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Energy Storage Overview 
Technologies & Applications 



Outline  

ÅIntroduction 

ÅOverview of key applications 
ïRenewable Integration 
ïAncillary Services 
ïMicrogrids 
ïElectric Transportation 

ÅOverview of key energy storage technologies 
ïPumped Hydro, CAES 
ïElectrochemical batteries 
ïCapacitors & Flywheels 
ïFuel Cells 

 



Role of Energy Storage  

in 21st century Grid  

Energy storage could play a key enabling role in every aspect of modern grid 

including Generation, Transmission, Distribution and at Customer Premise 

(including electric vehicles) 



Energy Storage Applications  

Generation  

ÅEnergy Arbitrage 

ÅAncillary Services 

ïFrequency Regulation 

ïSpinning Reserves 

ïSupplemental Reserves 

ï*NEW* Ramping 

ÅCapacity 

ïPeak Energy 

ï*NEW* Flexibility 

ÅReliability  

ïVoltage Support/Reactive 
Power 

ïBlack Start 

ïFrequency Response 

Transmission & 
Distribution 

ÅUpgrade deferral 

ï Reduce circuit and line 
overload 

ÅGrid resiliency 

ï Outage mitigation 

ï Back-up power 

ÅVoltage support/power 
quality 

ÅCongestion relief 

End-users 

ÅReduce Demand Charges 

ÅOptimize Retail Rates  

ÅPower Quality/UPS 

ÅOnsite renewables 

Wholesale Markets focused on 

ñGenerationò Applications and Demand 

Response , Utilities focused on ñT&Dò 



Challenges in integration of renewables  
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Source: Dr. Michael Milligan  NREL / AWEA  : Dr. Jay Apt, CMU 



Need for storage for solar integration  
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Energy Storage Applications  



Renewable scheduling with  

Advanced Wind F orecasting and Energy Storage  

Source:Ecoult 



Combined buying 
power when dealing 

with OEMs 

Affordable electricity 
for end consumer    

Linking electricity to 
economic development 

of region 

Better Channelizing 
of Funds 

Data analytics for better 
energy management and 

system modelling  

Reporting services for 
funding agencies and 
microgrid developers 

Scaling up of 
Operations 

Product innovation for 
Bottom of Pyramid 

Microgrids for energy access  

MICRO 

(Microgrid Initiative for 

Campus & Rural 

Opportunities) 



Smart Townships and Cities  
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Å Indian Government is working on 

developing 100 Smart Cities. 

Å 20 smart cities are already identified for 

initial funding 

Å In addition over 300 Ultra Modern 

Townships with 5 ï 50 MW of  peak demand 

could drive need for storage in India. 


