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Optimal operating strategy of a net-zero electricity solar
photovoltaic building for a sustainable energy future:
a case study in northern Algeria

ABSTRACT: The vast solar potential of Algeria underscores the need for adopting strategies helping to
integrate solar energy in residential buildings to meet growing energy consumption and alleviate
the financial pressures caused by energy subsidies. This paper presents a study on the optimal
operational strategy and economic analysis for residential buildings aiming to achieve net-zero
electricity (NZE) through cost-effective solutions. The methodology involves the development
of a high-performance simulation model for NZE solar homes. This model integrates several
algorithms designed to optimize the sizing of the photovoltaic (PV) system and implement
an efficient energy management strategy. The results show that an optimal PV peak power
of 4.218 kWp and a battery capacity of 5.578 kWh lead to a net annual energy surplus of
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approximately 58 kWh and an electricity cost of 0.1204 USD/kWh, resulting from the investment
in the NZE solar home. On average, the system supplies 0.433 kW to the grid during midday
peak hours in summer while maintaining full electrical autonomy during evening peak hours.
Therefore, the proposed optimal strategy maximizes the use of solar PV energy and minimizes
reliance on grid electricity. It also ensures net-zero electricity by accounting for long-term
interaction with the grid. Additionally, a detailed cost-benefit analysis reveals potential savings
of 7,176.00 USD per household, representing a 68% reduction in government energy subsidies
over a 25-year period. These findings offer a practical roadmap for the large-scale deployment
of NZE homes in Algeria, helping to reduce both grid stress and the financial burden of energy
subsidies, while also contributing to the reduction of CO, emissions.

Keyworps: NZE solar buildings, PV system sizing, sustainable energy, optimal scheduling, efficient
energy management

Introduction

Fossil energy sources, such as natural gas, constitute the main resource for electricity
production in Algeria. However, the reserves of this resource are vulnerable to depletion;
furthermore, electricity consumption in this country is increasing every year due to population
growth, urbanization, economic development, and climate change (Hadjout et al. 2023). The
residential sector represents a significant and growing share of total electricity consumption,
posing new challenges in terms of renewable energy and demand management (Afaifia et al.
2021; Sedaoui et al. 2023; Bouraiou et al. 2020).

Fortunately, Algeria also has some of the highest solar potential in the world (Miiller et al.
2024; Mohamed and Meriane 2024). However, the reluctance of residents to exploit photovoltaic
(PV) renewable energy is a common issue, primarily due to the high investment costs and the
relatively low price of electricity per kilowatt-hour offered by the electricity company compared
to solar PV. The government currently supports electricity prices by covering a significant portion
of production costs, thus keeping consumer prices relatively low. However, future changes in
policy or economic conditions may affect these subsidies and, consequently, energy prices.
In this context, the Algerian government is seeking solutions to reform energy subsidies by
gradually reducing subsidies on energy product prices. Therefore, it is essential to adopt optimal
strategies that encourage residents to benefit from solar PV energy and actively participate in the
transition toward a sustainable energy future.

One of the effective solutions that can succeed in the long term and help encourage the
inhabitants to exploit photovoltaic solar energy and facilitate their involvement in the energy
transition system is the net-zero electricity solar homes (Ahmed et al. 2022; Godin et al. 2021;
Wei and Skye 2020). A Net-Zero Electricity (NZE) solar home is a building designed to produce
electricity equal to more than what it consumes over the course of a year, primarily through solar
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photovoltaic (PV) systems. While an NZE home may still draw electricity from the grid during
low-sunlight periods, it offsets this by exporting excess energy back to the grid, ensuring a net-
zero annual energy balance (Ismaeil and Sobaih 2023; Moghaddasi et al. 2021).

Furthermore, the key challenge in ensuring the success of NZE solar homes lies in
implementing effective energy management strategies and optimizing system sizing. This
includes balancing energy production and consumption, enhancing battery storage efficiency,
maximizing the use of solar energy and adopting demand-side management techniques to ensure
reliability and cost-effectiveness (Ochs et al. 2024; Niveditha and Singaravel 2022; Gong et
al. 2020). Additionally, managing peak hours in the electrical grid presents several challenges
and opportunities. Therefore, studies, strategies, and solutions are necessary to overcome these
challenges and realize the full potential of solar homes integration with the electrical grid.

In the literature, a multitude of strategies, methods, and algorithms have been developed
aimed at optimizing energy management in net-zero energy buildings and reducing investment
cost (Shivanaganna et al. 2024; Alden et al. 2024; Baldoni et al. 2021; Arif et al. 2023; Aldahmashi
and Ma 2024). Other approaches encompass a diverse array of strategies, ranging from load
shifting and demand response to the integration of smart technologies, predictive control
algorithms, and Artificial Intelligence Methods (Alden et al. 2021; Nabavi et al. 2021; Bao and
Zhang 2024). However, these studies have focused on optimizing net-zero energy homes, which
aim to achieve an overall energy balance, encompassing all forms of energy consumption, such
as electricity, heating, cooling, and providing hot water. These buildings often require the design
and installation of a large photovoltaic system or the incorporation of additional renewable energy
sources such as wind turbines, solar thermal systems, green hydrogen, geothermal heat pumps,
or thermal energy storage (Awad et al. 2024; Deymi-Dashtebayaz et al. 2022). Consequently,
the overall cost of these systems is typically much higher than that of net-zero electricity homes.

For this reason, and to reduce the initial investment cost of NZE solar homes, this study
focuses on net-zero electricity homes that aim to balance electricity consumption and production.
To achieve this goal, the study adopts a strategy that optimizes the sizing of a solar PV system
combined with battery storage (PV-BES), along with the implementation of an efficient energy
management approach. The integration of optimized design strategies enhances the overall
efficiency and operational effectiveness of PV-BES systems. For instance, an optimization
strategy for sizing PV-BES systems has shown promising results in off-grid solar homes by
targeting high efficiency, reducing energy consumption, and providing sustainable cooling
solutions (Elnaggar et al. 2024). Another study demonstrated the techno-economic performance
of PV-BES systems using optimization tools adapted to various consumer categories and
operational scenarios (Benalcazar et al. 2025).

Another important factor that can contribute to reducing the initial investment cost is Algeria’s
status as one of the world’s largest natural gas producers (Camporeale et al. 2021). The natural
gas grid supplies over 65% of the population (Algérie Eco 2022), making natural gas the primary
energy source for cooking, space heating, and water heating. Given this, we prioritize the direct
use of natural gas for such applications during peak hours, as it achieves a high efficiency of
approximately 90% or more (Brand and Rose 2012), significantly outperforming its efficiency
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when used for electricity generation. In contrast, the electricity production process incurs
substantial energy conversion losses at various stages, resulting in a considerably lower overall
efficiency. Even in advanced configurations such as combined-cycle for advanced gas turbines,
the efficiency typically reaches only around 62% (Gulen and Zachary 2022).

