per capita electricity consumption - 106

Budhi Gangs
| 23w

Legend:

" Upper Karmal |
(200 3Ny
< owmw S ——

Bhote Kbosd
(3w [

Mahaiali Basn
Karmali Buia
Gandaia Sasin
Seuthern Rivers Basin

Gandaic Basia

CHINA

e |

B |
kWh/year; ot ,
= 4 (10.50031W) .\ndl:i‘{‘(boh ” /
= Huge hydropower potential - Large d |
itudi iati i Gmme] INDIA M58 | {
altitudinal variations and 6,000 rivers; Jimrek |] lante S e}
SDC, HMG/N e | " h
* Low hydropower utilization - About 1.76%
(787 MW of 42,130 MW techno- | Installed Capacity of PowerPlants in Nepal |
. . Plant Type and Owwner Installed Capacity (MW)
econorfllcally feasible hydropower MNEA's Major Hydropower Stations (11 Nos.) 459.15
POtentlal); NEA's Small Hydropower Stations (25 Nos.) 1424
g o © MEA's Plants (Tsolated) 454
= Major source of electricity - Hydropower; NEA's Hydropower (Total YRR
. IPPs Hydropower (39 Nos.) 255
| . .
Nepal experiences severe power shortage; Total Hydropower in Nepal =
= Power sector bundled, NEA manages :E:f' ?T“M' 54
. . . ° . ) - S5 F0Mar ML
generation, transmission and distribution. Faitmstied capadty =03

IPPs involved in hydropower generation.

Source: A Year in Review 2013-2014, Nepal Electricity Authority
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Transmission System in Nepal

* Total transmission system circuit length -  MaRm v ST TR s & SO ’
2,640 km, of which 132 kV is 2,130 km long NL L D
and remaining 511 km is 66 kV. C. B, s

» 132 kV circuit length - 2,130 km; *&;g;ﬁ.:: - r.m‘h L .‘T‘“—;:”f

* Major internal transmission system - 66 kV R B Tl /f_",%;';;‘f

»._'7._._ —', Y ¢ _' ( -5 'i
and 132 kV R ‘.,,.L 5_') 2 3,*?“‘%* | \
= Cross-border connection with India. N P 2 L oingy ot
> Recently completed 440 kV line between — s = "":::33,__.;—47” wm& =
Dhalkebar in Nepal and Muzaffarpur in B eiin b o Ll
. e wie 77 A O e
India; . EEm ;}n &%

Lowwre rId;ulw ity Authorsty

= Transmission line for power evacuation has been a bottle neck for hydropower pro]ect
construction in Nepal.

» Nepal Electricity Authority (NEA) has concluded PPA with 83 private hydropower
developers to construct a total of 1,521 MW installed capacity. These are in different
stages of construction;

» In addition, NEA has concluded PPA with 33 private hydropower developers and are in
different stages of development;

= NEA is preparing a river basin wise Nepal Transmission System Master Plan for 2015 to
2035.

Development of a Potential Regional Hydropower Plant in South Asia:

Pre-feasibility Study



Status of Electricity Sector in Pakistan

Pakistan T |
= Population — 179.2 Million (17% of world) \ M <

= Area - 881,913 km?
* Low Population Density - 204 person/km?

Status of Electricity Sector:
Access to electricity - 62.4%;

Per Capita Electricity Consumption - 449

kWh/year; |
: o http://tribune.com.pk/stof}'r7704228/burden-of-power-why-we-are-in-the-dark/
Domlnant fuel fOl‘ power generatlon ¥ GaS 9,1 75 Power Sector Structure of India

MW (about 40%) Apex Body

= MMinistry of Water and Posver

Statutory Organization
11.4% or 6,928MW of 60,000 MW techno- | . t:"::tfurl:tl Elegctric Pl:fi-rer and Regulatory Authority (NEPRA)
economically feasible hydropower potential | Z5lsmtor

Water and Power Development Authority (WAFDA) responsible

o for wwater and hydroposver development
eXPIOIted,' = Pakistan Electric Posver Company (FEFCO)
= IFPPs
= PAEC
= KESC

