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Motivation 

 Transportation sector major environmental emissions 
 (e.g., 24% global CO2 emissions). 

 

 Large fleet of PHEVs will penetrate distribution systems 

 Environmental concerns,  

 Incentives from the regulators. 

 

 Coordinated operation of numerous PHEVs is possible 

 Advanced Metering Infrastructure (AMI), 

 Advanced communication and control. 
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PHEV Charging Approaches 

 Uncoordinated charging 

 No PHEV aggregator exists. 

 PHEV owner might use local “Optimization Module” to generate 
charging schedules. 

 Objective for most of the users will be 

 “Minimization of Energy Prices”. 

  Primary Information exchange between 

     ISO and PHEV are,  
 Energy price 

 PHEV parameters 

 Owner preferences 
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PHEV Charging Approaches 

 Coordinated charging 

 PHEVs aggregator facilitates the coordinated charging of PHEVs. 

 Aggregator communicates with PHEV owners, ISO, distribution 
system operator and an “Optimization Module”. 

 Communication and control are 

    basing on the infrastructures of  

 Smart Grids. 

 Aggregator can set different  

objective functions beneficial to  

PHEV owners, and/or the Grid. 
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Mathematical Modeling 

 Each PHEV model is developed based on, 
 Hourly state-of-charge (SOC), initial available SOC, and final desired SOC. 

 Time instances PHEV is available for Grid connection. 

 Average driving distance and mileage. 

 Efficiency of Charging/discharing process. 

 Power rating of charging socket. 

 Hourly SOC when the PHEV is off the Grid. 

 Minimum and maximum SOC allowed. 

 Distribution feeder model 

 A balanced single phase equivalent model.  
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Mathematical Modeling … (Contd) 

 Objective Function 

 Uncoordinated charging: Minimization of energy cost for each PHEV. 

 

 

 Coordinated charging-I: Minimization of distribution losses. 

 

 

 

 Coordinated charging-II: Maximization of distribution load factor.  
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Case studies 

 System descriptions 

 15-node, 11.43kV radial distribution system is considered. 

 A Day-a-head forecast of a utility is used as energy price. 

 Uncoordinated and coordinated charging of PHEVs are studies 
considering  10%, 25%, and 50% PHEV penetrations. 

 Model is developed in GAMS and solved using BARON solver. 
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Case studies…(Contd) 

 Simulation results 

 Impact on power losses (50% PHEV penetration) 

 

 

 

 

 

 

 

 

 Note: Base case does not account for the PHEV loads 
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Case studies…(Contd) 

 Simulation results 

 Impact on system load profiles 
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Case studies…(Contd) 

 Simulation results 

 Impact on voltage profiles 
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Conclusions 

 Uncoordinated charging options are beneficial to the PHEV 
owners as it leads to the minimized energy cost. 

 On the other hand, the uncoordinated charging is not 
desirable from the system operation point of view as it 
leads to the increased peak,  increased losses, low load 
factor, and low voltage profiles. 

 The Smart Grid infrastructures will support the concept of  
“PHEV aggregator” which can deploy numerous PHEVs in 
coordination. 

 Coordinated operation of PHEVs impart benefits to the 
distribution system operation and/or the PHEV owners.  
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