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ABSTRACT            

The rapid urbanisation of the population has 

led to challenges such as increased energy 

demand, higher building sector activity, and a 

need for infrastructure development to 

accommodate rising transportation needs. At 

the same time, the global shift toward 

sustainable energy has prompted many 

households to adopt photovoltaic (PV) 

systems for self-consumption, using solar 

panels to meet daily energy needs.  

This often leads to surplus energy being returned to the grid, leading to suboptimal resource 

use. Meanwhile, the adoption of electric vehicles (EVs) has surged due to their environmental 

benefits, such as reduced greenhouse gas emissions. However, the growing number of EVs 

demands new infrastructure to meet their charging needs. This study proposes a solution to 

optimize the use of surplus energy generated by residential PV systems in urban 

neighbourhoods to power an electric vehicle charging point. The excess energy is first used 

to charge energy storage systems (ESS) until they reach an optimal state of charge (SOC), as 

determined using the Taguchi method. An energy management strategy (EMS) is also 

introduced to regulate energy flow efficiently, addressing the intermittency of solar power 

production. This approach ensures that energy from residential solar producers is utilized 

effectively for EV charging while improving overall energy management within the 

neighbourhood. By optimizing energy use in this way, the study offers a practical solution for 

integrating renewable energy and supporting the growing demand for EV infrastructure in 

urban settings. 
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 مُثلى لفائض الطاقة الشمسية لشحن المركبات الكهربائية في المناطق السكنية الحضريةإدارة 

 بوطاهر عبد الرحيم ˓ العثمانيربيع  ˓ قندوسي خالد ˓ أمال نفراوي

 

أدى النمو السريع للتركيبة السكانية الحضرية إلى ظهور العديد من التحديات، بما في ذلك التوسع في قطاع العمران،  :ـصـملخـ

المتزايد إلى وزيادة استهلاك الطاقة، وضرورة النمو الهيكلي للإنتاجية، ورفع مستويات المعيشة. كما أدى هذا التوسع الحضري 

زيادة نشاط النقل، مما يتطلب تطوير البنية التحتية المناسبة. كما يشهد قطاع الطاقة العالمي في الوقت نفسه تحولًا كبيًرا نحو 

الاستدامة. واستجابةً لهذا التحول في مجال الطاقة، يتجه المواطنون بشكل متزايد إلى الاستهلاك الذاتي للطاقة الكهروضوئية 

لتلبية احتياجاتهم اليومية من الطاقة، وذلك من خلال تسخير طاقة الألواح الشمسية المثبتة على أسطح المنازل. ومع كوسيلة 

ذلك، يمثل هذا النهج تحديًا فريدًا من نوعه، حيث يتم تسليم فوائض الطاقة إلى موردي الطاقة، مما يؤدي إلى عدم كفاءة استخدام 

( زخًما ملحوظًا بسبب مزاياها البيئية الملحوظة، مما يساهم في EVsاعتماد السيارات الكهربائية ) الموارد. وفي الوقت نفسه، اكتسب

تقليل انبعاثات غازات الاحتباس الحراري. ومع ذلك، فقد استلزم الدمج الواسع النطاق للمركبات الكهربائية إجراء تحسينات في 

لطاقة التي ينتجها منتجو الطاقة الشمسية البنية التحتية لاستيعاب احتياجات شحنها. في هذا العمل، نقترح حلًا لاستغلال فائض ا

(، بعد شحن أنظمة تخزين الطاقة حتى الوصول EVsالمنزلية في إحدى المناطق، كمثال، لتزويد نقطة شحن للسيارات الكهربائية )

اغوتشي. كما تم اقتراح استراتيجية لإدارة الطاقة إلى حالة معينة من الشحن الأمثل، ويتم تحليل هذه الأخيرة باستخدام طريقة ت

(EMS.من أجل مراقبة جيدة للطاقة لمعالجة حالات تقطع الألواح الكهروضوئية ) 

  .وتشيغالمركبات الكهربائية، الطاقة الكهروضوئية، نظام إدارة الطاقة، الاستهلاك الذاتي للطاقة الكهروضوئية، طريقة تا :المفتاحية الكلمات

1. INTRODUCTION: 

As the global concern for climate change grows, the imperative need to reduce greenhouse 

gas emissions and transition towards cleaner energy sources has become increasingly evident. 