Since the majority of Algeria’s population resides in the northern region along the
Mediterranean coast, residential energy consumption in these areas tends to be significantly
higher, particularly during the summer months. Due to recurring summer heatwaves, the Algerian
electricity company (Sonelgaz) reports record-high electricity consumption and new peak levels
each year, highlighting the increased strain on Algeria’s power grid during peak hours.

In this context, our study proposes an optimal strategy to facilitate the conversion of a large
number of existing residential buildings in densely populated regions into net-zero electricity homes
by integrating solar PV modules and battery storage (PV-BES). The proposed approach aligns with
national efforts to support the transition toward a sustainable energy future. This strategy is based
on a long-term vision for optimizing PV system sizing and the energy flow between PV systems,
loads, batteries, and the grid. The strategy ensures long-term economic benefits by minimizing
the overall costs of the PV system, eliminating homeowners’ electricity bills, and reducing the
government’s long-term financial burden of subsidizing electricity bills. Additionally, it contributes
to making the converted buildings more energy-efficient and enhances their participation in the
long-term balance of the electricity network by maximizing self-consumption and reducing
pressure on it during peak demand periods.

The study examines the long-term performance assessment of NZE solar buildings to ensure
net metering over a 25-year period. It considers hourly, daily, and seasonal variations that affect the
performance of photovoltaic system components. It also includes other key factors such as long-
term interaction with the grid, the gradual degradation of photovoltaic modules and solar batteries.

To achieve these objectives, we developed a simulation model in the MATLAB/Simulink
environment. This model provides a robust platform for the design, simulation, and optimization
of energy systems. It facilitates the development of various control algorithms for intelligent
power management, optimizes the sizing of photovoltaic systems, analyzes their performance,
and provides a flexible environment for simulation and development.

1. Methodology

To achieve a sustainable energy future in northern Algeria, we propose an optimal operating
strategy for the development of the NZE solar photovoltaic buildings. This strategy relies
on optimizing the size of solar photovoltaic systems and implementing an efficient energy
management system.

First, we developed an advanced model of the NZE solar home under MATLAB Simulink
environment. This demonstrator model includes all essential components of the solar home,
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such as the solar PV generator, the battery storage system, the electrical network, the energy
loads demand profile (home appliances), and a smart energy management system. The model
takes into account all factors representing conversion losses in the overall system, such as solar
irradiance, temperature, efficiency of the inverter and battery, cable losses, as well as the effect
of other system losses representing performance losses in a real system.

We then appropriately sized the PV system to support net metering by estimating the daily
load demand profile for each month of the year and incorporating seasonal meteorological data,
including local solar radiation, ambient temperature, and wind speed. Additionally, we enhanced
the electrical efficiency of the house by using energy-efficient appliances for heating, cooling,
and lighting to minimize electricity consumption.

The initial calculation of the PV generator peak power using mathematical equations based
on average annual energy consumption, average annual coefficient of performance, and average
annual solar radiation does not directly provide an optimized value ensuring net metering
over the year. To achieve this requirement, the resulting value of PV generator peak power
was then optimized by running the simulation model of NZE solar home and an optimization
algorithm, where the simulation model takes into account all monthly variations in consumption,
temperature, and solar radiation, as well as the effects of shading and soiling.

In the final stage of our study, we presented and analyzed the results obtained, illustrating
the operational performance and long-term net-metering assessment of the NZE solar home.
Based on the results obtained by the optimized simulation regarding the peak power of the
photovoltaic generator, the battery capacity, and the maximum power of the inverter, we assessed
the long-term economic viability and financial benefits of the NZE solar home by calculating and
analyzing the investment cost of the entire PV system and electricity bill prices. We highlighted
how quickly the initial investment in solar technology recovered through energy cost savings.

2. Modeling and sizing of the NZE solar home

2.1. Modeling and sizing of the PV solar generator

The efficiency of solar PV modules depends on the real environmental conditions; these
conditions include various factors such as temperature, sunlight intensity, shading, soiling, and
atmospheric conditions (Nwokolo et al. 2023; Hasan et al. 2022; Sauer et al. 2014). In order
to optimize the size of the photovoltaic system, the implementation of the real environmental
conditions effect was carried out using the mathematical model in a custom MATLAB code.
Several models have been published to present the effect of real environmental conditions (Singla
et al. 2016; Sauer et al. 2014; Durisch et al. 2007). In our study, the efficiency model developed
by W. Durisch is used; this mathematical model is based on the calculation of the efficiency of
a PV module as a function of temperature (T), solar irradiance (G), and the air mass (AM).
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The efficiency model (1, ) used is expressed by the Equation (1) (Durisch et al. 2007):

= S g’" 1+r T, os| AM | [ AM M (D
M =P G ) G, ) | T, am, |\ am,

where:
Ty, Goand AM,, — the three standard test conditions: T, = 25°C; G = 1000 W/m?2; AM,, =
=1.5,
Toy, — the PV module temperature [°C]; in this study, we take the average

daily PV module temperature per month and the average daily solar
radiation per month [W/m?].

The empirical coefficients (p, g, m, r, s, and u) vary depending on the type of photovoltaic
module and the materials used in its construction.

In this study, we chose Monocrystalline solar modules because they are more widely used
than Polycrystalline due to their higher efficiency, better performance, and competitive pricing.
According to (Durisch et al. 2007), the empirical coefficients for the efficiency model of
a Monocrystalline solar module are:

p=23.62;¢=-0.2983; m=0.1912; r =-0.09307; s =—0.9795; u = 0.9865; h = 0.028

The performance ratio of PV modules (PR, ) which represents the coefficient for PV
modules losses, is calculated using the following formula (Equation 2):

Ny,
PR,, = ()

.,
Npr,

where:
Npy . — theefficiency of PV module at standard conditions.
The ideal surface area for the PV generator A4, in square meters [m?] is calculated using
the following formula (Equation 3):

consumption

A =
"o E PR ®)

Radiation * PVy, * nPVmST

where:

Econsumption
Enadiation — the average daily energy of solar radiation per year [Wh/m?%/day/year].

the average daily energy consumption per year [ Wh/day/year],
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The peak power of a photovoltaic generator (PF,, ) is determined using the following
formula:

PP, (WC) =Apy, Mpy . -1000 4)

Where, the following formula is used to calculate the Performance Ratio of full PV system
13 PPPV\ i ’9:
PRy, =PR,, PR PRy (5)

other losses

PR iher 1osses — 1ncludes seasonal performance losses in the real system that cannot
be accurately predicted such as: (Soiling, Shading, Mismatch, Wiring,
losses at weak radiation),

PRpc.uc — the performance of DC-AC conversion.

