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Abstract

The aim of trading at cross-border for the electricity trading has been introduced in order to enhance the competition so as a result
of that transparency in market in consideration with all social and economic aspects. Actually, with this problem there are also
some technical problems such as: security and stability of the interconnected cross border system. But in South Asia, there is
deficiency of generation and availability of natural resources are more. Therefore, with the help of this article on the behalf of
some preliminary studies a detailed possible interconnection for social as well as economic growth in South Asia has been carried.
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I. INTRODUCTION

The cross border countries of India have abundant energy resources, has an unequal geographical distribution of energy resources
for the generation of electricity. The supply of electricity for commercial and residential consumers has been feed from different
energy fuel in each nation as per the availability & viability of source although, each nation has distinguished demand curve [1,
2].

The exchange of electricity across the South Asian Region will promote economic as well as social growth and improve the
quality of life for all the nations and shall balance the diversity of primary energy sources. It also reduces seasonal patterns supply
and demand curve differences. A regulatory framework is required to accelerate the development of the cross-border trade of
electricity. Therefore in 2014, South Asian Association for Regional Cooperation (SAARC) countries envisaging the need for
cross-border electricity cooperation signed the SAARC Framework Agreement for Energy Cooperation (electricity) and
recognizing the importance of electricity in promoting economic growth and improving the quality of life in the region. The cross
border trade of electricity also complements the electricity demand and resource endowments among the neighbouring and SAARC
countries [1, 7]. In order to meet the growing demand of electricity, the South Asian countries are adapting competitive electricity
markets. The installed name plate generation capacity is increasing; but, its shortage still persists & sometimes very high difference
in it. The non-availability of electricity supply has great impact on the economic development and that results to the Gross Domestic
Product (GDP) growth rate of South Asian Countries. One of the important features of the cross border electricity trading is that
the region itself has sufficient energy resources to meet its growing demand of electricity in future but the region should be fully
developed to utilise the resources.

A shown in Table 1, Nepal and Bhutan have much more larger hydropower potential as compare to others and their demand is
low so, they have surplus energy to export. If their demand is increased at any seasonal instant then they can import. In the region,
the generation as well as the demand capacity of India is highest followed by Pakistan, Bangladesh and Sri Lanka. Even if India
utilizes its full energy potential, then it will still unable to meet is high growing demand. Therefore, need of cross border electricity
trade for India within the region is much more.

Table -1
Electricity Reserves of Member Countries
. . Generation
Installed Generation Capacity (MW) | Peak Demand (MW) (GWh) Demand (GWh)

Bangladesh 9821 9268 42195 36233

Bhutan 1510 282 6750 1640
India 237742 129815 957734 802567

Nepal 787 1200 3558 3448
Pakistan 22860 23953 92860 76860
Sri Lanka 3362 2164 11962 10632
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Il. OBJECTIVE, PRESENT AND FUTURE SCENARIO

. Objective:

The objective of the paper is:

— To promote electricity trade/exchange in the region with an aim to meet growing demand.

— Promote creation of cross border electricity infrastructure and attract investments in electricity sector within and the region.
—  For the economic as well as social growth of region.

— Maximum Utilization of energy assets.

£ Present Scenario:

Nepal, Pakistan, India and Bhutan have hgh potential of hydro electrical energy resource of approximately 83000 MW, 21000
MW, 84000 MW and 21000 MW respectively [7]. Beside this, Myanmar and Bangladesh have energy potential on the basis of gas
reserves. Presently, India trades electricity through the bilateral contracts from Bhutan. However, the generating capacity of Bhutan
is relatively small and most of the part exported to India.

There are quite revealing variations in the installed capacities of power utilities in South Asia. These variations reflect the
potential of their natural assets. Hydro power has been the most vital source of total installed capacity in Bhutan (100 %), Nepal
(90 %) and Sri Lanka (65 %) whereas the thermal power dominates in Bangladesh (95 % gas based), India (72 % mainly steam
based) and Pakistan (71 %). In the composition of end use sectors, the share of industry has been over 37 percent in South Asia
except Pakistan & Myanmar [4].