Among renewable energy technologies, photovoltaic (PV) systems have emerged as a 

promising and sustainable solution, playing a pivotal role in mitigating carbon emissions and 

fostering a more environmentally conscious energy landscape [1]. On the other hand, the rapid 

urban demographic growth has spurred numerous challenges, including expansion of the 

building sector, rising energy consumption, increased infrastructure needs, and higher living 

standards. This surge in urbanization has also catalysed heightened transport activity, 

necessitating suitable infrastructure development. Simultaneously, there is a notable shift 

occurring in the global energy environment toward a more sustainable trajectory. In light of 

this transition in energy sources, individuals have progressively embraced the practice of 

photovoltaic (PV) self-consumption as a strategy to fulfil their daily energy requirements, 

utilising the potential of solar panels that are installed on the rooftops of residential buildings. 

The remarkable aspects of PV technology include its adaptability to residential settings, ease of 

installation and low maintenance [2], [3]. 

However, the surplus energy often occurs because PV panels continue to generate 

electricity during the day when consumption is low. This energy can be invaluable during peak 

demand hours, typically in the evenings and nights, thus alleviating the stress on conventional 

power sources. One of the notable characteristics of PV systems is their ability to inject surplus 

energy into the grid. Often, the excess energy generated is routinely delivered back to energy 

suppliers, resulting in suboptimal resource utilization. Alternatively, the energy can be stored 
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in the energy storage systems (ESS), making it available for use during peak demand periods 

or when solar generation is reduced, such as at night or during cloudy days [4].  

It is important to note that the adoption of storage systems is not universal, and not all 

residential PV installations include them. Moreover, even when storage systems are present, 

their capacity may sometimes be insufficient to store all surplus production, potentially leaving 

some excess energy unused. On the other hand, the lifestyle of occupants in residential areas is 

a critical factor in determining the effectiveness of PV integration. Their energy consumption 

patterns, including when and how much energy they use, greatly influence the potential for PV 

surplus injection into the grid. 

Regarding the transportation sector, electric vehicles (EVs) are a crucial component of this 

transition, offering significant benefits in terms of reducing greenhouse gas emissions and 

dependence on fossil fuels [5]. Thus, to encourage their integration and motivate EV owners 

to undertake extended journeys, it is important to expand the public charging infrastructure. 

The provision of public charging infrastructure in residential areas provides increased 

accessibility and convenience for EV owners who do not have access to a personal parking place 

or garage to install a private charging point. This is particularly relevant for those living in 

apartment complexes. For EV drivers residing in urban areas, the presence of charging stations 

in various neighbourhoods is a welcome development, particularly when they are located at a 

considerable distance from a charging facility. 

In addition, EV usage is highest during the day, particularly from 8 AM to 6 PM, which 

corresponds to typical commuting hours. Consequently, the demand for EV charging is 

extensive during this period. Aligning the surplus PV energy generated during the day 

(typically between 7 AM and 5 PM, when sunlight is abundant) with the high charging demand 

of EVs presents a significant opportunity for optimizing energy use[6].  

In addition, the extensive utilisation of self-consumption PV generation holds significant 

potential. Moreover, there is a variation in electricity use among households, resulting in 

diverse load profiles. Furthermore, it should be noted that not all users will engage in 

simultaneous charging of their vehicles, owing to the likelihood of varying transportation 

needs, nor will their energy consumption patterns be uniform throughout the day.  

This alignment presents a significant opportunity for optimizing energy use. The surplus 

PV energy generated during the day, when household consumption is low, can be harnessed to 

meet the high charging demand of EVs. Implementing smart charging strategies that prioritize 

EV charging during peak PV production hours would enhance the efficiency of PV energy 

utilization, reduce reliance on the grid, and contribute to the overall stability and sustainability 

of the energy system. 

Another key factor is the trend of increasing residential electricity prices coupled with 

decreasing battery storage costs. Consequently, charging EVs using the surplus PV energy, 

rather than injecting it into the grid, is more advantageous. This approach allows for the 

subsequent utilization of stored energy in vehicle-to-grid (V2G) technology, enhancing energy 

efficiency and sustainability[7], [8]. 

For instance, in this study, we propose an innovative strategy that seamlessly integrates 
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these various aspects of urban life. Our goal is to harness the surplus energy produced by 

household solar systems within a typical urban district to power an EV charging point. This 

approach effectively bridges the gap between renewable energy surplus and the increasing 

demand for EV charging infrastructure. Additionally, we implement an energy management 

strategy (EMS) to efficiently monitor and manage energy usage in response to the intermittent 

nature of PV panel output. 