The Number of PV modules N, can be calculated using the following formula:

PPPVG
N, pv, — PP (6)

PVoust

where:
PP

PVmSI'('

the peak power of a photovoltaic module (Wc), at STC standards (G = 1000 W/m?).

The Faiman model was used to assess the PV modules temperature at outdoor conditions
(Barykina et al. 2017).

G
T, =l u, + u, -Ws )
where:
T,,  — the PV module temperature [°C],
1, — ambient air temperature [°C],
ugy _ the constant heat transfer component [W/m?k],
u — the convective heat transfer component [W/m3sk] and Ws: is wind speed [m/s].
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2.2. Estimation of the load profile (household energy consumption)

The adopted approach in our study for the load profile prioritizes the comfort of the household
inhabitants without imposing restrictions on their level of energy consumption; this strategy
focuses on optimized energy planning that enhances comfort while promoting energy efficiency
and grid-friendly behavior. In this study, the load profile curve was predicted based on household
activities and time-dependent demand profiles. Since most homes in northern Algeria consist
of three to five rooms, we selected a four-room house as a representative model to reflect more
accurately the average household electricity consumption. The average daily consumption curve
for each month of the year was derived from a survey on household appliance usage among
several residents.

To model energy consumption, each household appliance was simulated in MATLAB
Simulink, with its usage linked to domestic activities. The energy consumption of each device
was determined based on its energy efficiency class, the duration of its usage, and the number
of household members engaging in energy-intensive activities. The power consumption of each
appliance was defined in terms of apparent power, considering its respective power factor.

Finally, the household consumption curve was modulated through the implementation of
a priority load strategy, as well as scheduling high-energy-consuming appliances based on solar
energy production and electricity demand levels on the grid.

2.3. Optimization algorithm for determining the peak power
of the PV generator

The proposed algorithm is based on iterative simulation runs to determine the optimal peak
power of the PV generator required to achieve net-zero electricity exchange with the grid over
the course of one year. The main flowchart of the optimization algorithm is presented in Figure 1.

2.4. Energy management system

In order to simulate the dynamic interactions of energy flow across multiple components
of the PV system, such as the PV modules, battery storage, and grid connection, the energy
management model was programmed using MATLAB, exploiting the capabilities of S-functions.
These S-functions provide a flexible way to implement different energy management algorithms,
enabling real-time control and the execution of complex management scenarios and strategies.
Figure 2 illustrates the main cases implemented in the management of energy flow in the NZE
solar home.
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— Loading: the average monthly load profile; the average monthly solar irradiance (G);
the average monthly ambient temperature (Ta); the average monthly wind speed (Ws)

v

— Inputs: standard test conditions and empirical coefficients: To; Go; AMo; NPVmstc; P
QG m;r;s;uh
— Inputs: the tolerated annual energy exported to the grid (Etolerated);
— Inputs: the incremental power value (Pinc) used to adjust the initial peak power of the PV

v

— Compute: the average annual energy of solar irradiance (Eradiation); the average annual

load consumption (Econsumption); the average annual Performance Ratio of full PV system

v

— Compute: Initial value of Peak power of PV generator (PPpy) using Equation 5

>y«

Run the simulation model for N interations: i=1: N

\4

Compute: the annual amount of energy exchanged with the grid (imported and exported):
Egrid=E1x31+E2x29+E3x31+E4x30+E5x31+E6x30+E7x31+E8%31+E9x30+E10x31+
E11x30+E12x31

Net metering
achieved

0< Egrid < Etolerated

< PP__=PP G-S-Pinc

VG PV PPPVG = PPPV — Pinc

Fig. 1. Flowchart of optimization algorithm for determining the peak power of the PV generator

Rys. 1. Schemat blokowy algorytmu optymalizacji stuzacego do okreslania mocy szczytowej generatora
fotowoltaicznego

The developed energy management system was adapted to optimize the consumption and
storage of energy as well as the import/export to the grid. For instance, during periods of high
solar output and low household demand, the algorithm prioritizes charging the battery and
sending excess energy to the grid during midday peak demand. Conversely, during evening
peak demand times, when solar generation is unavailable, the system ensures minimal or zero
electricity import by maximizing the use of stored energy from the battery and drawing energy
from the grid at night during off-peak demand periods.
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Initialization (Ppv, SOC, Pload, Pgid, Vrcc, Ta) |

v
| Priority loads |
v
| Load scheduling, peak shaving, load shifting | Demand side
v N=1 satisfied
| Calculate: AP=n,__-B, —P |
AP=0 Yes T

Yes
No Battery charging +
Yes (inject into on-grid (peak
- : the grid) hours)
On-grld and/.or. Pgrid= AP AP — Pbai =Ppv excess
battery charging PP
(where absence o | NO—~peak demand grid = TPV excess
weak sunlight) period Yes
Pgrid = Pioaa + Prat
On-grid (draw from On-grid mode Off-grid
the grid) (draw from the mode
Proaa = Ninv - Ppv + Pgrid grld) Pioad = Ppat
Pioad = Pgria
v N=N+1 v v

Fig. 2. Flowchart illustrating the main algorithm for managing energy flow between the photovoltaic (PV) source,
battery storage, electrical load, and the grid

Rys. 2. Schemat blokowy ilustrujacy gtowny algorytm zarzadzania przeptywem energii mi¢dzy
zrodlem fotowoltaicznym (PV), akumulatorem, obciazeniem elektrycznym i siecig energetyczna

Furthermore, the system was adapted to the potential implementation of dynamic electricity
pricing in the future, which would change according to the typical daily load curve of the Algerian
electricity grid. The management system for electricity exchanged with the grid was programmed
based on the peak and off-peak demand periods that correspond to fluctuations in electricity
pricing, where lower prices apply during off-peak hours and higher prices during peak hours.

Through this dynamic energy management strategy, the system can achieve a balance between
energy efficiency, cost reduction, and grid stability, while also promoting the use of solar energy.
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2.5. Presentation of the NZE solar home simulation model

To evaluate the performance of our optimal operating strategy and conduct an economic
assessment of the NZE solar home, an NZE solar home model was developed. This model,
created in the MATLAB Simulink environment, does not use physical power electronic converter
models; instead, the inverter is represented by a model that shows its losses. The comprehensive
model includes all essential components, such as a solar PV generator, battery, electrical network,
load profile, and the management system. The S-Function was used to implement the algorithms
for managing energy from PV production, the battery, load consumption, and interactions with
the utility grid.