1) India-Bhutan Cross Border Scenario:

The power generating capacity of Bhutan is relatively small compared to the neighboring countries [7]. Therefore, Bhutan is
expanding its transmission system to support an increase in power exports. In Bhutan, ownership and operation of the transmission
grid, as well as, generation and distribution are the responsibility of the Department of Power in the Ministry of Trade and Industry.
At this stage, there is requirement of private sector participation for electricity generation prospective. Presently, India has bilateral
contract of power with Bhutan to meet the high Indian power demand.

Bhutan’s national transmission system is at an early stage of development. The country presently does not have a contiguous
national grid interconnecting the load centers of the country. However, the central and the eastern regions of the country are
interconnected with tie lines, while the western part of the country remains essentially separated from the rest of the country. The
transmission system of Bhutan is dominated by 132 KV and 66 KV lines connecting the major power stations. The majority of
the smaller power stations are connected by 33 KV lines. Presently three transmission lines supply power to India bilaterally [4,
7].

: Table—2
India-Bhutan Cross Border Scenario

S No. | Name of Power Plant | Installed Capacity | Interconnected Link | Voltage Level
1. Tala Power Plant 1020 MW Siliguri-Tala 400 KV
2. Chukha 336 MW Birpara —Chukha 220 KV
3. Kuruchhu 60 MW Salakati- Kuruchhu 132 KV

> Future Scenario:

This paper presents the outcome of a deep study that has been undertaken to assess the economic benefits of six major near-term
interconnection projects in the South Asia region. The empirical findings of this study provide quantitative estimate of benefits for
the interconnectors for the first time and can have major implications for policy development in the South Asian energy sector.

1) India-Bangladesh Cross Border Scenario:

The power generating capacity of Bangladesh is relatively small compared to the neighboring country like India. Presently, there
is no power exchange between Bangladesh and India. Bangladesh is surrounded by the Eastern region of India on the Western
side and by the North-eastern region of India on the Eastern side and is in close proximity to Nepal on the Northwest side.

As per SARI/Energy, it has been determined that there are multiple options for connecting the power grids of both nations. The
possibility of interconnections at multiple points in the east, west and north of Bangladesh with substations located in Tripura,
Mizoram, West Bengal, Assam and Meghalaya in India. These interconnections would have various positive impacts on overall
tariff, including reduction in transmission & distribution (T&D) losses, improving the reliability and stability of supply. The
existing grid substations in the vicinity of the India Bangladesh border with possibility of interconnection for the growth and
development on both sides have been identified in the given table 3:

Table—3
India-Bangladesh Cross Border Scenario

S.No Sub-Station Sub-Station Indian Border State/Bangladesh | Distance & Voltage Interconn- ections
T (Bangladesh) (India) Region Level Cost(US$ Million)

. . (50 kms) at 220KV 1.32

Ashuganj Agartala Tripura- Eastern Bangladesh at 132KV 519

. West Bengal- (100 kms)
Ishurdi Gokarna Western Bangladesh at 220KV 4.39
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Sreemongal Kumarghat Easte:nriggrzgiadesh a(t5 SSKZmIR/ 1.32
N B kv
at 220KV 3.16

Thakurgaon Jaspill?gi]%l:iri/ Assam-Northern Bangladesh éts(i;?;\)/ 211
Ishurdi Krishnanagar _Westviﬁt BBSESIZI desh ggzk(r)n;\)/ 3.95
Chattak Cherrapunji -North'\t/elggths;}gadesh astsgila(zmlj\)/ 1.32

As per SARI report, there are three technically viable options for the interconnection that would provide for multilateral power
exchange includes locating the interconnection in India at either the Siliguri (West Bengal) or Purnea (Bihar) substations without
using the land in the constrained “chicken-neck” region of north-eastern India [4].

