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Overview

The number of eco-friendly vehicles, such as electric vechicles and plug-in hybrid vehicles, is increasing as they are emerging as a solution to environmental problems. These electric vehicles need to be recharged at home or charging stations. Energy use is increasing nowadays as the industry grows due to economic development and also due to the increasing use of various electronic devices in everyday life. To solve this problem, there exists power management systems such as smart grid system. In this situation, the increase of eco-friendly vehicles will affect the power system. Particularly, there will be many differences depending on how and when the electric vehicle is charged. Therefore, the charging strategies for electric vehicles will have a significant impact on the peak load and total amount of power system. The electricity bill for each household will also be affected. The purpose of this paper is to research the effect of charging electric vehicles on residential power systems through big data of residential activity and find optimal charging strategies for each member on each situation. We calculate electricity usage of home appliance and electric vehicle usage from activity pattern data. Usage and rates are compared between three kinds of charging strategies and optimal charging strategies for each household is found.
Methods

In this paper, policies on electricity charges is diverse and research is done on each situation. The use of electric appliances and electric vehicles is based on residential activity big data done by Statistics Korea. First, the data are used to classify activity of each time slot for each household member and use of electrical appliances is estimated through activity. After that, we calculate the electricity consumption of home appliances accordingly. 
We assumed three kinds of charging strategies for electric vehicle. These three kinds of charging strategy was proposed on (Kamankesh, Agelidis, and Kavousi-Fard 2016). The first charging strategy is to start charging as soon as user return home after using electric vehicle. The second charging strategy is to start charging at off-peak times, so it is chosen randomly among the off-peak times. In this case probability density function follows uniform distribution. In the third charging strategy, charging start time follow a normal distribution. We calculate and compare electricity rate for all strategies and find the optimal charging strategy for each household member. 
Results

Depending on policies and stratgies, we compare the total electricity usage of power system and the electricity bill of each household. Though there are differences depending on the three charging strategies, the increase in electric vehicles has resulted in an increase in the peak load as well as an increase in the total usage of the residential power system. Each residential member showed a different optimal charging strategy on each pricing policy. Uncontrolled charging strategy, which is recharging as soon as return to home, showed high electricity rates under almost every household  and circumstances. There were common characteristics among people with the same optimal charging strategy.

Conclusions

This paper find an optimal strategy based on given circumstances and user characteristics. It is clear that the electric vehicle affects the grid system. The people who use more electric vehicles are affected by the charging strategy more. This demonstrates that the proper electric vehicle charging strategy benefits both social and personal utility. Finding a better optimal charging strategy than our research and use as an electric storage device for electric vehicles will be conducted in further research.
References
Achtnicht, Martin. 2012. “German Car Buyers’ Willingness to Pay to Reduce CO2 Emissions.” Climatic Change 113 (3–4): 679–97. https://doi.org/10.1007/s10584-011-0362-8.

Clement-Nyns, Kristien, Edwin Haesen, and Johan Driesen. 2010. “The Impact of Charging Plug-in Hybrid Electric Vehicles on a Residential Distribution Grid.” IEEE Transactions on Power Systems 25 (1): 371–80. https://doi.org/10.1109/TPWRS.2009.2036481.

Elyasibakhtiari, Kiyan, Maher A. Azzouz, Elham Akhavan Rezai, and E. F. El-Saadany. 2015. “Real-Time Analysis of Voltage and Current in Low-Voltage Grid Due to Electric Vehicles’ Charging.” International Conference on Smart Energy Grid Engineering, SEGE 2015, 3–7. https://doi.org/10.1109/SEGE.2015.7324607.

Grahn, Pia, Joakim Munkhammar, Joakim Widen, Karin Alvehag, and Lennart Soder. 2013. “PHEV Home-Charging Model Based on Residential Activity Patterns.” IEEE Transactions on Power Systems 28 (3): 2507–15. https://doi.org/10.1109/TPWRS.2012.2230193.

Hashemi-Dezaki, Hamed, Mohsen Hamzeh, Hossein Askarian-Abyaneh, and Homayoun Haeri-Khiavi. 2015. “Risk Management of Smart Grids Based on Managed Charging of PHEVs and Vehicle-to-Grid Strategy Using Monte Carlo Simulation.” Energy Conversion and Management 100: 262–76. https://doi.org/10.1016/j.enconman.2015.05.015.

Kamankesh, Hamidreza, Vassilios G. Agelidis, and Abdollah Kavousi-Fard. 2016. “Optimal Scheduling of Renewable Micro-Grids Considering Plug-in Hybrid Electric Vehicle Charging Demand.” Energy 100: 285–97. https://doi.org/10.1016/j.energy.2016.01.063.

McKenna, Eoghan, Sarah Higginson, Philipp Grunewald, and Sarah J. Darby. 2017. “Simulating Residential Demand Response: Improving Socio-Technical Assumptions in Activity-Based Models of Energy Demand.” Energy Efficiency, 1–15. https://doi.org/10.1007/s12053-017-9525-4.

Mets, Kevin, Tom Verschueren, Wouter Haerick, Chris Develder, F. De Turck, and Filip De Turck. 2010. “Optimizing Smart Energy Control Strategies for Plug-in Hybrid Electric Vehicle Charging.” 2010 IEEE/IFIP Network Operations and Management Symposium Workshops, 293–99. https://doi.org/10.1109/NOMSW.2010.5486561.

Moghaddam, Amjad Anvari, Alireza Seifi, Taher Niknam, and Mohammad Reza Alizadeh Pahlavani. 2011. “Multi-Objective Operation Management of a Renewable MG (Micro-Grid) with Back-up Micro-Turbine/Fuel Cell/Battery Hybrid Power Source.” Energy 36 (11): 6490–6507. https://doi.org/10.1016/J.ENERGY.2011.09.017.

Subbiah, R., K. Lum, A. Marathe, and M. Marathe. 2013. “Activity Based Energy Demand Modeling for Residential Buildings.” In 2013 IEEE PES Innovative Smart Grid Technologies Conference (ISGT), 1–6. IEEE. https://doi.org/10.1109/ISGT.2013.6497822.

Widén, Joakim, and Ewa Wäckelgård. 2010. “A High-Resolution Stochastic Model of Domestic Activity Patterns and Electricity Demand.” Applied Energy 87 (6): 1880–92. https://doi.org/10.1016/j.apenergy.2009.11.006.