Transmission

= Mational Transmission and Power Dispatch Company (MTDHC)
= KESC Transmission

Distribution
= LESCO
" SEPSCO

= IESCO

" MMEPCO

» PESCO

= HESCO

" QESCO

= TESCO
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Power Generation in Pakistan

Pakistan’s Total Power Installed Capacity is 23,617 MW (2012-13)

787 MW 50 MW (0.2%)
(3.3%)

B Thermal
B Hydropower

Nuclear

B Wind

of. & o
3,478 MW Tarbela Dam Largest Hydropower Pr

/¢

o W
oject in South Asia

] . http://www.skyscrapercity.com/showthread.php?t=1685017&page=7
http://www.adb.org/mews/photo-essays/winds-change-pakistans- 100 MW Quaid-e-Azam Solar Park in Bahawalpur, Pakistan
zorlu-wind-farm
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Power Planning in Pakistan

= Although, the total installed capacity in the country is 23,617 MW, power
plants are so old that they generate about 15,000 MW.

= Pakistan is a huge market for power as it currently has a power deficit of 5,550
MW.

= As a part of Mid Term Development Framework 2005 - 10, Pakistan has
prepared an Energy Security Action Plan (ESAP) 2005.

Energy Security Action Plan (ESAP) 2005

Year Hydropower Nuclear Coal Renewable (Gas il Total Cumulative
2005 6,460 400 160 180 5,940 | 6,400 19,540

2010 1260 - 900 70 4,860 160 7,880 27,420
2015 7,57 900 3,000 800 7,550 300 20,120 39,693
2020 4 700 1,500 4 200 1,470 12,560 300 24,730 72,720
2025 5,600 4,000 5,400 2,700 | 22,490 300 38,490 110,760
2030 7,070 8,800 6,250 3,850 30,360 300 51,830 162,590
Total 32,660 8,800 | 19,190 9,700 83,760 | 7,760 | 162,590

Source: Energy Security Action Plan (ESAP) 2005
= Projected Installed Capacity target for 2030 is 162,590 MW.
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Transmission System in Pakistan

* Main transmission system - 500 kV north
south longitudinal line;

= National = Transmission = Development
Company (NTDC) - Purchases power from
Generation Companies (GENCOs);

= NTDC operates - 12 (500 kV), 29 (220 kV)
grid stations and 5,077 circuit km of 500 kV
and 7,359 circuit km of 200 kV networks;

Pakistan - Transmission System in Pakistan

Transmission Svstem Tvpe Vaoltage Level | Unit As on 30 June 2013
500KV | ckm 5,143.73
220KV | ckm 5,309.20
ACT: ission Li e
FenSHHESIon THes 132KV | ckm 1445300
66kV | ckm 4,153.00

Total

ckm

=7 oo oo
34000573

Source: NTDC, Power System Statistics 2012-13
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Status of Electricity Sector in Sri Lanka

Sri Lanka

= Population - 20.3 Million
= Area- 65,610 km?
= Low Population Density - 310 person/km?

Electricity Sector Overview:

= Access to electricity - 88%;

» Per capita electricity consumption - 490
kWh/year;

"= 67.19% or 1,628 MW techno-economically
feasible hydropower potential 2,4023 MW
exploited;

* Heavy reliance on liquid fuel - Plans for
relatively less expensive coal power and
renewable energy (wind and Solar);

= Study underway for India-Sri Lanka
undersea HVDC cable (Capacity 500 - 1,000
MW);

Transmission Network
014

Source; Ceylon Electricity Board

Power Sector Structure in Sri Lanka
Structure of Electricity Industry

(Subsequent to Sri Lanka Electricity Act 2009)

£ -
Ministry of Power & [
E-

I' Generation Licensee Generation Licensees
f (Ceylon Electricity 8oard) (Private)
(" Distribution Distribution  Distribution  Distribution n stribution
Licensee 1 Licensee 2 Licensee 3 Licenseed  Licensee
(CEB) {CEB} (CEB) {CES) (LECOI

