Solar PV parking lots to maximize charge operator profit for EV charging with minimum grid power purchase
Abstract: The paper proposed the charging algorithm for the rooftop solar PV parking lots. The aim of the paper is to promote the Solar PV usage for the EV parking with the profit maximization to the system operator along with the quality service to the customer. Although the existing work exist for profit maximization to the system operator depending upon the grid tariff rate, we develop the charging strategy to maximize the usage from the renewable power availability with reduced grid power purchase. The real time coordination of dynamic arrival and departure time of the EV is done with the dispatch algorithm, to ensure the required charging of the EV at the time of departure. Although the installation cost of the Solar PV at the parking lot may be a problem concern for the commercial acceptance but the reduced carbon emission, profit margin and the low payback period are tempting factors for the need of tomorrow.
Introduction
In every sector the government is taking incentives to promote the clean and efficient technologies to meet the carbon emission reduction for eco-friendly and sustainable future.  The electric vehicle usage is expected to dominate the transportation market in near future. This demand can be fulfilled by the utility planning of installing EV charging stations at residential and commercial level. But the charging stations at commercial level are at initial stage of development thus the only option seems to exist is the residential level charging. [1] But due to the widespread adoption of the EV’s at residential level significantly increases the load demand at substation transformer. [2]- [4] Which further leads to the overheating of the service transformer, deteriorate the transformer life and increases the economic burden on the distribution utility. Also the increased EV penetration leads to the secondary voltage fluctuations and three phase power supply fluctuations. This increased load demand at substation transformer can be solved either by increasing the size of the service transformer, which require labor and cost or by controlling the charging time of EV’s [5] depending upon the power rate [6] depending upon the dynamic electricity pricing for optimizing the charging cost. [7][8] Also the flexibility in power charging of EV is explored [9]-[10] to better match with the intermittent renewable generation. Although these techniques provides the better strategies without overloading any system component but ignores the customer convenience and the availability of vehicle. [11] The opportunities and challenges are present with the vehicle-to-home (V2H), vehicle-to-vehicle (V2V) and vehicle-to-grid (V2G). [12] Vehicle-to-grid- concept is explored in many papers [13] to maximize the revenue for the PEV user [14] projected the economic benefits to the vehicle owner and grid operator [15][16] monitoring real time status of every plug-in electric to provide reliable and efficient service [17]-[19] shifting the load profile using V2G. But the V2G functionality cause the loss of battery cycle life and may cause an early battery replacement also the V2G require special hardware allowing bi-directional power transfer, which is currently not available in most of the market vehicles yet and the lack of established EV integration protocol and market agreement are barrier for deployment for V2G technology. [20] Although the commercial electric vehicles are not designed with comprehensive V2G functionality at the moment, this may be available as an optional feature in near future at extra cost.
EV’s are also an effective way to reduce the CO2 emission in development, and maintain a sustainable energy security and to address the air quality and climate change issue [21]. But the charging requirement dependency on grid power further comes with many barriers. As the emission impact of EV charging are sensitive to the generation mix of particular region [22]-[24]. Solar energy is green and renewable, so using Photovoltaic Power (PV) to charge EVs is promising, more specifically for the workplace parking lots as there is large space available for installing the PV system and the availability of the EV is also high during daytime [25]. The various studies has been reported related to the charge scheduling problems powered by the grid with and without renewable generation[26], to increase the system reliability and reduced cost of system[27]-[29], to increase the overall benefit [30], to increase the operational efficiency [31] and other objectives [32]. The solution are based on the combine approach of current data and the forecasted data, which leads to the highly dynamic charging for renewable intermittency, thus the optimization and scheduling to real time response remains a critical issue.
 To deal with this issue the real time charging scheduling approach is proposed without need of renewable forecasting. To reduce the grid power purchase and maximize the solar power usage for EV charging for profit maximization. To ensure the required charging state of battery before departure with controlled charging rate. Symbol
Description
PPVi
Solar Power at ith hour
CRreqEVn
Charging rate requirement for nth EV
CRmin
Minimum Charging rate
CRmax
Maximum charging rate
SOCdepEVn
State of charge of nth EV at departure time
SOCiniEVn
State of charge of nth EV at arrival time
tavEVn
Arrival time of nth EV
tdep.EVn
Departure time of nth EV
iPdefEVn
Deferrable power of nth EV at ith hour
PPiEVn
Grid power purchase for nth EV at ith hour
Tav.EVn
Availability period of nth EV 
NEV
Number of EV at parking lot