The model takes into account factors representing conversion losses in the overall system,
such as solar irradiance, temperature, efficiency of the inverter and battery, cable losses, as well
as the effect of other system losses representing performance losses in a real system (Ghosh et
al. 2022; Fan et al. 2021).

Figure 3 presents the complete simulation model, which includes all essential components
such as the solar PV generator, battery storage, electrical grid, load consumption (home
appliances), and energy management system algorithms implemented using S-Functions (grid
and battery management and load management).

PV_grid_battery_management

S-Function: grid and
battery management

I

AAAAAA

inverter & discharge charge
loss loss loss

FE— F.

S-Function: Load
management

i Battery

A

DC cable loss

home appliances|
appl 1
R0 2
appl 3

. appla
appl 5
appl 6
appl 7

Solar_radiation

/Ambient_Temperature Inverter losses

EEEENA

PV Generator

Fig. 3. Simulation model developed using MATLAB-Simulink for a NZE home powered by a PV generator

Rys. 3. Model symulacyjny opracowany przy uzyciu MATLAB-Simulink dla domu NZE zasilanego generatorem
fotowoltaicznym
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Solar Radiation (W/m?)

3. Results and discussion

3.1. Assessment of the efficiency of PV modules under real environmental
conditions

To evaluate the proposed energy management strategies and verify the results, simulation
tests were carried out using the developed model. The study uses the Tipaza region in northern
Algeria as a case study.

To increase the accuracy of our simulation model, the average monthly solar radiation
and ambient temperature data obtained from the online database PVGIS (PVGIS 2024) were
resampled to a time step of At =1 s. Wind speed data, representing the average daily variation
per month, were obtained from the online platform “Global Wind Atlas” (GWA 2024).

The curves of the average monthly total daily solar radiation and energy are shown in
Figures 4(a) and 4(b), respectively, where the time between (0—24 hours) presents the first month
(January), between (24—48 hours) presents the second month (February), and so on.
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Fig. 4. (a) Daily variation of the average monthly solar radiation [W/m2/day/month]; (b) Daily evolution of the average
monthly solar radiant energy [kWh/m?/day/month]

Rys. 4. (a) Dzienne wahania $redniego miesigcznego promieniowania stonecznego [W/m?/dzien/miesiac]; (b) Dzienne
zmiany $redniej miesigcznej energii promieniowania stonecznego [kWh/m?/dziefn/miesiac]

Figures 5(a) and 5(b) show, respectively, the daily variation of average monthly PV modules
temperature evaluated using the Faiman model. As well as the daily variation of the average
monthly Performance Ratio ( PR,, ) evaluated using the W. Durisch model.

The results observed that the efficiency of the PV module decreases with increasing
temperature, which leads to a significant reduction in the efficiency of the entire photovoltaic
system. If we take the month of August as an example, as shown in the figure, we see that the
efficiency of PV modules’ decreased from 88% to 77% (a decrease of 11%) throughout the
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Fig. 5. (a) Daily variation of the average monthly ambient temperature and PV modules temperature (b) Daily variation
of the average monthly Performance Ratio of the PV system

Rys. 5. (a) Dzienne wahania $redniej miesigcznej temperatury otoczenia i temperatury modutow fotowoltaicznych (b)
Dzienne wahania $redniego miesi¢cznego wspotczynnika wydajnosci systemu fotowoltaicznego

midday period (10:30 a.m.—2:00 p.m.). Consequently, the efficiency of the entire PV system
decreased by up to 64% during this period, where this period corresponds to the sunniest time
of the day, which greatly affects the performance of the photovoltaic installation and causes
a reduction in the power generated by the PV generator.

Therefore, the hourly evaluation of PV modules performance throughout the day is crucial
for the optimal sizing of the photovoltaic system, as it provides detailed insights into how the
system responds to varying solar conditions. This approach ensures a cost-effective and energy-
efficient PV system design by avoiding oversizing and undersizing, thereby achieving an optimal
balance among PV generation, storage capacity, and grid exchange.

3.2. Presentation of the optimized load profile curve

Figure 6 shows the daily variation of the average monthly load profile (household
consumption), evaluated using both priority-based and optimal scheduling strategies. These load
profile curves offer valuable insights into the patterns and dynamics of daily household energy
use. The time intervals are as follows: 0—24 hours represent the first month (January), 2448
hours represent the second month (February), and so on.

The results demonstrate the effectiveness of the optimized scheduling approach, which
reflects a demand-side management (DSM) strategy that integrates user comfort, solar energy
availability, and grid interaction. The consumption load profile in Figure 6(a) is varied based on
solar energy production and the electricity demand levels on the grid. Furthermore, this optimized
planning enhances the self-consumption rate and reduces the need for additional energy storage
or grid dependency, making the system more cost-effective and playing a key role in achieving
net-zero electricity goals while maintaining user satisfaction and comfort level.
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Fig. 6. (a) Daily variation of the average monthly household electric power consumption curve (load demand);
(b) Daily evolution of the average monthly household electrical energy consumption curve (load demand)

Rys. 6. (a) Dzienne wahania $redniej miesigcznej krzywej zuzycia energii elektrycznej przez gospodarstwa domowe
(zapotrzebowanie na moc); (b) Dzienne zmiany s$redniej miesigcznej krzywej zuzycia energii elektrycznej przez
gospodarstwa domowe (zapotrzebowanie na moc)

The curves in Figure 6(b) illustrate how average monthly electricity consumption varies
throughout the day, highlighting both seasonal and behavioral trends in energy demand. This
seasonal variation shows our dynamic energy planning approach, which takes into account
climatic factors, user behavior, and appliance usage patterns.

These curves show a significant increase in electricity consumption during the summer
season, primarily due to high ambient temperatures and the intensive use of air conditioning
systems to maintain indoor comfort. In contrast, electricity consumption tends to be lower in
winter, as most residents rely on gas-based heating systems, such as gas heaters, which substitute
electrical heating and thus reduce the overall electrical load. The spring and fall months feature
mild and stable climates, thereby reducing the need for both cooling and heating. Consequently,
electricity consumption is lower during these transitional seasons, where these periods offer
ideal conditions for maximizing the self-consumption of photovoltaic production and achieving
net metering, as energy demands are minimal while solar generation can still be considerable,
especially in spring.

3.3. Electrical power balance simulation results

The net energy balance of the NZE solar home was determined by comparing energy
consumption with solar PV production, where the interactions of the system with the grid allowed
the evaluation of net metering. This energy balance highlights the importance of the methodology
and energy management techniques used to optimize the use of the electricity produced and to
adjust consumption levels according to the PV energy produced, the peak consumption hours,
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and off-peak hours. The simulation results clearly demonstrate the effectiveness of the proposed
strategy and energy management algorithms.
Table 1 presents the parameters of the full PV system components found with optimal sizing.

