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Abstract —Accurate solar energy irradiation data are essential for the design, optimization, and
performance evaluation of photovoltaic systems. Given the frequent scarcity of high-resolution
ground-measured data, reliable estimation techniques are critical. This study validates and
compares the empirical models of Perrin de Brichambaut and Capderou for predicting global
solar irradiation on an inclined plane, using a case study at the OUED-NECHOU Photovoltaic
Center in Ghardaia, Algeria. The analysis utilizes high-resolution experimental measurements
recorded at 4-minute intervals under clear-sky conditions on the 15th of four representative
months in 2023 (January, May, July, and October). Furthermore, the influence of meteorological
variables, such as relative humidity and wind speed, on irradiation variability is assessed. Model
reliability isevaluated through a robust statistical framework, including Mean Bias Error (MBE),
Root Mean Square Error (RMSE), Mean Absolute Percentage Error (MAPE), and Correlation
Coefficient (CC), supplemented by temporal absolute error (AE) analysis. The results indicate that
while both models provide acceptable estimations of global solar energy irradiance, the Perrin de
Brichambaut model consistently demonstrates superior performance compared to the Capderou
model. This is confirmed by high correlation coefficients (CC) ranging from 0.89 to 0.96 and
lower RMSE values (4.77 to 7.02 W/m?), highlighting the model's suitability for enhancing
photovoltaic system planning in Saharan climates.
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I. Introduction

The rapid global transition toward sustainable energy
systems has positioned solar energy as a cornerstone of
the modern power sector. Given the urgent need to
mitigate climate change and reduce reliance on fossil
fuels, the effective utilization of solar resources has
become a global priority. Accurate solar irradiation data
are fundamental to this effort; they are essential for the
site selection, design, system sizing, optimization, and
real-time performance assessment of photovoltaic (PV)

and solar thermal installations. Furthermore, precise solar
modeling is indispensable for broader climatological
research, environmental impact assessments, and the
planning of resilient energy infrastructures. Despite this
critical importance, the availability of long-term, high-
quality measured solar radiation data remains
significantly restricted in many parts of the world. This
data scarcity is primarily attributed to the high capital
and operational costs of precision radiometric
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instrumentation, the complexity of maintaining
sophisticated equipment in remote environments, and the
historically ~sparse distribution of ground-based
measurement  stations  [1].  Consequently, the
development and rigorous validation of reliable solar
radiation estimation models which rely on readily
available meteorological parameters—have emerged as a
central research focus within the solar energy discipline.
To overcome the inherent limitations of sparse
measurement networks, researchers have developed an
extensive spectrum of empirical, semi-empirical, and
data-driven models tailored to diverse climatic
conditions. In regions characterized by limited solar data,
sunshine-duration-based empirical models have been
frequently applied to estimate monthly mean daily global
solar radiation, demonstrating robust predictive
capability [2]. Comparative studies across varied
climates have further refined these efforts; for example,
investigations into diffuse solar radiation modeling have
consistently indicated that multi-variable approaches
generally outperform single-variable methods, with
model performance being heavily dictated by local
atmospheric and climatic characteristics [3]. Moreover,
comprehensive reviews evaluating hundreds of empirical
and machine-learning-based techniques highlight a
consistent trade-off: while advanced data-driven models
frequently achieve superior predictive accuracy, they
often demand significantly higher computational
resources and extensive historical datasets compared to
simpler, classical empirical frameworks [4].

In the specific context of Algeria, which possesses one of
the highest solar potentials globally, several studies have
focused on validating and comparing various solar
radiation models under local Saharan climatic conditions.
Previous academic work comparing the Capderou, Perrin
de Brichambaut, and Hottel models using measured data
from various Algerian sites identified the Perrin de
Brichambaut and Capderou models as particularly well-
suited for providing accurate estimates in this specific
arid context [5]. Other studies focused on clear-sky
radiation across diverse Algerian locations have further
validated the performance of distinct empirical
approaches, such as the Atwater—Ball and Bird—Hulstrom
models, reinforcing the variability of model accuracy
based on site-specific atmospheric parameters [6], [7].
Regarding the complex task of inclined surface
modeling, the application of the semi-empirical Perrin de
Brichambaut model has confirmed its utility in
estimating irradiance across multiple Algerian regions,
providing key insights into the strong solar potential of
Saharan landscapes [8]. n the specific context of inclined
surface modeling, the application of various semi-

empirical models has been extensively analyzed to better
understand the irradiance patterns on tilted PV systems
[9]. Furthermore, recent advancements have introduced
high-resolution,  5-minute  time-step  methods for
estimating tilted solar irradiation using only horizontal
measurement data, often integrating the Perrin de
Brichambaut and Liu—Jordan models with dynamic sky
condition factors to surpass the performance of both
conventional empirical and neural network-based
approaches [10].

