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Abstract. Nowadays, the integration of electric vehicles and hydrogen fuel cell vehicles into the automotive market appears to be a promising solution to the dependence on environmentally polluting and costly fossil fuels. However, the performance evaluation of these two vehicles' charging technologies is not highly discussed, especially regarding their implementation in the residential sector. This paperwork presents a techno-economic study and comparison between the electrical vehicle (EV) charging mechanisms and green hydrogen ones. The performance is evaluated with different loads and storage systems. The two charging systems are generally composed of a photovoltaic system, a battery, a grid, and an inverter, which are used to produce electricity for individual stations located at residential buildings in Morocco. A commercial software tool is used to determine the most cost-effective system. The simulation results indicate that the electrical charging system relying only on the grid as a source of electricity is the most optimal, with 94250,91€ of Net Present Cost (NPC), 0,08111€ of Load Cost Of Energy (LCOE), and 7290,72 € of operating cost. As for the green hydrogen-powered vehicle, the charging cost is the greatest. However, it gave a high renewable energy fraction, proving its effective exploitation as an energy source, namely PV generators, compared to electric vehicles.
INTRODUCTION

About 30% of the final energy consumption and over 55% of the world's power demand have been used for building operations in the last decade. As a consequence, many countries in the world have chosen renewable energy resources to reduce the deficiency and satisfy their need for energy.  The gradual implementation of decentralized electricity generation, such as photovoltaic (PV), in buildings, can be seen as a positive chance to transform these consumer facilities into prosumers, i.e., those who consume can produce energy at the same time [1], then it enables them to reduce the electricity bills. The PV technology has demonstrated its value in the electrical distribution grid by reducing power losses and improving the grid voltage profile, adding its advantages as a green energy source [2]. These distributed generation units function in an intermittent mode depending on solar resource availability. Consequently, Distributed Generation (DG) systems' power output and unit demand are not exactly equivalent. For this reason, distributed storage devices are employed to decrease intermittent energy production patterns, regulate voltage fluctuation impacts, and stabilize system functioning [3]. In this manner, the storage devices enhance system efficiency. Indeed, researchers have proposed that electric vehicles (EVs) performing as storage devices can regulate the energy demand and the flow of power supply via the grid. The installed batteries used by EV motors can be provided by grid power. On the other hand, EVs can function as a component of a vehicle-to-grid (V2G) system as shown in Fig. 2, supplying the grid with energy in advantageous circumstances [4]. According to  several studies in the literature, including [6], the significant investments in renewable energy sources across the world and the growth of the electric vehicle (EV) sector will have the potential to improve energy security while lowering the usage of fossil fuel and greenhouse gas (GHG) emissions. Therefore, the use of EVs with renewable energies can provide a cost-effective solution for managing the intermittency of distributed generation and meeting the growing demand for electricity brought on by the switch from fuel-powered cars to electric cars. For all these reasons, planning strategically for EV charging projects is becoming more important than before. Techno-economic studies are carried out to validate the parameters and variables that make the transition feasible. For instance,[7], investigated the viability of charging EVs privately with solar PV systems placed on workplaces.  Additionally, [8], [9], and [10] discuss the effects of integrating renewable energy sources and plug-in electric vehicles on university campuses. With the use of a central charging network system,[11] has presented a valley-filling electric vehicle charging-based system for meeting residential energy demand.  In addition, more similar studies have used citywide data to see how private EV owners charge their vehicles[8]. Also, in Morocco, several similar case studies have been carried out in the same context. For example, to charge electric vehicles, a renewable energy system (RES) comprising grid, wind, and photovoltaic power has been proposed for the transport sector [12]. Also, [13] examined the viability of hybrid renewable energy systems in supermarkets about the Moroccan medium-voltage facility billing scheme, along with a projected design for an electric charger station intended for small-sized electric vehicles that are powered by the hybrid optional system. After recommending incentives for EV owners. However, fewer studies explore the feasibility of charging EVs using a compact home charging station in different cities. Additionally, fewer papers compare the EV and HV charging stations based on the cost and renewable energy fraction. In this context, this paper's contribution consists of providing a techno-economic feasibility analysis to charge EVs and HVs from residences based on the grid and a renewable energy source. The papers discuss the advantages of each charging station based on the cost and explore the possibility of reducing the cost of the HV station with the rise of temperature in the sensitivity analysis section. 
METHODOLOGY OF THE PROJECT STUDY
The examined residential area is located in a Moroccan city named Beni Mellal with a latitude of 32.25 and a longitude of -6.25. The methodology followed to accomplish the objectives is composed of three steps: extracting the meteorological resources of the Moroccan city “Beni Mellal”,  modeling the system’s components in addition to its optimization using the software, which is an effective tool for carrying out techno-economic feasibility studies for solar energy and other renewable energy sources [14], [15], [16]. 
Meteorological Input Data
The system architecture considered in the project integrates a PV generator as a power source. Therefore, meteorological input data  , such as solar radiation, daily temperature,   are needed  to simulate the system . The system is set to be installed in a small family residence for this reason wind turbine parameters are neglected and the main focus is set on solar PV source.  Fig 1. shows the meteorological resources obtained from the NASA prediction of worldwide energy resources recorded in the software.
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FIGURE 1. Meteorological resources of the Moroccan city (a): solar radiation; (b): daily temperature for the year of 2024
System Components Modeling
Electricity Utility Billing
In Morocco, three types of hours are defined during the day: peak, normal, and off-peak Hours, which can impact monthly electricity costs. The Energy Consumption Charge (ECC) is calculated by multiplying the price of electricity EPi by the quantity consumed ECi, using the following equation (1) [26] :