TABLE 1. Parameters of the PV system components

TABELA 1. Parametry elementow systemu fotowoltaicznego

PV system parameters Values
Peak power of PV generator [kWp] 3.750
Battery capacity [kWh] 5.578
Maximum apparent AC power of PV inverter [kVA] 4.0

Source: own elaboration.

Figures 7 and 8 present the output data for daily variations of the average monthly electrical
power of the NZE solar home photovoltaic system, simulated by the developed model.
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Fig.7. Average monthly power variation over the year for PV generator output, load demand, battery usage, and grid
interaction. Positive values for the battery indicate discharging, while negative values indicate charging. For the grid,
positive values represent imported power, and negative values represent exported power.

Rys. 7. Srednia miesi¢czna zmienno$é mocy w ciggu roku dla mocy wyjsciowej generatora fotowoltaicznego,
zapotrzebowania na obciazenie, zuzycia baterii i interakcji z siecig. Dodatnie warto$ci dla baterii oznaczaja
roztadowanie, natomiast ujemne wartosci oznaczaja tadowanie. W przypadku sieci dodatnie wartosci oznaczaja
importowang moc, a ujemne wartosci oznaczaja eksportowana moc.

As illustrated in Figures 7 and 8, which show the daily power variation of PV generator
output, load demand, battery, and grid interaction, we observe a well-optimized energy
management approach. High-energy-consuming appliances are scheduled to align with periods
of high solar generation, ensuring maximum PV self-consumption and reducing dependence on
the grid during peak hours.
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Fig. 8. Example of phases of daily operation: (a) during the month of January (winter),
(b) during the month of August (summer)

Rys. 8. Przyktadowe fazy codziennej eksploatacji: (a) w styczniu (zima),
(b) w sierpniu (lato)

Our strategy also prioritizes battery charging during the initial hours of solar radiation by
utilizing surplus PV energy. This approach ensures maximum battery storage before critical
consumption periods. Once the battery is fully charged, any excess solar energy is exported to
the grid during midday peak demand, helping to reduce stress on the grid.

In the evening, when solar production stops and grid demand typically increases, the system
operates autonomously. The battery discharges to meet the household’s energy needs, minimizing
or eliminating the need to import electricity from the grid.

Table 2 demonstrates the effectiveness of our strategy for making the NZE solar home more
efficient, where it shows the instantaneous powers supplied by the NZE solar home during peak
hours for summer and winter seasons. These findings were extracted from the curves in Figure 7.

TaBLE 2. Average daily electric power supplied by NZE home during peak hours

TaBELA 2. Srednia dzienna moc elektryczna dostarczana przez dom NZE w godzinach szczytu

Monthly average daily electric power [kW] August [kW] January [kW]
Supplied by PV inverter (PV generator) during midday peak hours (12:30
2.371 1.840
p-m.—4:30 p.m.)
Injected in the grid during midday peak hours (12:30 p.m.—4:30 p.m.) 0.433 0.641

Supplied by battery during evening peak hours (5:30 p.m.—10:30 p.m. in winter

and 07:00 p.m—11:30 p.m. in summer) 0422 0411
Supplied by battery during morning peak hours (6:30 a.m—08:00 a.m.) 0.319
Supplied by PV inverter (PV generator) during morning peak hours (6:00

0.851 0.707
a.m—10:00 a.m.)

Source: own elaboration.
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The analysis of the power supplied by the PV inverter and battery during peak hours in
different seasons shows the seasonal performance of the proposed efficient strategy for operating
the NZE solar home. In August, the PV inverter supplies significantly more power during midday
peak hours (2.371 kW) compared to January (1.840 kW), reflecting the higher solar irradiance
and longer daylight hours in summer. Additionally, during the same period in August, surplus
energy (0.433 kW) is injected into the grid, highlighting the home’s ability to produce more
energy than required.

3.4. Net-Metering evaluation

To validate the performance of the proposed NZE solar home and confirm that it meets net-
zero electricity criteria, a detailed annual net-metering analysis was conducted. This evaluation
aims to demonstrate that, over the course of one year; the total electrical energy generated by
the PV system is equal to or exceeds the total energy consumed by the household, based on the
adopted operational strategy.

The figure above (Fig. 9) illustrates the daily evolution of average annual electrical energy
across the key components of the system, including solar production, household consumption,
battery storage activity, and grid interaction (export/import).

Based on the simulation results, in this figure, the daily evolution of average annual energy
distribution across different components of the NZE solar home is as follows: the photovoltaic
generator produces 17.27 kWh, while the household’s energy consumption is 14.42 kWh. After
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Fig. 9. Daily evolution of the average annual electric energy in different component of the PV system

Rys. 9. Dzienne zmiany $redniego rocznego zuzycia energii elektrycznej w réznych elementach systemu
fotowoltaicznego
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accounting for inverter efficiency, the PV system delivers 16.32 kWh. Where, the net metering of
grid interaction shows that 0.159 kWh of excess energy is injected into the grid daily, resulting in
a total annual surplus (net-metering) of 58.56 kWh. These results confirm that the home operates
as a net-zero electricity consumer on an annual basis and maintains a positive energy balance
throughout the year.

The evolution curves of the average daily energy per month that is exchanged with the grid
are presented in the following figure (Fig. 10).
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Fig. 10. Daily variation of the average monthly electrical energy exchanged with the grid (import/export). The negative
value indicates power injected into the grid (export), corresponding to a positive balance; conversely, a positive value
indicates power drawn from the grid (import), corresponding to a negative balance.

Rys. 10. Dzienne wahania $redniej miesi¢cznej energii elektrycznej wymienianej z siecig (import/eksport). Warto$é
ujemna oznacza energi¢ wprowadzong do sieci (eksport), co odpowiada dodatniemu saldu; natomiast warto$¢ dodatnia
oznacza energi¢ pobrang z sieci (import), co odpowiada ujemnemu saldu.

The direction of energy variation in these curves (Figs 10 and 11) determines the status
of the grid’s electricity flow and the operation mode of the NZE solar home. The upward and
downward curve indicates the operation is on-grid, where the upward curve indicates that the
grid is supplying electricity to the home appliances, while the downward curve signifies that the
solar home is injecting surplus electricity into the grid. If the curve remains constant, it indicates
that the house is in autonomous mode operation.

