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Introduction 

• The key elements in an indirect V2G system architecture are 

aggregators. They act as interface between the grid and a group of 

PHEVs. 
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Introduction 

• In a direct architecture, there exists a direct line of communication 

between the grid system operator and the vehicle, so that each 

vehicle can be treated as a deterministic resource to be commanded 

by the grid system operator. 

• In this architecture, as the operator needs to directly interact with a 

larger number of individual PHEVs, the amount of signals and 

control task imposed on the grid operator will be significant and 

overwhelming. 

• Second, geographically distributed nature of vehicles and their 

limited individual storage capacity is incompatible with the existing 

contracting frameworks with minimum 1 MW threshold for many 

ancillary services hourly contracts. 
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Introduction 

• The alternative indirect V2G system architecture involves several 

aggregators. In this regard, each aggregator aggregates the 

services provided by individual EVs to make a single controllable 

power resource. This architecture is indirect as aggregators are 

intermediate between the vehicles and the grid operator. 

• In general, an aggregator may take two roles in a V2G system. With 

regard to PHEVs, the aggregator represents the grid operator, trying 

to coordinating charging and regulation process to fulfill charging the 

batteries for PHEV owners while maximizing the overall revenue of 

providing services. 

• For grid system operator, aggregator represents a collision of 

PHEVs, regarded as a dedicated regulation provider and electricity 

consumer 
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Introduction 

• Design an efficient aggregator is challenging, due to the fact that the 

conditions of each vehicles such as arrival time, current state of 

charge, expected during time and expected plug-out battery level 

differ from each other. 

• Introduction of Frequency Regulation 

• Thus, it is necessary to propose an efficient V2G operation method 

that provide the frequency regulation service in a optimal way while 

charging each vehicle to a satisfactory level before departures 
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System overview 

• In this paper, the intended time cycle for the operation of the 

aggregator is divided into H time slots. 

• An adaptive pricing scheme is considered where the exact price 

value (charging price, regulation up price and regulation down price) 

for each time slot is calculated in real time and is announced only at 

the beginning of each operation period. 

• For the next H-1 time slots, we are only aware of the predicted price. 

• In a time slot, each vehicle has three states: idle, charging and 

regulation. In order to simplify the complexity of controlling, the state 

of a PHEV that arriving in the middle of a time slot is idle until the 

starting of next time slot, when PHEV aggregator starts to control it.  

• The controlling will be terminated before the coming of plug-out time 

slot. 
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System Overview 

• we assume that at each time slot, the cost of buying electricity is 

proportional to the energy amount.  

• However, the revenue due to providing regulation service is 

proportional to the available energy capacity. This is because 

fluctuations of power changes between positive and negative are 

almost evenly distributed. 
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Objective Function 

• We propose the following optimization function: 
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Objective Function 
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Objective function 

• Constraints: 

 

 

 

 

 

 

• The aggregator have to ensure that the desired battery level should 

not exceed the maximum charging capacity of vehicles during its 

parking period 
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MPC-Based Charging and 
Regulation Algorithm 

• The main challenge of the scheduling problem is that the number of 

PHEVs in the system is dynamic and aggregator don’t know when a 

new vehicle will come. In order to solve this problem, a model 

predictive control based (MPC-based) PHEV charging and 

regulation algorithm is proposed to schedule the charging and 

regulation process. 

• The basic approach of MPC is that a finite horizon optimization 

problem determining the series of optimal control operation is solved 

but only the first step of control sequence is implemented 
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MPC-Based Charging and 
Regulation Algorithm 

• (I)Set k = 0. 

• (II) Select the time horizon H (e.g. 12 or 24 hours), the length of 

each time slot (e.g. 1 hour). Select a charging and regulation prices 

prediction model. 

• (III) Get the current vehicles’ information (e.g. current state of charge 

(SOC), expected departure time, battery capacity, charging rate). 

• (IV) Solve the quadratic programming optimization problem for the 

entire time horizon. 

• Get the optimal scheduling matrix:  

• (V) Apply the first step       and        to the control system. 

• (VI) Set k = k+1, updates the predicted model for the next iteration. 

Updates the current vehicles’ information. Go to IV. 
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Preliminary Results 

• We have a Preliminary experiment considering five vehicles in a 12h 

time horizon. The experiment is done for one time slot. Further work 

will consider more complicated scenario . 

• The parameter of each vehicles are shown as follows: 
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Vehicles Battery 

Capacity 

Current 

SOC 

Charging 

Rate 

Expected 

Plug-Out SOC 

Parking  

Time 

Vehicle 1 35 KWh 0.4 5 KW 0.9 6 

Vehicle 2 35 KWh 0.3 5.8 KW 0.9 8 

Vehicle 3 53 KWh 0.6 5.8 KW 0.9 9 

Vehicle 4 53 KWh 0.5 6 KW 0.9 7 

Vehicle 5 53 KWh 0.4 6 KW 0.9 11 



Preliminary Results 
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• Parameter settings 

 

Time slot Pc Pr 

1 0.3054 0.0136 

2 0.3183 0.0097 

3 0.2774 0.0136 

4 0.3086 0.0090 

5 0.3032 0.0094 

6 0.2869 0.0174 

7 0.2957 0.0170 

8 0.3034 0.0171 

9 0.3358 0.0134 

10 0.3277 0.0040 

11 0.2865 0.0136 

12 0.3303 0.0182 



Preliminary Results 

• Charging results (alfa=500) 
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Preliminary Results 
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Preliminary Results 
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Preliminary Results 

Vehicles 1 2 3 4 5 

Expected SOC 0.9 0.9 0.9 0.9 0.9 

Plug-out Soc 0.8999 0.8999 0.9 0.9 0.9 
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Charging results (when alfa=500) 

Vehicles 1 2 3 4 5 

Expected SOC 0.9 0.9 0.9 0.9 0.9 

Plug-out SOC 0.8995 0.8994 0.8996 0.8996 0.8996 

Charging results (when alfa=50) 



Preliminary Results 

Vehicles 1 2 3 4 5 

Expected SOC 0.9 0.9 0.9 0.9 0.9 

Plug-out Soc 0.8950 0.8944 0.8961 0.8960 0.8960 
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Charging results (when alfa = 5) 



Ongoing Work 

• The above results are the solutions of the objective function at one 

time slot. For further work, we need to solve the objective function 

once each time slot comes with the parameters of the system 

changes. 

• Evaluate the effect of each parameters (e.g. charging and regulation 

prices, penalty factors) to the charging results and the whole utility 

(and individual utility) of the system. 

• Compare the expense of each vehicle between whether or not 

utilizing the algorithm. 
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Thank You ! 
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