Where
For the period i, the electricity price and consumption are represented by EPi and ECi, respectively. 
Table 1. shows the electricity billing scheme as provided by the Moroccan Electricity Utility from the ONE official site [18]. 
TABLE 1. Local electricity cost [18]

	
	Off-peak Hours
	Normal Hours
	Peak Hours

	Electricity Price (€/kWh)
	0.069
	0.094
	0.13



The Simulation Software 
The simulation software used in this case study is Homer. It is a modeling program that allows renewable energy systems to be optimized through the application of particular algorithms. The software identifies various design scenarios that could address the load requirement based on these variables.  Along with the most efficient system, the economic impact of each system is shown. The load needs, meteorological input data, and system components make up the input data.  The simulation is done for a home charging station with a life time ranging between 20 and 25 years. The costs for each component is provided in the following section, including the initial cost, replacement cost, and the operating and maintenance costs (O&M). 
THE ECONOMIC AND TECHNICAL CHARACTERISTICS OF THE SYSTEM’S COMPONENTS
The component selection is accomplished by referring to the software database according to the load demand. The system is set to be constituted of a solar PV generator, power converter, utility grid, and battery as illustrated in Fig.2.
[image: ]
[bookmark: _Hlk200811760]FIGURE 2.  System architecture
Energy Generator 
A generic flat plate PV generator is selected as the main source of renewable energy for the system.  The PV generator is connected to the DC bus with a capacity of 5 kW and a derating factor of 80%, with capital and replacement costs of 16100 € and 100 €/ year of the O&M cost. The costs provided (for 5kw) are estimated based on the software data and previous case studies[19].
Selected Battery Storage Device 
The choice of the type of battery is crucial and affects the performance of the system. Lead-acid batteries are known for their benefits, including low energy costs, discounted payback, and higher power generation due to their extended battery lifetime [20]. For these reasons, a generic 1 kWh Lead Acid is selected as an energy storage device with 10 10-year lifetime, 300 € of capital cost, and 300 € of replacement cost for only one energy storage device. Additionally, the O&M cost presents 10€/ year. The output of the battery is 800 kWh; the initial state of charge is 100 %, and the minimum state of charge is 40 %. The number of batteries required for the system is determined by the optimization software. Table. 2 presents the electrical characteristics and cost of the selected battery. 
TABLE 2. Technical characteristics of Lead Acid Battery