=h =h o cEacis

http://lirneasia.net/wp-content/uploads/2013/03/Introduction-Electricity-sector-Read-Only.pdf
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Power Planning in Sri Lanka

Sri Lanka’s Total Power Installed Capacity is 3,362 MW: Generation Expansion Plan
Hvd - 2013-2017 | 2018-2022 | 2023-2027 | 2028-2032 | Total capacity addition
yaropower Type of Plant
1,628 MW ’ -
48.4 %) (MW) (MW) (MW) (MW) (MW) %
Major Hydro 155 16 11 3.8%
Thermall,635 ]
B Hydropower
R NCRE 287 158 149 135 | 119%
B Renswables
T Coal 600 1700 1200 1200 4700 78.0%
hermal
(Gras Turbines 330 330 55%
Medium Diesel 44 4 0.7%
Enewables 99
MW i2.0%;) Total L4la 1934 L340 1335 6,025 100.00%

= As per the generation expansion plan, 4700 MW coal based plant will be the major source of
power for future;

= 231 MW hydropower potential will be exploited by 2022;
= 330 MW Gas based electricity generation will be commissioned before 2017;
= Investment in 720 MW of Non-conventional renewable energy is envisaged before 2032;

= Costly diesel power is least prioratized.
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@ m sron system circuit length - 2,436 km;
WL ransmission system 220 kV (501
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Monsoon
(May to
September

lmn QU  1100m

iaenergy.gov.in/docs/ISGF CBT%zODocudmntanon pdf

-
.

- = ( v |
Good-to-Excellent Wind Resource at 50 m North East
Monsoon
Wind Wind Wind Wind Land | Lagoon | Total Percent Total
Resource | Class | Powerat | Speedat | Area Area Area Windy | Capacity (December
Utiity 50mwWim® | 50m km® km® km* Land | Installed to
Scale m/s* MW
[ Good 4 400-500 | 7.0-75 | 2,341 564 | 3,005 36| 15000 February
Excellent 5 500-600 | 7.6-8.0 788 41 825 12 4150
Excellent 6 800-800 | 8.0-8.2 517 0 517 0.8 2,600
Excellent 7 > 800 >88 501 0 501 0.8 2.500
Total 4147 705 | 4852 64| 24250

Vind Pof tials by Klthsiri Darsanayaka PhD, Sri Lanka Sustainable
nergy Authority, Sri Lanka
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Summary of Power Market in South Asia

I"mjectecl Peak Demand and Generation ('nlmfih-' m South Asia

p ¢ Peak Peak Projected Peak Projected
resen . .
Country C e Shortage Demand Generation Demand Generation
eneration
(2012) 2020 2020 2030 2030
Afghanistan 500 MW 1,750 MW MA 3,000 MW MNA
EBangladesh 8537 MW 1,045 MW 17,500 MW (5%:) 22,500 MW 34,000 MW (5%) 30,000 MW
Ehut 11,514 MW 26,534 bW
— 1,484 MW NA 1,500 MW ,B14A 2,500 MW =341
[Generation) [Generation)
- — .
India i 323,000 MW 425,000 MW HZ000MW - o0g 000 MW (8%)
237 T3 MW 12,159 MW 8%
(8% (20220 (8% (2022) (3032 (2032)
Maldives 245 MW NA MA MA MA
Nepal 787 MW 2,204 MW MA 4614 MW MA
Pakistan 23,617 MW 5,500 MW 54,400 MW 712,720 MW 113,700 MW 162,590 MW
Sri Lanka 3,302 MW MNA 4000 MW 5206 MW 7,250 MW Q378 MW
Total 276,365 MW | 15,707 MW 404 354 MW 525516 MW 757,064 MW A58 065 MW

Compiled by the author using PSMP 1010 of Bangladesh; Integrated Energy Policy 2006 of India; NEA Annual Report 1014, Nepal; Energy

Security Action Plan 2005 of Pakistan etc.

Surplus Export of 10,000 MW from Bhutan would be 1.9% of combined South
Asian demand. Fiﬂ'{il.ﬁrl’_ﬁ,F Surplus export of 24,000 MW would be 2.5%;
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