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Partners 
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• Objectives 
o How does the India power system operate with high 

penetrations of renewable energy? 

• Methods 
o  Capturing state level details 

• Results and conclusions 

 

 
Source: Forthcoming volume 2 of Greening the Grid RE 
integration studies 

Outline 
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• Production cost model (PCM) used to simulate the 
chronological, least-cost operation of the regional power grid 
(i.e. security constrained unit commitment and economic 
dispatch model) 

• Model selects the least-cost mix of generators needed to meet 
annual hourly load while maintaining reliability requirements. 

 

Production Cost Model Approach 

Outputs  
o Total cost to meet load (fuel, 

VO&M, emissions, and start-ups) 

o Locational price of generation 

o Transmission usage/congestion 
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Methodology Overview 

Build an 
operations model 
of today’s power 

system 

For future year, 
forecast load and 

necessary capacity 
to meet load 

Simulate power 
system operations 
in the future year 

Greening the Grid uses the PLEXOS production cost 
model 



Data Intensive! 

Modeling features: 
• High-resolution wind and solar 

resource data (both forecasts and 
actuals) 
o Wind: 5-minute weather profiles for each 3 

x 3 km2 area 

o Solar: 1-hour weather profiles for each 10 x 
10 km2 area, including impact of aerosols 

• Unique properties for each generator 

• DC power flow 

• Projections of properties and locations 
of new lines and power plants for 2022 

• Interregional transmission limits that 
adhere to reliability standards 
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Modeling India at High Transmission Resolution 

• Full, planned/known 
transmission system in 
Southern and Western 
regions plus Rajasthan 
(3,280 nodes) 
 

• Loading limits enforced on 
all relevant and high-volume 
intrastate lines (>400 
kilovolts) 
 

• Interstate Tx limits enforced 

The majority of RE will be installed in certain regions of India. 
 

Challenge: Include impacts of RE to all of India while focusing 
analysis on areas of high RE penetrations.  



Results 
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Why does 
curtailment 
happen within 
a state? 

 

Causes of curtailment: 
 

• Thermal and hydro inflexibility 
• Start and stop cost 
• Transmission congestion 
• Trade barriers 
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Why does 
curtailment 
happen within 
a state? 

Thermal fleet 
fully backed 
down 

Thermal fleet 
has flexibility 

Frequent 
congestion 

Rarely 
congested 

Very frequent 
congestion 

Frequent 
congestion 

Access to flexibility from all resources should be considered 
when analyzing RE integration 
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Coordination Can Help Integration 

Tamil Nadu dispatch for a day in March 
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SCENARIO SR 
ANDHRA 
PRADESH KARNATAKA KERALA TAMIL 

NADU TELANGANA 

State 
Dispatch 1660 1150 1150 393 1560 1660 

EIM 1650 1160 1140 374 1550 1650 

Regional 
Coordination 1520 1250 1050 305 1470 1520 

  

Average Marginal Variable Cost (INR/MW) of Generation 

Relatively low cost coal in AP causes increased generation 
which is being utilized around the region 

Relative Marginal Costs Affect Coordination 
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• Where is the RE going to be located? 

• How will intrastate transmission develop in response to new 
RE? 

• How close will future operations reflect optimal dispatch? 

• How well will neighboring states coordinate? 

• How will load shape change over time? 

Results are sensitive to assumptions 

This study is a first cut at answering questions about RE 
integration at the state level and is meant to be revised 
over time as we gain more confidence in the assumptions. 
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• Coal plays a significant role as a flexible resource. 

• Transmission constraints can limit the role of coal 
flexibility in relieving RE curtailment. 

• Modeling with a high level of detail allows for 
insightful state-level analysis, even given the 
unknowns 

• Conclusions need to be scaled to inputs 

 

 

Conclusions 



Contact: 
david.palchak@nrel.gov 

www.nrel.gov/india-grid-integration 
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