	Nominal Voltage (V)
	12

	Nominal Capacity (kWh)
	1

	Maximum Capacity (Ah)
	83.4

	Capacity ratio 
	0.403

	Rate Constant (1/hr)
	0.827

	Round-trip efficiency (%)
	80

	Maximum Charge Current (A) 
	16.7

	Maximum Discharge Rate (A)
	243

	Maximum Charge Rate (A/Ah)
	1


Selected Power Inverter
The selected inverter is introduced as an interface and power conversion device in the system with a capital cost of 300 € and a replacement cost of 300 € for a power capacity of 1 kW. Its lifetime and efficiency are 15 years and 95% respectively. The sizing of the required inverters is done based on the software tool. 
Residential Area Load
The load is a multifamily residential charging station (level 2, on-demand). Its charger output power is set to be 12 kW with four chargers, and its scaled average sessions per day is 5. 
FEASIBILITY STUDY OF FOUR PROPOSED EV POWERING SYSTEMS 
The purpose of this study is to investigate the feasibility of powering electrical vehicles in households through renewable energy sources. The simulation results prove the viability of implementing four system designs distributed as follows: The first system architecture is totally dependent on the electrical utility grid, while the second system is composed of a PV generator, power converter, and utility grid. The third system structural design of energy production is made up of a utility grid, a battery, and a power converter. Finally, the fourth system architecture combines the PV generator, the utility grid, the battery, and the power converter.  The elimination of systems that fully rely on PV and battery is for the reason that it is not very optimal in terms of cost and space, since the charging station is meant to be implemented in homes for individual users, where the load ranges between 50 kW and  30 kW. Additionally, opting for a home charging station for EV individual users justifies the reliance on the utility grid and the small size of PV generators in the proposed systems.  In order to keep electric vehicle charging stations running whenever necessary in case of an electrical blackout, batteries serve as a temporary storage solution, which justifies the combination of the grid and battery in one system.
First EV Powering System Finding 
In this system architecture, the electrical utility grid represents the only source used to charge the electrical vehicle (EV). The grid purchases production reaches 89884 kwh/yr, which is the total energy served to the EV charger. The Fig. 3 illustrates the monthly electric production during the year, with an average value equal to 6 MWh. 
	
FIGURE 3.  Monthly electric energy produced by the utility grid
	
FIGURE 4. Monthly electrical energy supplied to the EVs load



According to Fig. 4, the simulation results of total energy consumed by the electric vehicle vary from 20 kWh to 40 kWh per day across the year.  The electric vehicle charging reaches 50 kW as peak power based only on the electric utility grid as a unique source. The system NPC cost reaches 94250,91€, the operating cost is about 7290,72€, while the LCOE represents 0,08111€. The utility grid has the highest cost; this is justified by the fact that the grid is the only provider of electricity. 
Second EV Powering System Finding 
The second system is constituted from the utility grid in addition to 0,0964 kW of a Generic flat plate PV generator and 0,128 kW of a power converter system. The system total NPC is 94342,58€, the Levelized COE is 0,08118€, and the operating cost reaches 7280,17€. The electric utility grid charges represent 92807,29€, which is the highest cost compared to the other components involving the generic flat plate PV with 335,21€ and the power converter system with 51,81€, which is justified by the level of electricity produced by each source and component.  The grid purchases produce 89738 kWh/yr of electric energy, while the Generic flat plate PV produces only 165 kWh/yr, which represents respectively 99,8% and 0,183 % of the total energy production as shown in Fig. 5.  The production cost using the grid is higher compared to other components. A part of the produced energy is consumed by the electrical vehicle, while the rest of the energy is supplied to the grid sales. Given the grid's significant contribution to energy production, the grid is considered in this case to be the main supplier of electrical energy to the electric vehicle. This provided energy to the EVS, reaching 40kW as shown in Fig. 4.
Third EV Powering System Finding 
The third mechanism comprises the electric utility grid, a generic 1 kWh lead-acid storage battery, and a 0,490 kW power converter.  The total NPC  of the system is 95049,50€, the levelized cost (LCOE) represents 0,08180 €, and the operating cost reaches 7320,36 €. The third EV powering system architecture relies on the utility grid as the basic supplier of electrical energy. Indeed, the lead-acid battery is used to provide the electric vehicle with power when the utility grid is cut off. For this reason, the utility grid cost represents a big part of the whole system's total cost with 92958,15 €, while the Lead acid battery cost is only 658,37 €. The utility grid is then the main producer of electrical energy (Fig. 6). Its production ranges between 8 MWh and 6 MWh per month during the year. The battery provides the ability to store electrical energy at 0,491 €/kWh while the consumption of electrical vehicle load reaches 89884 kwh/yr and the daily electrical energy served to the EV is 48 kW.