The seasonal energy balance study is based on PV output and load demand for each season.
Figure 10 shows that the balance is positive in winter, spring, and autumn but negative in summer.
Consequently, our grid-tied net-zero solar home exports excess power to the grid during midday
in all seasons, then imports electricity during off-peak hours under net metering policies, while
maintaining a positive balance during midday peak hours.

As shown in Figure 10, the daily net-metered energy is 0.159 kWh/day, which corresponds
to an annual net-metering value of approximately 58.04 kWh/year.
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Fig. 11. Daily variation of the average annual electrical energy exchanged with the grid (import/export)

Rys. 11. Dzienne wahania $redniej rocznej energii elektrycznej wymienianej z siecia (import/eksport)

Knowing that, the optimized peak power of the PV generator (3.75 kWp) is sufficient to
meet the net-zero electricity target during one year of operation. However, to consider net-zero
metering over 25 years, it is essential to consider the gradual degradation of PV modules, which
directly affects long-term energy production.

Depending on the panel technology, the region, and environmental conditions, the high-
quality monocrystalline silicon (mc-Si) PV modules have an average degradation rate of —0.5%
per year (Deline et al. 2024; Theristis et al. 2023). Where, over this period, the PV output may
decline by —12.5%. This reduction is included in the estimation of the total investment cost
of the PV system to ensure continued net-zero electricity performance over the long term.
Consequently, an additional power of 468.75 W was added to the initially calculated peak power
of the generator (3.75 kWp), which corresponds to 12.5% of 3.75 kW. The actual peak power
of the PV generator should therefore be 4.218 kWp. As shown in Figure 11, in the first year,
with this peak power, the excess energy injected into the grid is estimated at 2.53 kWh/day
(923.45 kWh/year). This energy output gradually decreases each year due to the natural
degradation of the PV modules, reaching approximately 0.159 kWh/day (58.04 kWh/year) after
25 years of operation, when the effective peak power of the PV generator is reduced to 3.75 kWp.

3.5. Evaluation of the performance of the battery energy management system

For energy storage, a lithium battery was used, as it is more suitable for NZE homes,
offering a longer lifespan, higher efficiency, and greater depth of discharge, despite its higher
initial cost.
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The solar PV battery management involves controlling the charging (SOC) and discharging
(DOD) of the battery to extend its lifespan and efficiency. This is achieved using a battery
management system that optimizes charging and discharging processes based on solar conditions,
energy load demand, and grid interaction.

The evolution curves of the average daily energy per month for the battery and the State Of
Charge (SOC) have been presented in the following figures (Figs 12 (a) and (b)).
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Fig. 12. (a) Daily variation of the average monthly energy of battery, (b) Monthly variation of the State of Charge
(SOC) of the Battery

Rys. 12. (a) Dzienne wahania $redniej miesigcznej energii akumulatora, (b) Miesigczne wahania stanu natadowania
(SOC) akumulatora

The results show that, during all seasons, the battery charges based on relative variations in
PV production and load demand (consumption). When the battery is fully charged (SOC =95%),
excess energy is returned to the grid during midday peak hours, then it discharges during
evening peak hours, and the system switches from on-grid to off-grid state, when the battery
is discharged to a state of charge = 40% and the peak hour period is over, the system returns
to the connected state. During the winter season, the battery discharges (to minimum state of
charge = 25%) during morning peak hours until sunrise, and the system switches from on-grid
to off-grid state, then the battery disconnects, the load is powered by the PV generator, and
the system returns to the on-grid state. However, in the event of absence or weak sunlight,
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it is possible to recharge the solar battery from the grid during periods of lower electricity
demand (off-peak hours). This stored energy is then used during peak hours to power the
home’s electrical needs.

3.6. Investment cost estimation and long-term economic evaluation

Given the current absence of regulations allowing Algerian households to feed excess
photovoltaic electricity into the grid, assessing cost savings requires a different approach than
in countries with net metering or feed-in tariff systems. Therefore, the current economic benefit
of adopting NZE solar homes comes solely from offsetting their own long-term electricity bills,
assuming the same price per kWh for both imported electricity from the grid and exported solar
PV electricity to it.

As we know, the cost of a kilowatt (kW) for a solar photovoltaic (PV) system integrated with
an energy storage system in a building varies depending on the technologies used for each key
component. High-quality PV system components have been selected for the NZE Solar Home to
ensure optimal performance, durability, and long-term efficiency.

The prices shown in Table 3 are sourced from specialized online supplier websites that offer
a wide range of products using different technologies, as well as services related to photovoltaic
solar energy systems (Alma Solar 2024; Solar Electric Supply 2024). This includes solar

TaBLE 3. Estimated average investment cost of the entire PV system over 25 years

TABELA 3. Szacunkowy sredni koszt inwestycji w caly system fotowoltaiczny w ciggu 25 lat

Cost
PV system components Cost [USD] [U SI;)/skW]
PV Generator: 4.218 kWp (a set of 10 SUNPOWER P7 monocrystalline solar 1.969.50 466.92
modules, each rated at 428 W); warranty 25 years
Battery Energy Storage System (Brand SOLAX POWER Lithium battery: 5.8 kWh;
o 2,594.96 447.4
lifetime: up to 8,000 cycles, and up to: 25 years); warranty 10 years
Residential Hybrid Single-Phase PV Inverter (SMA inverter Sunny Boy SMART 210452 526.13
ENERGY 4.0KW, AC; output); warranty 10 years o '
Mounting structure installation 500.00 0.1185
Balance of System (BOS) Components: wiring, junction boxes, combiner boxes,
. 700.00 0.1660
fuses, breakers, and other electrical components
Labor costs 750.00 0.1778
Total investment cost without VAT 13,318.00 2,845.90
Total investment cost with VAT (19%) 15,848.00 3,386.70
Initial investment cost without VAT 8,619.00 1,860.40
Initial investment cost with VAT (19%) 10,257.00 2,213.90

Source: Alma Solar 2024; Solar Electric Supply 2024.
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panels, inverters, batteries, mounting hardware, and other components needed to produce solar
photovoltaic energy in the residential sector.

Table 3 presents the estimation of the overage investment cost of the entire PV system over
25 years.

Since both the hybrid PV inverter and the lithium solar battery have a 10-year warranty, their
costs were factored twice into the total investment cost to reflect the probability of needing to
replace them over the system’s 25-year lifetime.

To analyze and discuss this investment cost figure, it is necessary to compare it with the
electricity bills that the owner of this home would have to pay over 25 years. This involves adopting
the current government subsidized price as well as the real price without government subsidy.

In Algeria, the average electricity price with government subsidies is 0.04 USD/kWh for
residential users (Global Petrol Prices 2025). However, the actual cost of a kilowatt-hour
(kWh) of electricity without government subsidies exceeds 16 DZD/kWh, or approximately
0.12 USD/kWh (Algeria Press Service 2021). Therefore, the government provides a subsidy of
approximately 0.08/kWh.

