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Short Abstract

One of the advantages of electric vehicles is their mass storage capability, which can help to change the hourly generation portfolio and reduce the
operating costs of the SCUC scheduling problem. On the other hand, the uncertainty in the power system can lead to an imbalance in production and
consumption, and as a result, unpredictable blackouts. Therefore, studies of the flexibility of the power system have gained special importance. In this
paper, the effect of the presence of Vehicle-to-grid (V2G) on the flexibility index and operating cost of the power system has been investigated as it’s
considered a quick response source. The uncertainty of electric vehicles (EVs) has been modeled using the Z-number method. In fact, this method
describes the number of v2g capable charging stations in each parking lot as a probabilistic—possibilistic variable. Improving the flexibility is reasonable
when the operating cost is at the lowest possible level. For this reason, in order to reach the expected level of flexibility, the SCUC problem has been
solved, considering security and flexibility, and the numerical analysis shows the improvement of the level of flexibility with the minimum cost of
operation. In order to demonstrate the effectiveness of the proposed method, the IEEE 24-bus test system has been used.
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1-  Short Introduction

The SCUC problem is a key optimization function in power system management, which minimizes the total operating cost while satisfying security
constraints in a short-term horizon [4]. Also, the presence of electric vehicles in the SCUC problem reduces the dependence of the power system on
expensive units in peak load [7]. But one of the critical things that must be considered when optimally connecting electric vehicles to the power grid is
the high uncertainty of EVs, which inevitably affect the behavior of the power system [17]. On the other hand, the uncertainty of electric vehicles and
power generation sources, overshadows the flexibility of the power system [23]. Therefore, electric vehicles are used as a source of flexibility
enhancement.

2-  Proposed Work and Methodology

In this paper, security-constrained unit commitment in the presence of probabilistic—possibilistic modeling of V2G parking lots with the approach of
improving flexibility (FBSCUC 2 ) is proposed. The main goal of FBSCUC 2 problem is to provide network load with minimum operating cost and
maximize network security. On the other hand, to evaluate the effect of electric vehicles on the level of flexibility of the power system, the introduced
flexibility indices are added to the constraints of the SCUC problem. In fact, the problem of FBSCUC 2 is solved with the aim of maximizing the
security and flexibility of the power system. In this structure, the uncertainty of electric vehicles is modeled by the Z-Number method. Using this
method, the number of v2g capable charging stations in each parking lot is calculated. The reason for this choice is that the construction of V2G enabled
parking lot and predicting its behavior in the studied system requires having its historical data available) Due to the lack of such data and the various

pattern of using electric vehicles in each country, these data are considered as incomplete data in Iran. Therefore, to effectively use these information,
the Z-number method has been utilized.

3-  Conclusion

The simulation results of the FBSCUC 2 problem show that the controlled presence of electric vehicles in the power system, leads to improved
flexibility with the most reasonable operating cost. On the other hand, it is observed that the untargeted presence of electric vehicles in the power system
reduces the flexibility indicators The effectiveness of the proposed problem has been examined in three cases. In the first case, the SCUC problem is
solved without considering electric vehicles and flexibility indices are calculated. In the second case, the SCUC problem has been solved in the presence
of electric vehicles and the effect of their uncertainty on the the power system flexibility has been evaluated. Finally, in the third case, the SCUC
problem is constraied to flexibility indices. In this case, in addition to reducing the operation cost, electric vehicle have led to an increase in the power
system flexibility.
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