2.  METHODS: 

To comprehensively assess the dynamics of EV charging in a residential area and its 

interaction with PV systems, a representative simulation model was developed. This model 

simulates a fictitious residential neighbourhood and an EV connected to a recharging point.  

2.1 Household neighbourhood  

The residential neighbourhood considered consists of five distinct houses, each designed 

to have identical PV characteristics, including panel type, orientation, and tilt angle. This 

uniformity eliminates structural or installation disparities, ensuring that variations in energy 

throughout the day. Throughout the simulation, meteorological conditions, such as solar 

irradiance and temperature (1000W/m² and 25°C, respectively), are held constant to eliminate 

energy consumption and PV generation within the neighbourhood is determined to enable 

tracking the energy flows within the neighbourhood, facilitating the development of the EMS. 

This control allows for a focused evaluation of the impact of varying household energy 

demands on EV charging decisions. To introduce variability into the simulation, each house is 

assigned a unique daily energy consumption profile. These profiles represent the differing 

energy demands of households within the neighbourhood, influenced by factors such as the 

number of occupants, their daily routines, and the use of energy-efficient appliances and 

materials. They also reflect realistic usage patterns and peak demands, capturing the random 

nature of consumption exhibited by household users. The tool suggested in reference [9]  is 

utilized to model the stochastic behaviour based on real-world data. To introduce randomness 

into the process, a collection of daily load profiles has been developed for each occupancy level 

(namely, low occupancy households), encompassing buildings of modest to moderate size. 

These profiles were derived using randomly selected consumption patterns observed during 

the winter period, when demand tends to be higher. Each house has its own ESS and is 

connected to the electrical grid, serving as a backup source of electricity when PV generation 

is insufficient to meet household demand. This connection enables seamless transitions 

between local PV-generated power and grid-supplied electricity, ensuring uninterrupted 

energy supply. 

The PV generation at time (t) can be written as in equation (1)[10]:  

𝑃𝑃𝑉,𝑡 = 𝜂𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑟 ∗ 𝜂𝑃𝑉 ∗ 𝐼𝑡 ∗ 𝐴   (1) 

107



Solar Energy and Sustainable Development, Special Issue (MME) , May 2024. 

 

OPTIMIZED MANAGEMENT OF SOLAR ENERGY SURPLUS FOR ELECTRIC VEHICLE CHARGING IN URBAN RESIDENTIAL AREAS   

 

Where: 𝜂𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑟, 𝜂𝑃𝑉 are the inverter efficiency and the PV cell efficiency, respectively, 𝐼𝑡 is the 

incident solar irradiance on the tilted place at time t (W/m²) and A is the PV area (m²). 

2.2 Electric vehicle charging point 

The EV is modelled using a lithium-ion battery model (LiB) due to our central emphasis 

on the charging process during its stationary state at the charging point. This choice is also 

justified by its widespread adoption in the EV sector, owing to favourable attributes such as 

high energy density, robust power capabilities, nominal voltage, and capacity for numerous 

charge and discharge cycles[11]. The electrical equivalent circuit model of the battery 

considered in this study is the Thevenin model, known for its simplicity and good accuracy[12].  

The daily EV energy demand (𝐸𝐸𝑉) for charging is defined as [10]. 

𝐸𝐸𝑉 = 𝜂. 𝐷 (2) 

Where D is the daily driving distance, considered in this study 160 Km, which is close to 

serving the range requirements of personal drivers [13], [14]. he energy 

consumption rate of EVs (measured in kWh/km), which is influenced by several factors, 

including ambient temperature, driving style, and vehicle application. EVs tend to consume 

more energy during extreme weather conditions (both cold and hot) compared to milder 

periods of the year. This increased consumption is largely due to the need for climate control 

within the vehicle, as maintaining passenger comfort through heating in cold weather or 

cooling in hot weather demands additional energy. Consequently, the seasonal energy needs of 

EVs are significantly affected by fluctuations in air temperature. 

At the arrival of the EV to the charging point, the state of charge (SOC) is estimated and 

is supervised to ensure good protection to the battery from over charge. The SOC is defined as 

the ratio between the remaining capacity and the initial capacity value of the battery, as 

expressed in the following equation[15]. 