The following formula is used to calculate the electricity bill prices estimated over 25 years.

Electricity bills prices = E

consumption

-365 25 - Electricity price (8)

where:

E the household’s average daily energy consumption (demand).

consumption
From Figure 8, we find that, E.,,,s,mprion = 14.4252 kWh/day.
The annual energy consumption (demand) is then equal to:
14.4252 - 365 = 5,265 kWh/year.
The average cost per kilowatt-hour (kWh) of electricity generated by the PV-BES system,
resulting from an investment in a NZE solar home over 25 years, is calculated as follows:

_ NZE Solar home estimated cost
KWh from PV E 365 X 25

consumption

Cost

©)

Therefor:

4 the electricity bill prices estimated over 25 years, with government subsidies with VAT
included, are: subsidized electricity bills prices = 5,265 -25 - 0.04 = 5,265 USD;

4 the electricity bill prices estimated over 25 years without government subsidies, are:
unsubsidized electricity bills prices = 5,265 - 25 - 0.12 = 15,795 USD;

4 the subsidy provided by the government is then equal to 10,530.00 USD;

4 the PV electricity cost from the total investment cost with VAT is equal to 0.1204 USD/kWh.
Based on these data findings in Table 3, the estimation of net initial investment costs can

provide greater insight into our strategy to identify the most effective solution for promoting

the adoption of NZE solar homes. Therefore, we calculate the net investment cost over 25 years

using the following formula:
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Net investment cost = investment cost — subsidized electricity bills prices (10)

We then find:
4 the initial net investment cost of the NZE solar home, including VAT, is equal to:
10,257.00 — 5,265.00 = 4,992.00 USD;
4 the initial net investment cost of the NZE solar home without VAT, is equal to:
8,619.00 — 5,265.00 = 3,354.00 USD.
Table 4 provides a comparison of the calculated electricity bill prices with the net investment
cost for a net-zero energy (NZE) solar home over a 25-year period.

TABLE 4. Estimated of the initial net investment cost

TABLE 4. Szacunkowy poczatkowy koszt netto inwestycji

Initial net investment cost Cost [$]
Electricity bill prices at government-subsidized rates, with VAT included 5,265.00
Electricity bills at real price without government subsidies 15,795.00
The subsidy provided by the government 10,530.00
Initial net investment cost of the NZE solar home, including VAT 4,992.00
Initial net investment cost of the NZE solar home without VAT 3,354.00

Source: own elaboration.

From the results in Table 4, it is evident that the adoption of NZE solar homes, particularly with
areduced netinitial investment cost of 3,354.00 USD (excluding VAT), presents a highly cost-effective
alternative for the government. This amount represents only about a third of the 10,530.00 USD in
government subsidies typically allocated for grid electricity over a 25-year period.

Therefore, we consider this finding one of the most sensible and practical solutions for
the government, by covering this initial investment, an expense that is significantly less than
the long-term financial burden of subsidizing electricity bills. The adoption of a single NZE
solar home is estimated to result in savings of 7,176.00 USD over 25 years, representing a 68%

reduction in government subsidies.

3.7. Comparison of the present study with previous research on
integrating PV-BES systems

Table 5 presents a comparative analysis of the present study with similar studies that
integrated PV-BES systems and were conducted in Mediterranean regions, including Izmir in
Tiirkiye and Morocco from the North African region (Forrousso et al. 2024; Eksi et al. 2025).
This analysis provides valuable insights into effective design strategies, energy management
practices, investment costs, and supportive policy frameworks for achieving energy neutrality.
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TaBLE 5. Comparison of the present study with similar studies integrating PV-BES systems and conducted
in the Mediterranean and North African region

TABELA 5. Poroéwnanie niniejszego badania z podobnymi badaniami dotyczacymi systemoéw PV-BES
przeprowadzonymi w regionie Morza Srodziemnego i Afryki Potnocnej

Authors Main objectives, methods, findings, and policy context

4 Achieving net zero electricity residential building using PV-BES-grid (PV/Battery system ensured
100% of annual electricity demand).

4 Conducting a techno-economic analysis to get cost-effective NZE solutions.

4 Optimizing the sizing of solar photovoltaic systems.

4 Implementing an efficient energy management strategy by considering long-term interaction with
the grid.

4 The use of natural gas for cooking, space heating, and water heating during peak demand periods.

4 An estimated 68% reduction in government electricity subsidies over 25 years.

4 The investment cost of 15,848.00 (with VAT included) leads to an electricity cost of
approximately 0.1204 USD/kWh over 25 years.

4 Reducing strain on the national power grid by supplying, on average, 0.433 kV to the grid during

midday peak hours in summer.

Encourages the transition to renewable energy consumption in residential buildings.

Supports Algeria’s strategy for low-carbon and reform energy subsidies.

The present
study by the
authors

++

+

Achieving net zero energy residential building using a hybrid system BIPV with PV-BES system
by determining the optimal sizing of PV, BIPV, and battery systems.

Minimize Total Annualized Cost (TAC).

Optimizing system sizing using the Particle Swarm Optimization algorithm.

Employing a hybrid system that combines PV, BIPV, and battery storage.

The levelized cost of energy ranges from 0.366 USD/kWh (Ouarzazate) to 0.664 USD/kWh (Ifrane).
Lowest cost (TAC: 600.152 kUSD, LCOE: 0.425 USD/kWh) was achieved in Rabat (moderate
climate).

BIPV increases the load cover factor by 0.68-2.58%.

Integration of BIPV reduces Levelized Cost of Energy (LCOE) by 8.7-20.72%.

Supports Morocco’s strategy for low-carbon and energy-autonomous housing.

Reducing pressure on centralized grids.

Forrousso
et al. 2024

R

+ e+

Study of the techno-economic and environmental feasibility for achieving net zero energy
residential building using PV-BES-grid.

Improved insulation and building envelope using passive efficiency.

Replacing natural gas with active heating systems.

Modelling energy efficiency scenarios using Design Builder (DB) software and system
optimization with HOMER Grid software.

Reference consumption: 177.55 kWh/m?/year,

Scenario 2: 72% reduction in primary energy and 99.1% reduction in CO,.

Support Tiirkiye’s 2053 net-zero emissions goal and reduce household energy consumption
and CO, emissions.

4 Reducing reliance on imported natural gas for electricity production.

++ 4

Eksi et al.
2025

++ 4
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3.8. Limitations of the study

Although the proposed strategy offers a promising solution to increase the adoption of
renewable solar energy buildings in northern Algeria, its success depends on overcoming several
key constraints that may limit its long-term effectiveness.

