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Objective

Analyze the 
operational impact 
of a DC tie between 
Sri Lanka and India 
in a future year

Generation 
capacity

482 GW

Demand 230 GW peak

1000 MW HVDC

Generation
capacity

7 GW

Demand 4.1 GW peak

Main tool is a 
production cost 
model
üTime series 

analysis of future 
operations
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Methodology Overview

Build an 
operations model 
ƻŦ ǘƻŘŀȅΩǎ ǇƻǿŜǊ 

system

For future year, 
forecast load and 

necessary capacity 
to meet load

Simulate power 
system operations 
in the future year

We used the PLEXOS production cost model
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Methods

ÅThis study builds on a model that was built of India for the 
Greening the Grid study*

ÅThe Sri Lanka model was built and validated in close 
collaboration with CEB

ÅDetailed hydroelectric representation of Sri Lanka

ÅWind and solar meet CEB 

2025 targets

*www.nrel.gov/india-grid-integration

Compare operations 
between systems with and 
without DC tie
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LƴŘƛŀΩǎ tƻǿŜǊ {ȅǎǘŜƳ ƛƴ нлннτAchieving 
System Balance Every 15 Minutes

7
https://maps.nrel.gov/IndiaGTG/

https://maps.nrel.gov/IndiaGTG/


NREL    |    8

4.5 TWhof energy flows toward Sri Lanka, 
resulting in a 50% reduction in production costs

Positive indicates flow toward Sri Lanka, negative toward India

Most energy flows 
toward Sri Lanka, but 
during evenings in high 
hydro months Sri Lanka 
exports to India



Sri Lankan gas generation falls 97%, while coal and 
RE increase in India

9

India increases both coal and renewable generation

Indian regions



Sri Lanka operates its coal fleet more efficiently
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Sri Lanka ïno DC Sri Lanka ïDC

Tamil Nadu ïno DC Tamil Nadu ïDC

Example Day



Curtailment of RE in India is reduced by 16% (816 GWh)

11

Sri Lanka ïno DC Sri Lanka ïDC

Tamil Nadu ïno DC Tamil Nadu ïDC

Example Day
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Hydro and pumped storage helps to meet peak 
generation in Sri Lanka, which has shifted to evening 

because of daytime import 
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Results

ÅThe DC tie is congested for 32% of the year, implying that 
transfer capacity beyond 1000 MW could provide 
additional economic benefits

ÅStart costs go down by 4%, driven primarily by less 
expensive gas generators starting in Sri Lanka

ÅCompared to a medium hydro year, total production 
cost savings from cross-border trade are 12% higher in 
a dry year and 9% lower in a wet year

Hydro Sensitivities (low and high hydro year for Sri Lanka)



Key Takeaways

Å$266 millionannual savings with DC tie

Å97%reduction in Sri Lankan gas generation

Å816 GWh ǊŜŘǳŎǘƛƻƴ ƛƴ LƴŘƛŀΩǎ w9 curtailment

ÅThere may be thermal fleet efficiency 
improvements not fully captured
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Nepal ςIndia

Market Conditions Affecting Cross-Border Trade

David.Hurlbut@nrel.gov
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Current Nepal-India interconnection points

Dhalkebarto Muzzafarpuris a 400 kV 
connection operating at 138 kV. Upgrade 
would not require additional right-of-way

Butwalto Gorakhpur is a planned 400 kV 
connection.
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Two distinct CBET areas 

Å

Butwal

Kathmandu

Northern Load Dispatch Center Region Eastern Load Dispatch Center Region

Å

Gorakhpur

132 kV flowgatebetween Nepalõs 

western, eastern networks
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Contrasts between CBET areas

Western Tarai Eastern Tarai

Nepal
10% of energy sales

<1% of generating capacity
90% of energy sales

99% of generating capacity

India

Uttar Pradesh

345 TWhannualenergy served
Energy importer

Mixed generation with connection 
to Rajasthan RE

Bihar

134 TWhannual energy served
Energy exporter

Primarily coal, some hydro

 $-

 $100

 $200

US$/MWh

All hours, April 13, 2016 to April 12, 2017

Price duration curves for day-ahead energy (Indian Energy Exchange)

Uttar Pradesh

Bihar

One flowgate
connecting

east and west

20 TWhannually
to Uttar Pradesh

from Bihar
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Current issue affecting 
CBET: load shedding

Å Insufficient domestic supply, 
partly met by importing 
electricity from Bihar

Å Impact on CBET value
ïbŜǇŀƭΩǎ ƛƳǇƭƛŎƛǘ ǾŀƭǳŜ ƻŦ ƭƻǎǘ 

load (VOLL) is higher than 
tariff rates governing 
purchases from India

ïAbove-market prices are 
therefore economically 
rational, for now

Å Without load shedding, market 
pricesτnot VOLLτdetermine 
CBET value (and direction)
ïAmount of power 

purchased from India will 
likely fall



NREL    |    22

Further Evaluation with Production Cost Modeling

Questions to be further explored:

ÅWhich CBET points along the Indo-Nepalese border have the 
best economic potential for additional flows, and how much 
would the flows tend to be?

ÅWhich corridor (Eastern Taraior the Western Tarai) exhibits 
the most line congestion?

ÅDo peaking run-of-river resources provide enough flexibility to 
manage evening ramping requirements?

ÅIs there any apparent seasonality to the above questions?
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ÅMarket liberalization scenario
o How would CBET flows and LMPs change if existing 

tariffs were replaced with liberalized trading at market 
prices?

ÅRenewable energy integration scenario
o Will higher penetrations of wind and solar in India 

affect the value of CBET flows between Nepal and 
India?

o Will market liberalization have a measurable effect on 
LƴŘƛŀΩǎ Ŏƻǎǘ ƻŦ ƛƴǘŜƎǊŀǘƛƴƎ ƘƛƎƘŜǊ ǇŜƴŜǘǊŀǘƛƻƴǎ ƻŦ ǿƛƴŘ 
and solar?

Further investigation with production cost modeling
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ÅBangladesh bulk purchase scenario 

o If Bangladesh were to take 1 GW of hydropower from 
Nepal (by way of an expanded DC tie with West 
Bengal), how would power tend to flow from Nepal to 
West Bengal?

Further investigation with production cost modeling



Renewable Energy Tools for 
South Asia

Geospatial Data Analysis



26

Geospatial Critical 
Questions in RE 
Development

ÅOptimal Resource?

ÅOptimal Transmission?

ÅBarriers to Development?

ÅRenewable Goals?

ÅEconomic 
Competitiveness?
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ÅInnovative web-based toolkit for renewable energy 
decision-making

ÅWraps complex spatial analysis in easy-to-use interface 
targeted at non-specialists

ÅPlatform for distributing data and metadata

re-explorer.org

The development of this tool has been supported primarily 
by USAID

Renewable Energy Data Explorer (RED-E)

http://www.re-explorer.org/
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Supporting Policymaking
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~11 million MW
of utility scale 
solar potential in 
the state of 
Maharashtra

Example target is 
7,000 MW by 
2022

Evaluating Renewable Targets