 

𝑆𝑂𝐶 =
𝑅𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦

𝑅𝑎𝑡𝑒𝑑 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦
 (3) 

 

The EV is connected to both individual houses and to the electrical grid, without factoring 

in the vehicle-to-grid (V2G) mode, in this study. Upon the commencement of the charging 

process, the SOC is assessed, and its progression is closely monitored until the battery reaches 

its maximum charge capacity. The charging procedure is carefully regulated to ensure that the 

SOC remains within the necessary operational range, in order to mitigate potential detrimental 

effects on battery health and longevity. Thus, the battery is protected from overcharge and deep 

discharge following limits (SOCmin and SOCmax )[16]. 

2.3 Simulation and algorithm 

Table 1 lists the PV parameters of the panel considered in this simulation, which were 

taken from the Matlab/Simulink library. The panel has a maximum power of 218.871 W. 
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Table 1. PV panel properties. 

Module 1Soltech 1STH-220-P 

Maximum Power (W) 218.871 

Open circuit voltage (V) 36.6 

Short circuit current (A) 7.97 

Voltage at maximum 

power point (V) 
29.3 

Current at maximum 

power point (A) 
7.47 

The PV array is connected to a DC/DC boost converter to elevate the PV voltage while 

tracking the maximum power point of the PV array using the Perturb and Observe maximum 

power point tracking algorithm (P&O MPPT) to monitor the maximum power output by the 

PV array and adjust the duty cycle. The effectiveness of the P&O MPPT's tracking and the ease 

with which it can be implemented have led to its widespread adoption in a variety of grid-

connected inverters and charge controllers for small and medium-sized commercial solar PV 

systems[17]. 

 
Figure 1. The flow chart of Perturb & Observe maximum power point tracking algorithm. 

 

One of the PV constraints is its intermittent production caused by environmental 

conditions, such as the low or complete absence of solar irradiation, especially during night 

time. To solve this issue, the 

need. In this work, we consider the lithium-ion battery to stock the surplus energy produced 

during the day, in purpose of improving the quality and the reliability of power stations. The 

LiB ESS is connected to the PV plant via a half bridge bidirectional DC/DC converter. However, 

the existence of the ESS remains inadequate in addressing the comprehensive requirements of 

all inhabitants. Due to this rationale, the electrical grid is crucial for supplying power to 

buildings. Consequently, the residential property is connected to a single-phase electrical grid 

through an LCL filter, operating at 50Hz frequency. A single phase full-bridge inverter 

interfaces the system with grid [18], [19]. The inverter control is used to balance the active and 

reactive power exchanged with the grid, based on sinusoidal pulse-width modulation (PWM) 
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using dq-frame control under unbalanced conditions[20], [21]. Therefore, Figure 2 describes 

the circuit representing the proposed district of five houses having PV self-production 

connected to an EV charging point. 

 
Figure 2. Proposed scheme of household PV self-production connected to the EV charging point. 

In this simulation, the sizing of the PV plant and ESS was conducted, based on the specific 

energy demands of each house. This approach accurately represents the inherent disparities in 

electricity consumption among different homes. Furthermore, the SOC of each ESS is also 

varied from one house to another, reflecting the unique energy storage needs and conditions 

of each residence, as described in Table 2. The EV LiB is initialised with a starting SOC of 43%, 

mirroring an example of the typical SOC level of EVs when they arrive at charging points.  

Table 2. System parameters. 

House House energy demand Number of panels PV max power Initial SOC of the ESS 

House 1 5 kWh 6 panels 1.3 kW 75% 

House 2 4 kWh 5 panels 1.05kW 80% 

House 3 3 kWh 4 panels 800 W 60% 

House 4 2.5 kWh 3 panels 630 W 90% 

House 5 6 kWh 8 panels 1.8 kW 78% 

 

In this work, we propose an energy management strategy to control the different 

components of this suggested charging point in the district, following the flowchart shown in 

Figure 3. It should be noted that the functionality of this algorithm depends on the connection 

of the EV battery pack to the charging port. The EV is afterwards supplied largely by the 

residential PV system when the PV power output (PPVn) exceeds the power requirements of 

the building (PLoadn) and when the SOCESSn is over SOCmax. The aforementioned 

condition holds significant value for every residential property, which is why the use of the n 

note is employed. If the initial house does not meet the specified criteria, the controller will 

proceed to the next house, and so on. In cases where the SOCESS falls below SOCmax value, 

the PV plant associated with it will be activated and the controller will disconnect it from the 

charging point. Otherwise, the EV is recharged using electricity sourced from the electric grid. 

