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- Renewable Energy Data Explorer
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Renewableenergy
tools for South Asia

NNNNN



Sri Lank& India Cross
Border Electricity Trade

Operational Analysis of a DC tie

Brendan.McBennett@nrel.gov
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Objective

Analyze the
operational impact
of a DC tie betwee
Sri Lanka and Indie
In a future year

Generation 482 GW

capacity
Demand 230 GW peak

1000 MW HVDC

Main tool is a
production cost
model

U Time series
analysis of future
operations

Generation 7 GW
capacity

Demand 4.1 GW peak
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Build an For future yeatr,
operations model @ forecast load and
2F (2RI &M necessary capacit

system to meet load

Simulate power
system operations
In the future year

We used the PLEXOS production cost model
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Methods

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

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

A Detailed hydroelectric representation of Sri Lanka
A Wind and solar meet CEB 5~
2025 targets

Compare operations

between systems with and
without DC tie

*www.nrel.gov/indiagrid-integration
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Greening the Grid 1. Renewable Mix o
India Py

60 GW Solar - 100 GW Wind
20 GW Solar - 50 GW Wind
No New RE

2. Scheduling & Dispatch Area:
© State
Region
3. Coal Fleibilty: ©  FllRend
© Medium (55%) e

Low (70%)
Generation (MW)
Reglom National
RE Mix: 100 GW Solar - 60 GW Wind
Scheduling & Dispatch: State
Coal Flex: Medium (55%)

Compare Regions & Scenarios

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Year. 2022 Month:  Jul § Day: 14 Time: 00:00 §

https://maps.nrel.qgov/IndiaG TG
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https://maps.nrel.gov/IndiaGTG/

4.5 TWhof energy flows toward Sri Lanka,

resulting in a 50% reduction in production co
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toward Sri Lanka, but
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Sri Lankan gas generation fall$®,Avhile coal and

RE Increase In India

Indian regions

e
o
o
o

o
1

-2000 1

Generation Difference (GWh)

-4000 1

Sri Lanka SR WR NR ER

|:| Other . Dendro - Sub-coal . Hydro-pumped |:| Solar-PV
. Fuel oil . Gas CT - Super-coal D Hydro . Wind
|:| Diesel . Gas CC . Nuclear . Hydro-mini

India increases both coal and renewable generation




Generation (GW)

Generation (GW)

Sri Lanka operates its coal fleet more efficientl

Example Day

Sri Lanka T no DC Sri Lanka 1 DC

N - ~~

/ ~v

/

04 AM 12 PM 08 PM 04 AM 12 PM 08 PM

Tamil Nadu 7 no DC Tamil Nadu 7 DC

04 AM 12 PM 08 PM 04 AM 12 PM 08 PM

= Load . Curtailment. Gas CC . Nuclear Solar-PV
Diesel . Sub-coal . Hydro-pumped . Wind

. Gas CT . Super-coal Hydro
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Curtailment of RE In India Is reduced by 16% B\@)

Example Day

Sri Lanka T no DC Sri Lanka 1 DC
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Generation (GW)
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Generation (GW)
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ydro and pumped storage helps to meet peal
generation in Sri Lanka, which has shifted to eve

because of daytime import
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Results

A The DC tie is congested 82%of the year, implying that
transfer capacity beyond 1000 MW could provide
additional economidenefits

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

Hydro Sensitivitiedow andhigh hydro year for Sri Lanke

A Comparedo a medium hydro year, total production
cost savings from crossrder trade are 12% higher Iin
a dry year and 9% lower in a wet year



Key Takeaways

A $266 millionannual savings with DC tie
A 97%reduction in Sri Lankan gas generation
A 816 GWINBE RdzO U A 2 y curtgilmdnty RA | Q:

A There may be thermal fleet efficiency
Improvements not fully captured
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Nepalc India

Market Conditions Affecting Cro8®order Trade

David.Hurlbut@nrel.gov



Current Nepalndia interconnection points
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Dhalkebarto Muzzafarpuins a 400 kV
connection operating at 138 kV. Upgrade
would not require additional righof-way

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

132 kMlowgateb et ween Nepal 8s
western, eastern networks
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Northern Load Dispatch Center Region Eastern Load Dispatch Center Region
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Contrasts between

WESEIHREET EasternTarai

10% of energy sales Onetlowgate 90% of energy sales

Nepal - : connecting - :
<10 0
1% of generating capacity cast Tl west 99% of generating capacity
Uttar Pradesh Bihar
345TWhannualenergy served g9 Twhannually 134 TWhannual energy served
India Energy importer to Uttar Pradesh Energy exporter
Mixed generation with connectiol  from Bihar Primarily coal, some hydro

to Rajasthan RE

Price duration curves for day-ahead energy (Indian Energy Exchange)
US$/MWh

$200
—Uttar Pradesh
Bihar
$100
—
$-

All hours, April 13, 2016 to April 12, 2017
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Further Evaluation with Productidtbst Modeling

Questions to be further explored:

AWhich CBET points along the IAdepalese border have the
best economic potential for additional flows, and how much
would the flows tend to be?

AWhich corridor (Easterfaraior the WesterriTara) exhibits
the most line congestion?

ADo peaking rusof-river resources provide enough flexibility to
manage evening ramping requirements?

Als there any apparent seasonality to the above questions?
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Further investigation with production cost modeling

A Market liberalization scenario

o How would CBET flows and LMPs change if existing
tariffs were replaced with liberalized trading at market
prices?

A Renewable 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
LYRAIFIQa O2ad 2F Ay iOS3INI
and solar?
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Further investigation with production cost modeling

A Bangladesibulk 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 Bengdal
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Renewable Energy Tools for
South Asia

Geospatial Data Analysis



Real-World Features

Geospatial Critical & @ Urbon Bovelopmen

* Vegetation

Questions in RE Y Hyareiy

* Energy Resources

D eve I O p m e nt | * Transportation Networks

* Transmission Infrastructure
*Virtually anything
located on the earth!

A Optimal Resource?
A Optimal Transmission? —
A Barriers to Development? GGl st ayers”

* Digital representations

A Renewable GOaIS? of the real world ;
Other relevant <

A Economic sl o
Competitiveness?

Spatial Data Infrastructure

* Geodatabases for organization,
storage and retrieval

* Software for analysis and
visualization

Geospatial Analysis & Mapping

* User-performed analysis and mapping




Renewable Energy Data Explorer.(HBD

A Innovative webbased toolkit for renewable energy
decisionmaking

A Wraps complex spatial analysis in etsyise interface
targeted at nonspecialists

A Platform for distributing data and metadata

re-explorer.org

The development of this tool has been supported primarily
by USAID
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http://www.re-explorer.org/
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Supporting Policymaking

Resource Technical Economic Market
Potential Potential Potential Potential

* Policy implementation
and impacts

* Regulatory limits
* Investor response

performance
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Evaluating Renewable Targets

~11 million MW
of utility scale
solar potential in
the state of
Maharashtra

Example target is
7,000 MW by
2022
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