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Abstract

This research proposes a novel method for utilizing renewable energies in electric vehicle charging
stations. In the proposed method, the required energy for charging the electric vehicles, the needed
energy for supplying the cryptocurrency mining farm as well as the energy for supplying the critical
loads of the upstream grid are afforded by 100% renewable resources, and the electric vehicle parking
station (i.e., charging station) receives no energy from the utility grid. In this model, the uncertainty of
renewable energies and the mismatch between generation and demand are resolved by optimal charging-
discharging of electric vehicles. While the utility grid is available, the electric vehicles are fully charged,
the cryptocurrency mining farm continues operation at full capacity, and excess renewable energy is
sent to the upstream grid to supply the critical loads. The critical loads are supplied from two directions
of the grid and parking station. During an outage or blackout of the utility grid, the critical loads are
fully supplied by an electric vehicle parking station. In this situation, the cryptocurrency miners are
modeled as a responsive load. In the off-grid operation, the proposed planning manages the energy of
cryptocurrency miners as well as the charging-discharging pattern of electric vehicles for reaching two
objectives of fully charging all the electric vehicles and fully supplying the critical loads. If there is any
surplus of energy, it is used to run the cryptocurrency miners. In the proposed model, since no energy is
received from the utility grid, the issues related to cryptocurrency mining are inconsequential. The
objective function of the proposed method is to minimize the number of discharge cycles on electric
vehicles to avoid battery degradation. The problem is formulated as mixed integer linear programming
and solved by GAMS software. The wind and solar energy uncertainty are incorporated in the model
and an optimal charging-discharging pattern is designed for electric vehicles to confirm feasible
operation under all energy variations.
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Figure (1): Structure of the proposed test network (solid line: power transfer; dashed line: data transfer)
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Figure (2): Flowchart of the proposed model
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Figure (3): Profiles for wind-solar energy and critical loads on the grid side
Table (1): Specifications of cryptocurrency mining machines
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Table (2): Input and output time-interval for electric vehicles in the parking station
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Figure (4): Total charged and discharged powers by electric vehicle station (negative power: discharge; positive power: charge)
Table (3): Discharged power from electric vehicles with a total number of discharges equal to 7
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Figure (5): Energy of electric vehicles when arrive at and leave the station
a) light bar shows Vehicle 1 and the dark bar shows Vehicle 15, b) light bar shows Vehicle 2 and the dark bar shows Vehicle 20
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Table (4): Stored energy and charged-discharged powers of the electric vehicle 20
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Figure (6): Supplying the critical loads by electric vehicle station and grid (green bar: power from the grid, gray bar: power from electric
vehicle station, black line: critical loads power)

Table (5): Impacts of wind and solar energy alterations on the operation of the system
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Figure (7): Charged and discharged powers by the station during grid blackout (negative power: discharge; positive power: charge)
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Table (6): Discharging process of electric vehicles at hours 13 to 16 (kW)
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Table (7): Comparing the grid-tied and off-grid operating conditions
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Figure (8): Supplying all required energy of critical loads by electric vehicle station
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Figure (9): Stored energy and charged-discharged powers of the electric vehicle 20, a) energy, b) charged-discharged power
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Figure (10): Managing the consumed power by cryptocurrency mining machines as responsive loads (bar: consumed power by miners, line:
rated power of miners)

Table (8): Powers of the system at hour 1 during upstream grid disconnection
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Table (9): Cost and revenue analysis of cryptocurrency mining machine
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Table (10): Analysis of return on investment taking into account the free energy from renewable resources
230 (651 51 Oty 6551 ol (10905 B b dylo s kS5l 56T (V) Jgur

Jluado Folhl
YYAO/f (Yo) ailals Lalls wel o
\\adilld Y9 bl Lalls sl e
YYO- - OY9) bayule 2 6,5 4l s a0
¥ (JLo) b oliwsd j2 abe yoe Jobo
olo ¥V dg0> Glo s ctS 5L ley e

Table (11): Attained net profit based on net present value
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Table (12): Total charged power to the electric vehicle station
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