However, when the EV is not plugged in the charging point and 
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energy demand, the controller chooses whether to inject the surplus into the grid or to charge 

the ESS based on its SOC. 

 
Figure 3. Energy management algorithm flowchart. 

 

Figure 4. Different possible scenarios. 

3. RESULTS AND DISCUSSION: 

In order to optimize the longevity and operational efficiency of the ESS, a configuration 

was implemented to limit the SOC to a maximum of 80%. This measure aims to maintain its 

overall health. When the SOC decreases to a level below the specified threshold and the energy 

consumption of the house is lower than the PV generation, the house disengages from the 

charging point, and the injection process reverts back to the standard mode. This implies that 

the excess PV energy is employed to supply electricity to the household load and recharge the 

ESS until it reaches 80%. As a result, residences 1 and 3 were disengaged from the charging 

station, and their ESS were recharged using excess energy provided by the PV facilities. House 

2, which had an initial SOC of 80%, effectively employed the excess PV energy to supply power 
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to the electrical demand and facilitate the charging process of the EV. House 5 commenced its 

operation with an initial SOC of 78%. Subsequently, it ceased sending energy to the charging 

point when the ESS reached the threshold of 80% SOC. At this juncture, house 5 was 

reconnected to the charging point. This strategy guarantees that the priority need of meeting 

the house load and ESS is fulfilled. 

Figure 6 depicts the charging profile of the EV battery, wherein it commences charging 

with an initial SOC of 43% upon reaching the charging station. The profile is segmented into 

four distinct times, and it is of significance to acknowledge that two residences were 

disconnected from the charging station due to their failure to comply with the EMS 

prerequisites. The EV battery was subsequently charged utilising the power supply from 

residential units 2 and 4, in addition to electricity sourced from the grid, throughout the time 

interval of 0 to 61 seconds. Then, house 5 was utilised throughout the duration of the remaining 

simulation period, thereby exemplifying the efficacy of the employed technique in the process 

of charging the battery. The variability in charging times observed in this profile can be related 

to discrepancies in the power values of individual residential PV systems. 

 
Figure 5. The state of charge of the energy storage system for the five houses. 

 
Figure 6. The electric vehicle state of charge profile. 

In the context of utilizing ESS within residential settings, achieving a 100% SOC is deemed 

most beneficial for meeting the occupants' needs. However, to ensure the battery's health and 

longevity, an 80% SOC has been identified as the optimal charging threshold[22]. Additionally, 
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to determine the ideal SOC for both the charging point requirements and the building's needs, 

assigning equal priority to both, we used the Taguchi method. This strategic approach enables 

us to optimize the energy distribution system, ensuring that both the buildings and EVs 

connected to our system meet their energy needs efficiently and sustainably.  

The determination of the optimal charge limit for the ESS is influenced by several factors. 

These include the time necessary to fully charge an EV, the collective energy demand of the 

buildings (classified as low, medium, or high sized buildings, though for our simulations, we 

assumed a variable energy requirement during the winter for small to moderate building size), 

and the total number of buildings linked to the system. To effectively manage this scenario of 

energy supply, it is imperative to carefully set the charge threshold for the ESS, taking these 

variables into account.  

In analyzing the limit SOC of the storage systems against the charging period, a structured 

approach is taken. The analysis involves examining short, medium, and long charging times 

against various ESS SOC, ranging from 50% to 100%. To select the appropriate orthogonal 

array (OA) design is crucial for the outcome of an experiment and relies on the total degrees 

of freedom (DOF) needed to analyze the primary and interaction effects, the objective of the 

experiment, available resources and time limitations. Orthogonal arrays enable the calculation 

of main and interaction effects with a minimal number of experimental trials [23]. The total 

DOF, must be less than or equal to the number of runs in the fixed set of orthogonal arrays 

(OAs)[24]. It can be calculated using the following equation, where 𝐿𝑎, 𝐿𝑏 ,  𝐿𝑐 represents the 

number of levels of the respective factors A, B and C, respectively.  