Problem Statement:
As the EV can be promising solution to the transportation pollution dominated cities like Delhi, the largest commercial center in northern India. The installation of solar PV is already promoted by the government. The parking lots with the solar PV seems to be the sustainable solution for both the transportation pollution and green energy utilization for such cities. According to the parking policies of Delhi there are 264 surface parking site available in Delhi with the parking capacity of 54982 ECS. So the parking space availability for solar installation is quite high for the sustainable EV charging schemes. So there are vast opportunities to meet the EV charging load with the solar PV parking lots sustainably. According to the parking standards of Delhi 3ECS require 100 m sq. The average parking space accommodation is generally for 50 ECS, requires 1666.67 m sq. The solar PV installation potential for this space is 17939.88657 sq feet.





Charging Objective:  The objective of the proposed charging strategy is to maximize the charging operator profit by minimizing the grid power purchase, along with the satisfactory service to the charging customer. In practical charging situation with the dynamic arrival and departure time of the vehicle, it become difficult and costly to satisfy the charging requirement without a proper charge scheduling algorithm, which is not acceptable for both the charge operator and customer. So in proposed work the charging algorithm is derived in coordination with the real time information of the dynamic arrival and departure of the EV. The satisfactory service is ensured with the flexibility of the charging rate within specified range of charger rating depending upon the availability period of EV.  

Methodology: To demonstrate the proposed strategy a parking lot with the ECS capacity of 50 vehicles is considered.  Real time charging with controller.-----------------------
For every hour the number of EV’s arriving at the parking lot is considered with the departure time and the charging requirement of the EV.  Depending upon the availability period of the nth EV the charging rate requirement is calculated for the required charging state before departure. Depending upon the charging rate limit of the battery charger the charging rate requirement can be further defined as in eq. If the charging rate requirement is more than the maximum charging rate defined for the EV the required charging state of the battery cannot be achieved. All the electric vehicle arriving at the parking lot need to be charged to the desired charging level before the departure time. Depending upon the arrival and departure time of the EV the charging rate requirement is calculated for the availability period. If the required charging rate is more than the maximum charging level of EV charger the EV is declined of service otherwise it is admitted for the requested charging level. 


                                    …                            (1)
Charging Strategy: As the availability period of each EV arriving at particular hour is varying. To ensure the required charging of the parked vehicle before departure, and avoiding the grid power purchase for the charging. Charging strategy is implemented for each vehicle according to the availability period of the EV. For each hour the vehicle with the minimum availability period is served first.  For each hour the charging power for each EV is allocated as shown in flow chart ,  giving priority to the solar power availability. To maximize the solar power utilization, the deferrable power factor is considered. The deferrable power of each EV with initialized zero value is updated every hour depending upon the solar power availability. When the renewable power is high during day time the solar power available is more than the required charging rate, So the charging rate of EV can be increased depending upon the excess power availability of renewable. The power corresponding to this increased charging rate can be deferred when the renewable power is not sufficient for the EV charging to minimize the grid power purchase. The three cases of the solar Power availability and the deferrable power are shown in figure 1 and the corresponding power discharge strategy for the EV charging is formulated. The charging strategy is follows by each vehicle available at time ith hour following their availability period. After charging of each vehicle the Ppvi  gets updated for the next vehicle charging. Similarly the PdefEVn get updated for next hour utilization.Figure 1: Power Dispatch strategy for EV charging at ith hour for three possible cases





Results and Discussion:
Conclusion: The multi charging scheme with the solar power is proposed for the parking lots with the combined objective of charging station profit and customer satisfaction. The strategy maximize the charging during the solar availability period depending upon their dynamic arrival and departure time.
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