	
	

	
FIGURE 5. Monthly Electric Production to the EVs load (of the second powering system mechanism)

	

FIGURE 6. Monthly electric energy produced by the third EV powering system




Fourth EV Powering System Finding 
The fourth EV powering system mechanism is a combination of the electric utility grid with 0,214 kW of a generic flat plate generator, 1,14 kW of a power converter, and 1 kWh of Lead Acid battery. The system’s NPC cost equals 95316 €, the LCOE is 0,0820 €, and the operating cost is 7300 €. The generic flat plate produces 366 kwh/yr. The utility grid cost is dominating compared to the other component costs. Fig. 7. presents the monthly electric energy produced by the fourth EV powering system during one year; the electric utility grid represents the highest production with an average of 7 MWh per month, while the PV generator production is lower. Therefore, the significant energy proportion by the electric utility justifies its high cost compared to other powering system components, such as PV generic flat plate generator. As shown in Fig.4, the total electrical energy supplied to the EV loads during one year ranges from 20 kW to 50 kW as energy consumed peaks. It takes 8 hours to be charged, which is suitable for residential applications aiming to supply energy to the electric vehicle during nighttime. The simulation results confirm that the electrical vehicle peak energy consumed is 50 kW per day across the year and during July only, for the fourth powering system mechanism case.


FIGURE 7. Monthly electric energy produced by the fourth EV powering system

ECONOMIC COSTING OF THE FOUR EV POWERING MECHANISMS
To get a clear comparison, the four systems' design and cost are summarized in Table 3 and Fig.8, respectively.  According to Fig. 8, which presents a comparison between the NPC cost (Fig. 8 (a)) and the LCOE of the four powering systems (Fig. 8(b), it is deduced that the first EV powering system design is the most economical and depends only on the utility grid. It is considered as the most optimized solution by its ability to provide the lowest NPC and LCOE with higher energy production purchase, followed by the second EV powering system mechanism composed of electric utility, power converter, and PV system generator, then the third EV powering system constituted with battery, utility and power converter and finally the fourth EV powering system, which represents a combination of all previously mentioned systems. As a result, for the same capacity of EV charging, the electric utility grid is considered the optimized solution to provide a home station for charging the EV system. 

	
(a)
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FIGURE 8. Comparison of the four systems in terms of (a) NPC, operating cost; (b) LCOE