𝐷𝑂𝐹 = 1 + [(𝐿𝑎 − 1) + (𝐿𝑏 − 1) + ⋯ ]

+ [(𝐿𝑎 − 1) ∗ (𝐿𝑏 − 1) + (𝐿𝑏 − 1) ∗ (𝐿𝑐 − 1) ∗ … ] 
(4) 

The degree of freedom (DOF) is then calculated to be 18, leading to the selection of an 𝐿18 

(6131) orthogonal array for the Taguchi method. This structured plan includes two factors 

across 18 trials to test our hypotheses. The null hypothesis posits that all means are equal, while 

the alternative suggests variations exist among them. A significance th

assuming equal variances for the analysis.  

In our analysis, the pooled standard deviation was found to be 3.88240, with each level of 

the experimental factors tested three times. Notably, as the SOC level of the ESS increases, both 

the mean and standard deviation values exhibit a downward trend. This pattern suggests an 

inverse relationship between the SOC of the ESS and the response, which in this context is the 

SOC of the EV. Essentially, as the ESS's SOC level rises, the efficiency of charging the EV, as 

measured by its own SOC, decreases. For the factor concerning the state of charge of the ESS, 

a noticeable decline in the signal/noise ratio is observed as the factor's level ascends. 

Conversely, with regard to charging time, the trend reverses, indicating an increase in the 

signal-to-noise ratio as the charging time increases. This inverse dynamic highlight that higher 

SOC levels in the ESS correlate with a decrease in the signal-to-noise ratio. On the other hand, 

longer EV charging times are associated with an increased signal-to-noise ratio, suggesting 

improved outcomes under these conditions. A significant observation is noted at the 60% ESS 
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SOC level, beyond which the average response begins to decline markedly. This finding is 

crucial for optimizing the charging process, as it indicates a threshold beyond which higher 

ESS SOC values could lead to diminishing returns in EV charging efficiency. Tukey's 

confidence intervals, allow comparing the means of the factor levels pairwise. It is noted that 

there is no significant difference between the confidence intervals for the levels of ESS SOC. 

Checking the previously chosen 60% value, its CI does not differ from higher levels in terms of 

EV SOC. Also it provides a high EV SOC, so it may be the right level offering the optimum. 

 
Figure 7. The results of ANOVA analysis: (a) Simultaneous Tukey 95% CIs. Differences in means for EV SOC; 

(b) Main effects graph for Signal-to-noise ratios. Data averages; (c) Simultaneous 95% Hsu CIs. Level average - 

the smallest of the other level averages for EV SOC; (d) Graph of EV SOC and ESS SOC intervals. 95% CI for the 

mean. 

As with Tukey's analysis, Hsu's CIs show the differences between the mean levels for 

another factor. The Hsu method is used to compare each group mean with the best group 

mean. This shows comparisons between each factor level and the level with the highest mean. 

Several levels appear to be significantly different from the best mean, indicating differences in 

the effect of these levels on the response, except for levels 50 and 60, where the CIs are entirely 

above zero, which means that they are the best levels for our preference (we prefer the highest 

value). The lengths of the confidence intervals indicate the variability of the estimates of the 

means. A trend can be observed indicating that increasing levels of ESS SOC are associated 

with a decrease in EV SOC response. 

According to Henry's line, most of points follow closely the expected linearity, with the 

exception of a few deviations at either end. This indicates that normality is respected, but with 

some extreme values. Furthermore, the plot of residuals as a function of fitted values, shows 

random dispersion. The absence of discernible patterns or trends in this graph indicates that 

the residuals are randomly distributed around zero. This randomness supports the 
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homogeneity of variances assumption, meaning that the residuals have consistent variability 

across the range of fitted values.  

Additionally, the histogram of residuals is intended to provide a visual sense of their 

distribution. A symmetrical bell shape would indicate a normal distribution of residuals. 

However, there is a slight asymmetry, suggesting a slight deviation from normality. Lastly, the 

graph of the residual values as a function of the order of observations shows some alternation 

of values. Yet, there is no clear trend or cyclical pattern, indicating that the independence 

assumption is reasonably met. 

In summary, the homogeneity of variances and independence are reasonably well 

respected in this analysis.  In addition, the results show that the right choice to make is 60%, 

giv SOC within buildings is the largest value offering a confidence 

interval above zero, as well as a high level of car charging at the charging point. 

 
Figure 8. Diagrams of residual values for EV SOC.

