
Stepping into Helping the 
Power Grid

Directions, Concentrations and Challenges



Power Systems 

Expectations:
- Safe 
- Reliable – Adequacy and Security 

- Minimal to no outages 
- High power quality 

- Affordable 



Clean Reliable Power Systems 
vs our Reality 

This beautiful dream relies on
the donkey to operate!



Challenges

• Aging of infrastructure and load increase 
• the tension between reliability and cost
• Site permits and environmental challenges 

• Retiring Mass Generations due to aging or environmental policies
• Introduced Renewable Energy Sources to decrease Co2 footprint

• Growth in system reliability concerns
• Uncertainty
• Inadequacy 

• Growth in system complexity 



Distribution Grid Challenges

• RES over generation will cause really high voltages along the feeder

• Bidirectional power flow and protection equipment mal-function

• Voltage regulators and shunt capacitors may experience too many 
operations

• Voltage regulators functionalities are designed based on uni-
directional power flow and they may present mal-function when 
dealing with bi-directional power flow. 



Senior Design Projects 
• Smart Inverters and Volt Var Optimization
• Scalable High Density Piezoelectric Energy Harvesting System from 

Roadway Traffic
• Optimized and Coordinated Charging Methods for Electric Vehicles Cost
• Distribution Systems Dynamic Service Restoration Utilizing Load Curves
• Frequency dependent line modeling and equipment sizing
• Flywheel Energy Storage
• Power system stability evaluation with mass free productions
• Fire in California the cause and solution
• …..



Smart Inverters and Volt Var Optimization

Rule 21 
IEEE 1457



Smart Inverters and Volt Var Optimization



Scalable High Density Piezoelectric Energy 
Harvesting System from Roadway Traffic



Scalable High Density Piezoelectric Energy 
Harvesting System from Roadway Traffic



Scalable High Density Piezoelectric Energy 
Harvesting System from Roadway Traffic



Optimized and Coordinated Charging 
Methods for Electric Vehicles Cost
• Start time distribution function

SOC
Type of Car
Type of Charge 
Mileage of drive
Life style



Optimized and Coordinated Charging 
Methods for Electric Vehicles Cost



Distribution Systems Dynamic Service Restoration 
Utilizing Load Curves

• Optimization Process to find 
candidate networks for reducing 
frequency and duration of customer 
interruptions.

• Minimizing total loss of load
• Minimizing total number of switchings



Distribution Systems Dynamic Service Restoration 
Utilizing Load Curves



Frequency dependent line modeling and 
equipment sizing



Frequency dependent line modeling and 
equipment sizing





Power system stability evaluation with mass free 
productions – IEEE 14 bus test system 



Power system stability evaluation with mass free 
productions



Power system stability evaluation with mass free 
productions



Voltage Stability Indicator

 

ROI1

ROI2

ROI3

ROI4

WALI index can predict the system’s move towards instability 
well ahead of time. When WALI becomes smaller than 0.9, 
voltage profiles are still above 0.95.



Fire in California the cause and solution

• Approximate Entropy Method in MATLAB – To quantify the behavior 
associated with data

• High Impedance Fault in Power Systems – Voltage Data from Grid



Fire in California the cause and solution

High impedance fault detection
No obvious effect on system voltage 



Fire in California the cause and solution

High impedance fault detection
No obvious effect on system voltage 



Game Theory and Renewable Energy Market
Home Energy Management System sends to and receives signals
From Market Operator



Game Theory and Renewable Energy Market
Get the best bid for each hour is the optimization problem. 
Energy Price Consistent throughout the day. 



Thank you 
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