TABLE 3.  Summary of the four systems’ design

	
	Grid
	PV 
	Battery 
	Converter 

	First system
	· 
	    ×
	      ×
	          ×

	Second system        
	· 
	0,0964 kW 
	      ×
	0,128 kW 

	Third system
	· 
	     ×
	1 kWh 
	0,490 kW 

	Fourth system 
	· 
	0,214 kW 
	1 kWh 
	1,14 kW 



ELECTRIC VEHICLE CHARGING SYSTEM VERSUS HYDROGEN VEHICLE CHARGING: SENSITIVITY ANALYSIS  
In order to evaluate the economic performance and renewable energy fraction of the EV charging systems. A Hydrogen vehicle (HV) with a tank capacity of 6.3kg is considered as the new load in the energy powering system instead of the electric vehicle. This approach aims to study the economic impact of each type of vehicle requiring energy from residential areas.  The result of HV charging in the home station proves the feasibility of integrating two major HV systems. The first HV system is composed of a PV generator with 94,4 kW, an electric utility grid, a power converter with 2,72 kW,50 kw for an electrolyzer, and a 28 kg hydrogen storage tank. The cost distribution of this HV system is divided as follows: the NPC cost is 402740,33€, the LCOE is 6,57€, while the operating cost is equal to 10284,76€/year. The second HV system is composed of a PV generator with 95,2 kW, five lead acid batteries with 1 kWh, an electrolyzer with an expected power of 50 kw, a power converter with a capacity of 0.451 kW, and a 28 kg hydrogen tank capacity. The second   HV system’s capital cost is distributed as follows: the NPC is 409881,44€, the LCOE is 36€/kWh, and the operating cost is equal to 10675,15€/year.   As a result, the hydrogen vehicle station capital cost for both systems is higher than the NPC cost of the four EV powering system mechanisms studied to implement the vehicle station in a home, ranging between 94250,91€ for the first EV powering system mechanism and 95316€ for the fourth EV powering system. However, the result indicates that hydrogen vehicle charging depends on renewable energy system components, namely the PV generator, with 99.35% as a renewable energy fraction. 
 The LCOE of the second system of HV charging station appears high compared to the LCOE of the first system; however, the difference in cost is justified by the components deployed in each system, namely the integration of batteries as storage devices. In this context, to reduce the cost of implementing the hydrogen vehicle home charging station (the LCOE of the second system is 36€/kWh), the solar-scaled average radiation is changed to examine the cost variation. The estimation result demonstrates that the NPC cost, LCOE, and operating cost are steadily decreasing with the enhancement of solar radiation value, as indicated below in Table 4.
TABLE 4. Solar radiation variation impact on system cost

	Solar scaled average (kwh/m2/day)
	NPC (€)
	LCOE(€/kWh)
	Operating cost (€/yr)

	5,29
	402740,33
	6,15
	10284,76

	7
	330725,46
	5,97
	7963,06

	8
	315361,03
	6,11
	7734,64



However, it is crucial to mention that the installation of several EV charging stations could lead to major grid problems, such as stress during peak charging periods, increased peak load, and disruptions in grid stability due to voltage and frequency imbalance, excessive harmonics, and increased power loss. Nevertheless, the implementation of sophisticated power management systems can solve these issues [21]. 
CONCLUSIONS
The current study investigates the feasibility of implementing a home electrical vehicle charging system in a Moroccan city using commercial software. The study demonstrates the following results: 
· The ability to integrate four EV powering system mechanisms composed of a PV generator and the utility grid as power sources, and a lead acid battery with the electrical vehicle as a storage device. The result proves that the utility grid is the most optimized system to feed the electric vehicle with the necessary electrical power.  
Additionally, a sensitivity analysis is conducted, aiming to replace the electric vehicle (EV) with a hydrogen vehicle (HV) to study the economic impact of each type of powering system vehicle. The results of the second study are summarized as follows: 
· The HV home charging station is feasible by using two principal systems, in which the PV generator and the electric utility grid are the power source devices.
· Investigation confirms that the cost distribution of hydrogen vehicles is larger than the cost of electrical vehicle charging, because it depends on the PV source generating 99.35% as a renewable energy fraction, unlike the electrical vehicle. 
· To reduce the cost of the hydrogen vehicle charging station, the impact of solar radiation variation on the system cost is achieved. This analysis indicates that increasing the average solar radiation from 5,29 kWh/m2/day to 8 kWh/m2/day decreases the NPC cost from 402740,33 € to 315361,03 €, reduces the LCOE costs from 6,15 €/kWh to 5,97 €/kWh, and minimizes the operating cost from 10284,76  €/yr to  7734,64 €/yr.
 	The current study presents the most optimized system for EV charging stations and HV charging stations in terms of cost.  However, from a perspective, it is recommended to consider other system architectures, such as the grid, PV and grid, and also PV and batteries, and compare their performance and economic impact on the charging stations.  
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