NZE solar buildings in this country could face challenges. One of the most significant
constraints is the reliance on idealized assumptions about household behavior, such as stable
energy consumption patterns and active involvement in effective energy management practices.
These assumptions may be difficult to guarantee in practice without strong community awareness
campaigns and effective incentive programs. Another constraint is the initial investment, which
corresponds to the cumulative electricity costs over a 25-year period, and may be financially
inaccessible to low-income households unless installment payment schemes are available.

In addition, the current electrical grid infrastructure may not be sufficiently prepared to
handle the growing share of locally generated solar energy. This calls for technical upgrades
and substantial investment in smart grid technologies to ensure system stability and efficient
energy integration.

Another major challenge is the long-term maintenance and replacement of key system
components, such as solar batteries, PV inverters, and the regular cleaning of solar panels.
Without proper maintenance, the efficiency of the PV system can significantly reduce, and the
risk of premature component failure and unexpected replacement costs substantially increases.

Conclusions

This study highlighted the feasibility and importance of both policy measures and
technological investments for the development of future NZE solar buildings in northern Algeria,
aiming to accelerate progress toward energy sustainability. The research conducted in this study
relied on a methodology combining optimal sizing of solar energy systems with advanced energy
management strategies to achieve long-term net-zero energy performance while reducing net
initial investment costs.

The results of this research provide a practical solution to support the development of net-zero
electricity solar homes and to facilitate the conversion of a large number of existing buildings in
northern Algeria into net-zero electricity through the integration of PV-BES systems. To clarify
this vision, the adoption of the proposed optimal operating strategy with conversion of 422,000
existing homes to net-zero electricity could generate, during maximum peak demand times at
midday in summer (example: August), an amount of net electrical energy equivalent to that
produced by conventional power plants using fossil fuels and with a capacity of 1 GW. This
avoids the use of carbon-intensive fossil fuel generators to prevent disturbances and involuntary
disconnections during these peak hours.
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Therefore, increasing the number of NZE solar homes across northern Algeria by adopting
the proposed strategy helps reduce strain on the national power grid during peak demand
periods, decreases reliance on traditional energy sources, and reduces electricity losses that
occur during transmission and distribution. Additionally, it significantly reduces the financial
burden of electricity subsidies on the Treasury. Each NZE solar home would save approximately
7,176 USD over 25 years in avoided subsidies. If 422,000 existing homes were converted, the
total expected savings would be approximately 3.028 billion USD over 25 years.

These findings help the government develop a long-term strategy to gradually phase out grid
electricity subsidies and reduce the fiscal burden associated with them. Subsidizing the initial
net investment costs of NZE solar homes will create a just energy transition pathway that aligns
with long-term sustainability goals. The strategy would also encourage more homeowners to
adopt solar energy in their residential buildings. Where our study has illustrated to residents
the importance of accepting this approach in the long term by reducing or eliminating their
electricity bills. Moreover, the study demonstrated the importance of ensuring a continuous
supply of electricity to their homes throughout all times of the day and year, thus avoiding
the frequent power outages that occur during periods of peak consumption and severe weather
disturbances.

In future work, the integration of advanced energy pricing models, such as time-of-use or
dynamic tariffs, can allow for a more accurate assessment of the economic viability and payback
period of NZE solar homes. Additionally, a hybrid renewable energy strategy, combining solar
PV, wind power, and hydrogen storage (PV + wind + hydrogen storage), can complement PV-
BES systems to enhance the reliability of Net Zero Energy buildings. This approach would thus
contribute to the complete elimination of natural gas use in household activities, the extension
of autonomous operating time, and the reduction or even elimination of dependence on the
electricity grid.
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Optymalna strategia eksploatacji budynku z zerowym zuzyciem
energii elektrycznej, zasilanego energia stoneczng, dla
zrbwnowazonej przysztosci energetycznej: studium przypadku
z p6tnocnej Algierii

Streszczenie

Ogromny potencjat stoneczny Algierii podkresla potrzebe przyjecia strategii pomagajacych w inte-
gracji energii stonecznej w budynkach mieszkalnych, aby sprosta¢ rosnagcemu zuzyciu energii i ztagodzi¢
presje finansowa spowodowang dotacjami energetycznymi. W niniejszym artykule przedstawiono badanie
dotyczace optymalnej strategii operacyjnej i analizy ekonomicznej dla budynkéw mieszkalnych, majace
na celu osiagnigcie zerowego zuzycia energii elektrycznej netto (NZE) poprzez optacalne rozwiazania.
Metodologia obejmuje opracowanie wysokowydajnego modelu symulacyjnego dla doméw stonecznych
NZE. Model ten integruje kilka algorytméw zaprojektowanych w celu optymalizacji wymiardw systemu
fotowoltaicznego (PV) i wdrozenia efektywnej strategii zarzadzania energia. Wyniki pokazuja, ze optymal-
na moc szczytowa PV wynoszaca 4,218 kWp i pojemnos¢ akumulatora wynoszaca 5,578 kWh prowadza
do rocznej nadwyzki energii netto wynoszacej okoto 58 kWh i kosztu energii elektrycznej wynoszacego
0,1204 USD/kWh, wynikajacego z inwestycji w dom solarny NZE. Srednio system dostarcza 0,433 kW
do sieci w godzinach szczytu w potudnie w okresie letnim, zachowujac petlna autonomi¢ elektryczng
w godzinach szczytu wieczornego. W zwiagzku z tym proponowana optymalna strategia maksymalizuje
wykorzystanie energii stonecznej PV i minimalizuje zalezno$¢ od energii elektrycznej z sieci. Zapewnia
réwniez zerowy bilans energii elektrycznej, uwzgledniajac dlugoterminowa interakcje z siecig. Ponadto
szczegbOtowa analiza kosztow 1 korzysci wykazuje potencjalne oszczedno$ci w wysokosci 7176,00 USD na
gospodarstwo domowe, co stanowi 68-procentowa redukcje rzadowych dotacji energetycznych w okresie
25 lat. Wyniki te stanowia praktyczny plan dziatania dla wdrozenia na szeroka skalg doméw o zerowym
zuzyciu energii w Algierii, pomagajac zmniejszy¢ obcigzenie sieci energetycznej i finansowe obciazenie
zwigzane z dotacjami energetycznymi, a jednocze$nie przyczyniajac si¢ do redukeji emisji CO,.

Stowa KLUCZOWE: budynki solarne NZE, dobor wielko$ci instalacji fotowoltaicznej, zrOwnowazona
energia, optymalne planowanie, efektywne zarzadzanie energia