4. CONCLUSION: 

The suggested strategy was simulated and demonstrated favourable outcomes in charging 

the EV using surplus energy from five residential properties. It is recognized that maintaining 

an 80% SOC in the ESS is beneficial for meeting the peak energy demands of a dwelling and 

for ensuring energy availability during periods of low PV production, while also promoting the 

health and longevity of LiBs. In our vision for future smart cities and energy community 

projects, we posit that a 60% SOC in the ESS (which was found to be the best choice based on 

the Taguchi method analysis), complemented by PV production, could adequately meet the 

energy requirements of households, as well as supply the EV charging points. This approach 

allocates equitable importance to satisfying both the building's energy needs and the demands 
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of the EV charging points, forging a synergy that not only maximizes efficiency and battery 

health but also aligns with sustainable urban development goals. By integrating such a strategy, 

smart cities can optimize their energy resources, prolong the life span of storage systems, and 

facilitate the widespread adoption of EVs, thereby contributing to a greener and more resilient 

urban energy landscape. However, the potential economic advantages of this recommended 

technique have not been taken into account within this study. 

AUTHORS CONTRIBUTION: Amal Nefraoui: Formal analysis, Investigation, Software, Resources, 

Writing  original draft. Khalid Kandoussi: Investigation, Resources, Supervision, 

Visualization. Rabie Elotmani: Investigation, Visualization. Abderrahim Boutahar: Writing  

review & editing.  

Funding: This research received no external funding. 

Data Availability Statement: The data are available on request from the corresponding author. 

Conflicts of interest: The authors declare that they have no known competing financial 

interests or personal relationships that could have appeared to influence the work reported in 

this paper. 

Acknowledgements: The authors would like to express their sincere gratitude to everyone 

who has supported and encouraged them throughout the development of this research. 

REFERENCES 

[1] P. Choudhary and R. K. Srivastava, ‘Sustainability perspectives- a review for solar 

photovoltaic trends and growth opportunities’, Journal of Cleaner Production, vol. 227, 

pp. 589–612, Aug. 2019, doi: 10.1016/j.jclepro.2019.04.107. 

[2] S. Gallardo-Saavedra, A. Redondo-Plaza, D. Fernández-Martínez, V. Alonso-Gómez, J. I. 

Morales-Aragonés, and L. Hernández-Callejo, ‘Integration of renewable energies in the 

urban environment of the city of Soria (Spain)’, World Development Sustainability, vol. 1, 

p. 100016, Jan. 2022, doi: 10.1016/j.wds.2022.100016. 

[3] R. Luthander, J. Widén, D. Nilsson, and J. Palm, ‘Photovoltaic self-consumption in 

buildings: A review’, Applied Energy, vol. 142, pp. 80–94, Mar. 2015, doi: 

10.1016/j.apenergy.2014.12.028. 

[4] G. A. Barzegkar-Ntovom et al., ‘Assessing the viability of battery energy storage systems 

coupled with photovoltaics under a pure self-consumption scheme’, Renewable Energy, 

vol. 152, pp. 1302–1309, Jun. 2020, doi: 10.1016/j.renene.2020.01.061. 

[5] S. Hemavathi and A. Shinisha, ‘A study on trends and developments in electric vehicle 

charging technologies’, Journal of Energy Storage, vol. 52, p. 105013, Aug. 2022, doi: 

10.1016/j.est.2022.105013. 

[6] G. Masson and J. I. Briano, ‘REVIEW AND ANALYSIS OF PV SELF-CONSUMPTION 

POLICIES’. 

[7] ‘Battery prices collapsing, grid-tied energy storage expanding’, pv magazine USA. 

Accessed: May 20, 2024. [Online]. Available: https://pv-magazine-

usa.com/2024/03/06/battery-prices-collapsing-grid-tied-energy-storage-expanding/ 

[8] ‘Electricity Market Report 2023 – Analysis’, IEA. Accessed: May 20, 2024. [Online]. 

Available: https://www.iea.org/reports/electricity-market-report-2023 

[9] C. Sandels, J. Widén, and L. Nordström, ‘Forecasting household consumer electricity load 

profiles with a combined physical and behavioral approach’, Applied Energy, vol. 131, pp. 

267–278, Oct. 2014, doi: 10.1016/j.apenergy.2014.06.048. 

116



Solar Energy and Sustainable Development, Special Issue (MME) , May 2024. 

 

Amal Nefraoui et. al. 