71 India-Pakistan Cross Border Scenario:

This interconnection will provides an assessment of the economic and social benefits of cross-border power trade between India
and Pakistan. It also analyses the power sector reforms initiatives of both countries as these directly affect the power sector’s
viability. Despite, Pakistan has large hydropower potential and coal reserves therefore both countries should take initiative to
import hydrocarbon fuels. Petroleum products and other forms of hydrocarbons constitute 10-15% of their total imports in
monetary terms, and sharp fluctuations in international oil prices severely impact their economies. Power shortages affect their
industrial and agriculture production and adversely impact employment. The result is a lower than normal Human Development
Index (HDI) and a higher level of poverty. Availability of quality power at an affordable price, through cross-border power trading,
would address a number of these critical problems. On the basis of their economies size & growth, benefits have been assessed for
Pakistan as a whole and for those parts of India that are likely to reap the benefits of cross-border power trade (essentially, the
states close to the India-Pakistan border). It is stated that each country will construct and maintain a double circuit twin- bundled
220 KV transmission from the designated substations viz., Dinanath in Pakistan and Patti in India here is a proposal of laying a 50
km high voltage double circuit (HVDC) transmission line to evacuate power from the Dinnath sub-station near Lahore to the Patti
sub-station in Indian Punjab [8].

Table—4
India-Pakistan Cross Border Scenario
S.No Sub-Station Sub-Station Indian Border State/Bangladesh Distance & Voltage Interconnection Cost(US$
T (Pakistan) (India) Region Level Million
1 Dhinanath Patti Punjab(India)- Lahore(Pak.) (50 kms) 220KV | e

7 India-Sri Lanka Cross Border Scenario:
In order to assess the possibilities of India and Sri Lanka transmission systems interconnection. The objective of such a transmission
interconnection would be to facilitate bilateral power exchange between both countries. This interconnection could provide
significant benefits to the economies of the two countries through closer cooperation on power exchange, enhanced system
reliability, improved security and diversity of supply, increased economic efficiency in system operation, reduced environmental
impacts, and lower costs to consumers. Some interconnections could also help to attract private sector investment to the power
sector [9] as shown in table 5.

Table -5
India-Sri Lanka Cross Border Scenario
S No Sub-Station (Sri Sub-Stgtion Indian Border S_tate/Sri Distance & Voltage Level Interconnec_—ti_on Cost
T Lanka) (India) Lanka Region (US$ Million)
_ Tamilnadu — 350 km Overhead{ 30 km Under-
Anuradhapura Madaurai Anuradhapura Sea Submarine Cable $133
400 KV DC
. 200 km Overhead/ 100 km Under-
Puttalam Madaurai Tamilnadu - Puttalam Sea Submarine Cable $156
400 KV DC
. 215 km Under-Sea
Puttalam Tuticorin Tamilnadu - Puttalam Submarine Cable $175
DC

41 India-Myanmar Cross Border Scenario:

This study provides an assessment of the economic and social benefits of cross-border power trade between India and Myanmar.
It also analyses the power sector reform initiatives of both countries as these directly affect the power sector’s viability. The power
generating capacity of Myanmar is relatively small as compared to that of India but, the Myanmar has very high hydro potential
more than India of approximately 100000 MW. So, by the power trading interconnection between both countries can meet the
demand and supply. The possible interconnection as shown in table 6 and many other interconnections in future will help to attract
private sector investment to the power sector.
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Table -6
India-Myanmar Cross Border Scenario
Sub-Station Sub-Station Indian Border State/Myanmar Distance & Voltage Interconnection Cost(US$
S.No. - . .
(Myanmar) (India) Region Level Million)
. . . . 400-450 kms
1. Tamanthi Bishwanath Bishwanath- Tamanthi 500 KV $550

FJ India-Nepal Cross Border Scenario:

The hydro potential of Nepal is approximately 83000 MW. Nepal generation, transmission, and distribution have been operated
by Nepal Electricity Authority (NEA). NEA is responsible for the planning and development of the transmission system. There is
no private sector participation in the main grid. The transmission system in Nepal is dominated by an east-west 132 KV grid
running from the Anarmani substation in the east to the Mahendranagar substation in the west. All major hydroelectric and thermal
power stations are connected to this grid. Except for two sections, the entire east-west grid in made up of double circuit towers,
which are currently strung with conductors on one circuit only. One of the exceptions is the Bardghat-Bharatpur-Hetauda section,
and the other is the Duhabi-Anarmani section. These two sections are of single circuit construction. Two major substations in the
eastern part of the country on the 132 KV grid are Duhabi & Anarmani and Anarmani substation is closer to the Siliguri substation,
about 50 km, while the Duhabi substation is closer to the Purnea substation, about 95 km. About 460 circuit km of transmission
lines are under construction to link the four hydroelectric plants currently being built. These lines include the 150 circuit km
HetaudaBardghat 220 KV line and the 174 circuit km Hetauda-Dhalkebar and the Butwal-Bardghat 132 KV lines [1, 4].

Table -7
India-Nepal Cross Border Scenario
S. Sub-Station Sub-Station Indian Border State/Nepal Distance & Voltage Interconnection Cost(US$
No. (Nepal) (India) Region Level Million)
Duhabi Purnea Bihar-Purnea Bkms |
220 KV
. S - 50 kms
2. Anarmani Siliguri West Bengal- Anarmani 2Ky | 00 T
. S . 115kms
3. Duhabi Siliguri West Bengal- Duhabi 20Ky 10 T

Indian Cross Border Neighbor Country-Energy Resources
— India — Dominated by coal

— Bangladesh - Dominated by natural gas

— Bhutan — High dependence on hydro

— Nepal — High dependence on hydro

— Pakistan — Largely petroleum and natural gas

—  Sri Lanka — Dependence on petroleum

—  Myanmar - Dependence on petroleum

Indian Cross Border Neighbor Country Hydro Potential
— India - 84000 MW

—  Nepal — 83000 MW

— Pakistan — 21000 MW

— Bhutan - 21000 MW

—  Sri Lanka — 2000 MW

—  Myanmar — 100000 MW

I11. TRADE THROUGH INDIAN POWER EXCHANGES

The participating nation has full fill all the relevant regulations made by CERC India, and then participant shall be eligible for
cross border trade of electricity through Indian Power Exchanges. The electricity can be traded under the categories of Term Ahead
Contracts, Intra Day Contracts/ Contingency Contracts as defined in the Power Market Regulations of CERC. Further, the quantum
of electricity that can be traded under cross border trade for electricity in Indian Power Exchanges shall be prescribed from time
to time by the Designated Authority.

IV. TRANSMISSION SYSTEM, SCHEDULING & ACCOUNTING

In India, Central Transmission Utility (CTU) has to be developed for taking care of transmission across cross border trade. The
transmission interconnection between India and its neighbouring country shall be planned jointly by transmission planning
agencies of all countries with approval of the respective Governments. . The problem of transmission congestion management and
pricing has been identified as one of the critical and important tasks for the system operator (SO) for the smooth functioning of
competitive electricity markets. For transmission planning and coordination each country has required a Transmission System
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Operator (TSO). On the basis of electricity requirement with consideration of future transmission interconnection would be
planned. The generation planning outside country in not an easy task to perform so, each country grid should ensure the proper
scheduling, operation and generation control for maintain the secure operation of system. However, the associated transmission
system in India shall be planned by CEA and Central Transmission Utility (CTU) with approval of Ministry of Power. The cross
border transmission lines may be constructed between the load dispatch centres of one country to other country load dispatch centre
for safe, controlled and secure operations of international grid [3, 10, 11].

V. CONCLUSION

The paper limelight the enormous energy resources for electricity generation in South Asian region and try to create an option to
make an interconnected power system. In the context, particularly exploit the availability hydropower potential exists in Nepal and
Bhutan, Myanmar India which clearly justifies the interconnections of these countries with India. The extended analysis also
demonstrated the power trading prospects from other countries like: Pakistan, Sri Lanka and Bangladesh to India with the
possibility of the surplus power generation transmission in the entire region in future. The benefits of trading would be accrued by
all participant countries involved in this interconnected power system for accessing clean and pollution free electricity generation
for the promotion of economical as well as social growth.
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