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About Vivian Sultan, PhD

Professor of Information Systems and Business Management at California State
University (CSULA). Dr. Sultan holds a PhD in Information Systems and Technology
from Claremont Graduate University. She is a certified professional in supply
management with experience in account product management, operations, and
automated system projects development.

Prior to her current role at CSULA, Dr. Sultan served as a Senior Analyst at Southern California Edison, an Account
Product Manager at the Walt Disney Studios. Her publications and research focus on energy informatics and the
digital transformation within supply chains.

Currently, Sultan is working on renewable energy supply and smart grid development. She will be giving a
presentation titled: A Taxonomy for Smart Grid Benefits from Energy Storage. The intent of this work is to aid in
battery storage location choices and provide actionable information for utilities and other stakeholders who are
concerned about the grid reliability.



Agenda

1. Energy Informatics introduction
2. Grid Reliability and Power Quality

▪ Load Following
▪ Peak Shaving
▪ Voltage Regulation & Droop Control
▪ Spinning Reserve

3. Improving Transmission and Distribution
▪ Islanding
▪ Reduction Of Transmission Losses
▪ Soothing Transmission Congestion

4. Facilitating Renewable and Intermittent Generation
▪ Meeting renewable portfolio standards
▪ Lowering carbon footprint

5. Enabling the Smart Grid
▪ Integration Of intermittent DERs
▪ Technology for faster grid responses

6. Conclusion



Energy Informatics Research Framework (Sultan et al. 2018) 



Four Classes Of Grid Benefits From 

Battery Storage (Sultan 2021)



Smart Grid Reliability

Smart Grid: a new class of technology to bring the electricity delivery system into 
the 21st century - Network technologies are the backbone of this system 

✓ Must be adaptable, strong and responsive 
✓ $338–$476 billion in the next twenty years to incorporate in DERs, 

intelligence technologies, advanced systems, and applications
✓ Tools for optimizing grid operations and to forecast future problems are 

crucial within the modern grid design
Reliability:  the degree to which the performances of the elements of the electric 
system result in power being delivered to consumers within accepted standards 
and in the amount desired - Measured by outage indices 





Smart Grid Reliability (Sultan et al. 2018) 



Power System Reliability Research Framework (Sultan et al. 2019)



Energy Storage For Grid Reliability and 

Power Quality (Sultan 2021)



Battery Storage Integration Into The Electric Grid

➢ Energy storage technology to contribute to the overall
system reliability

▪ Regulating generation fluctuation

▪ Improving the grid’s functionality

▪ Providing redundancy options in areas with
limited transmission capacity, transmission
disruptions, or volatile demand and supply
profiles

➢ Storage to promote energy independence and reduce
carbon emissions

➢ Identifying optimal locations for energy storage is a
challenge considering the electric grid constraints, the
deployment requirements and the potential benefits to
the grid



Energy Storage For Efficient Adoption of Renewable 

and Intermittent Generation (Sultan 2021)



Energy Storage Enabling The Smart Grid

Improving Transmission and Distribution (Sultan 2021)



Battery Storage Integration Into The Electric Grid 



Battery Storage Integration Into The Electric Grid 

ID Substation Name Substation Type

1 WALNUT S -- Sub-transmission

2 ROSEMEAD D -- Distribution

3 GOULD S -- Sub-transmission

4 MESA S -- Sub-transmission

5 LAGUNA S -- Sub-transmission

6 BULLIS D -- Distribution

7 CENTER S -- Sub-transmission

8 CORNUTA D -- Distribution

9 LIGHTHIPE S -- Sub-transmission

10 HASKELL D -- Distribution

11 STADIUM D -- Distribution



Battery Storage Integration Into The Electric Grid (Sultan et al. 2018)



System Model To Optimize DERs' Placement (Sultan et al. 2016)

Maximum Remaining Generation 
Capacity = Current Capacity Load -
(Solar Potential + Existing 
Generation)



Conclusion & Lessons Learned

Grid reliability is the greatest concern resulting from the current challenges facing electric utilities.
The argument is that battery storage will play a significant role in meeting the challenges facing
electric utilities by improving the operating capabilities of the grid, lowering cost and ensuring high
reliability, as well as deferring and reducing infrastructure investments.

According to the United States Department of Energy, energy storage technology can help contribute
to the overall system reliability as wind, solar, and other renewable energy sources continue to be
added to the grid. Storage technology will be an effective tool in managing grid reliability and
resiliency by regulating generation fluctuation and improving the grid’s functionality. It will provide
redundancy options in areas with limited transmission capacity, transmission disruptions, or volatile
demand and supply profiles. Utility-scale storage can be instrumental for emergency preparedness
because of its ability to provide backup power, as well as grid stabilization services..



Together…. Shaping the Future of Electricity
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