 

 

[10] R. Fachrizal, M. Shepero, M. Åberg, and J. Munkhammar, ‘Optimal PV-EV sizing at solar 

powered workplace charging stations with smart charging schemes considering self-

consumption and self-sufficiency balance’, Applied Energy, vol. 307, p. 118139, Feb. 2022, 

doi: 10.1016/j.apenergy.2021.118139. 

[11] P. V. Chombo and Y. Laoonual, ‘A review of safety strategies of a Li-ion battery’, Journal 

of Power Sources, vol. 478, p. 228649, Dec. 2020, doi: 10.1016/j.jpowsour.2020.228649. 

[12] A. Arancibia and K. Strunz, ‘Modeling of an electric vehicle charging station for fast DC 

charging’, in 2012 IEEE International Electric Vehicle Conference, Mar. 2012, pp. 1–6. 

doi: 10.1109/IEVC.2012.6183232. 

[13] X. Hao, H. Wang, Z. Lin, and M. Ouyang, ‘Seasonal effects on electric vehicle energy 

consumption and driving range: A case study on personal, taxi, and ridesharing vehicles’, 

Journal of Cleaner Production, vol. 249, p. 119403, Mar. 2020, doi: 

10.1016/j.jclepro.2019.119403. 

[14] ‘Trends in electric cars – Global EV Outlook 2024 – Analysis’, IEA. Accessed: Jun. 07, 

2024. [Online]. Available: https://www.iea.org/reports/global-ev-outlook-2024/trends-in-

electric-cars 

[15] M. Zhang and X. Fan, ‘Review on the State of Charge Estimation Methods for Electric 

Vehicle Battery’, World Electric Vehicle Journal, vol. 11, no. 1, Art. no. 1, Mar. 2020, doi: 

10.3390/wevj11010023. 

[16] C. Zhang, J. Jiang, L. Zhang, S. Liu, L. Wang, and P. Loh, ‘A Generalized SOC-OCV Model 

for Lithium-Ion Batteries and the SOC Estimation for LNMCO Battery’, Energies, vol. 9, 

no. 11, p. 900, Nov. 2016, doi: 10.3390/en9110900. 

[17] V. Kumar and R. K. Bindal, ‘MPPT technique used with perturb and observe to enhance 

the efficiency of a photovoltaic system’, Materials Today: Proceedings, vol. 69, pp. A6–

A11, Jan. 2022, doi: 10.1016/j.matpr.2023.01.002. 

[18] D. Youssra and C. Abdeljabbar, ‘Algorithm for optimizing the lifetime of solar batteries 

and the energy consumption of a smart house’, E3S Web Conf., vol. 351, p. 01009, 2022, 

doi: 10.1051/e3sconf/202235101009. 

[19] A. Ul-Haq, C. Cecati, and E. A. Al-Ammar, ‘Modeling of a Photovoltaic-Powered Electric 

Vehicle Charging Station with Vehicle-to-Grid Implementation’, Energies, vol. 10, no. 1, 

Art. no. 1, Jan. 2017, doi: 10.3390/en10010004. 

[20] A. Al-Khayyat, A. Al-Safi, and M. Hameed, ‘Single-phase grid-connected power control in 

dq synchronous reference frame with space vector modulation using FPGA’, Indonesian 

Journal of Electrical Engineering and Computer Science, vol. 30, pp. 57–69, Apr. 2023, 

doi: 10.11591/ijeecs.v30.i1.pp57-69. 

[21] M. Ebrahimi and A. Khajehoddin, ‘A simple DQ current controller for single-phase grid-

connected inverters’, Conference Proceedings - IEEE Applied Power Electronics 

Conference and Exposition - APEC, vol. 2015, pp. 2840–2845, May 2015, doi: 

10.1109/APEC.2015.7104753. 

[22] E. Wikner and T. Thiringer, ‘Extending Battery Lifetime by Avoiding High SOC’, Applied 

Sciences, vol. 8, no. 10, Art. no. 10, Oct. 2018, doi: 10.3390/app8101825. 

[23] J. Antony and F. Jiju Antony, ‘Teaching the Taguchi method to industrial engineers’, Work 

Study, vol. 50, no. 4, pp. 141–149, Jan. 2001, doi: 10.1108/00438020110391873. 

[24] K. Kumar and K. Pareek, ‘Fast charging of lithium-ion battery using multistage charging 

and optimization with Grey relational analysis’, Journal of Energy Storage, vol. 68, p. 

107704, Sep. 2023, doi: 10.1016/j.est.2023.107704. 

 

117




