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3. Economic Benefits of  a Grid-connected ESS2,3,6

�‡ Comprehensive investment planning framework is 
developed

�9 Cost benefit analysis is provided�³ payback 
period, return on investment, net present value 
calculated

�9 Degradation cost model developed for Li-ion 
battery ESS and integrated into the investment 
planning framework

�‡ Techno-economic framework for ESS providing inertial 
support in wind-integrated systems

�9 Minimizes daily operating cost while satisfying 
frequency security constraint

�9 Participates in market services to generate 
revenue
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ProjectObjectives
�‡Modeling ESS for enhancing stability and

reliability of  the power grid in presence of  
variable energy resources

�‡Evaluating the economic benefits of  a grid-
connected ESS

�‡Developing and integrating degradation 
modelsof  ESS in the economic evaluation 
framework
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1. Sizing of  Energy Storage for Grid Frequency Stability1

�‡ Renewable energy resources (RERs) possess little 
rotational kinetic energy�³ this is a challenge for 
grid frequency stability 

�‡ ESS can compensate with virtual inertia
�‡ Analytical approach�³ sizing ESS for virtual inertia 

support
�‡ Estimation of  expected inertia of  system 

considering generator outages and replacement of  
conventional generation with RER

�‡ Probability of  synchronization of conventional 
units considered 

�‡ Maximum frequency deviation limit used to 
determine minimum inertia required by system

Table. ESS sizes for a load disturbance of  0.1 p.u. (IEEE 39-
bus Test System).
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Case
Freq. Dev. 
Limit (Hz)

Min. Inertia
(s)

Expected
Inertia (s)

�| �ó����
(MW)

No RER

0.09

619 582 62

8% wind
penetration

659 568 152

20% wind
penetration

728 560 280

Fig. Probability distribution of  system inertia for test system

2. Enhancing System Reliability using ESS & Wind Aggregation7

�‡ Wind power generation variable in nature �³ leads to 
reliability issues

�‡ Joint deployment of  ESS and wind aggregation 
proposed to improve reliability at lower cost

�‡ Wind aggregation leads to lower ESS requirement but 
also congestion at A, B, C, D �³ transmission capacity 
increased at these lines

�‡ Proposed strategy shown to be more economical than 
using ESS alone
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Cost-effective solutions

B

B, C

A, C, D

Congestion

C D
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A

Case
Value Recovered

(mil. $)

No wind 19.4 (29%)

8% wind 38.0 (27%)

20% wind 44.5 (20%)
Table. Investment cost recovery by participating 

in electricity market

Fig. ESS operation for example day
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