Furthermore, numerous studies have explored diverse
methodologies to refine the estimation of solar radiation
components, particularly diffuse and direct radiation,
across varying atmospheric conditions [11-13]. Other
research has focused on the comparative analysis of these
semi-empirical models, often utilizing specific equations
tailored to optimize the accuracy of predicted solar
irradiance in regions where direct measurements are
sparse [14-16]. To ensure the robustness of these
findings, researchers have consistently employed
rigorous statistical evaluation frameworks such as Mean
Bias Error (MBE), Root Mean Square Error (RMSE),
Mean Absolute Percentage Error (MAPE), and
Correlation Coefficient (CC) to validate the predictive
precision of solar models against ground-based
measurements [17-22].

.Recent research underscores that the effective
integration of multi-source renewable systems is essential
for overcoming the unique environmental hurdles posed
by desert landscapes, such as thermal instability and high
levels of atmospheric dust [23]. Furthermore, the
evolution of the ‘food-energy-water' nexus demonstrates
that precise solar irradiance prediction is a fundamental
requirement for sustainable resource management in
these water-stressed, sun-rich regions [24]. Coupled with
these systemic approaches, recent methodological
innovations—ranging from integrating sophisticated
machine learning architectures [25] and high-
performance satellite-based services [26] to deep learning
spectral analysis [27] and advanced principal component
analysis [28] have paved the way for higher precision in
forecasting solar energy outputs.

Therefore, the primary objective of this study is to bridge
the gap between traditional modeling and modern, data-
driven photovoltaic applications. This paper presents a
novel comparative validation of the Perrin de
Brichambaut and Capderou models for predicting global
solar energy irradiation on a 30°-inclined plane in
Ghardaia, Algeria. The novelty of this research lies in its
use of high-resolution experimental measurements
recorded at 4-minute intervals, providing a granular
assessment of model performance across seasonal
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variations in a challenging Saharan environment. By
employing a robust statistical framework including Mean
Bias Error (MBE), Root Mean Square Error (RMSE),
Mean Absolute Percentage Error (MAPE), Correlation
Coefficient (CC), and temporal absolute error (AE)
analysis this study provides a high-fidelity benchmark
that enhances the reliability of solar energy system
planning and optimization in data-scarce arid regions.

I1. Methodology

To ensure the reliability and practical applicability of the
solar radiation estimation models, it is essential to
contextualize the experimental environment and the
criteria used for model selection. The following points
detail the technical and geographical characteristics of the
study site and the rationale behind the chosen empirical
approach:

e Site Location: The experimental data were collected
at the Oued-Nechou Photovoltaic Center in
Ghardaia, Algeria (Latitude: 32.48°N, Longitude:
3.67°E).

e Climatic Context: This site is characterized by an
arid Saharan climate, featuring high solar potential
and significant seasonal temperature variations.

e Measurement Infrastructure: The station uses high-
precision pyranometers mounted at a 30°-inclined
surface, which aligns with the optimal tilt angle for
photovoltaic applications in this latitude.

e Data Resolution: Global solar irradiance is recorded
at a high temporal resolution of 4-minute intervals,
facilitating a precise analysis of diurnal radiation
profiles.

e Scientific Justification for Models: The Perrin de
Brichambaut and Capderou models were selected
because they rely on fundamental meteorological
parameters (such as ambient temperature and
atmospheric pressure) that are easily monitored at
the Oued-Nechou site.

e  Practical Framework: Using these models provides a
practical, cost-effective, and robust framework for
solar energy assessment, particularly in remote
desert environments where complex instrumentation
may be limited.

I.1.  Climatic, Geographical, and Meteorological
Characterization ofthe Photovoltaic Power Plant
Site

The solar energy power plant is situated near OUED-
NECHOU (32°24" N, 3°48'" E; 566 m above sea level),

approximately 15 km north of Ghardaia. The 10-hectare
site has a Saharan climate with high temperatures,
frequent sandstorms, and abundant sunlight; summer
irradiance typically ranges from 900 to 1000 W/m®. For
performance monitoring and analysis, a meteorological
station mounted on the top of the control room
continuously logs solar and meteorological data at 4-
minute intervals, as shown in Figure 1 .

Figure 1. Weather monitoring station used for solarand meteorological
data acquisition at the OUED-NECHOU photovoltaic power plant,
Ghardaia

I1.2.  Mathematical
Models

Formulation of the Empirical

Due to a shortage of meteorological stations and
equipment for monitoring solar radiation, theoretical and
empirical models are commonly used to estimate solar
radiation in places where observed data are not available.
Numerous empirical and theoretical models, such as
those developed by Capderou, Perrin de Brichambaut,
and Liu-Jordan, Atwater and Ball, Bird and Hulstrom,
and Sun,, have been developed to compute direct,
diffuse, and global solar radiation under various climatic
conditions to predict radiation on an inclined surface.

In this study, the Perrin de brichambaut and Capderou
empirical models are employed to estimate global solar
irradiation on an inclined plane. Their predictions are
validated using experimental measurements recorded by
the meteorological station installed at the Oued-Nechou
photovoltaic power plant. (currently operated by
Sonelgaz Renewable Energy).

The global solar irradiation incident on an inclined
surface as shown in Eq (1), is composed of three
components: the direct beam component, the diffuse sky
component, and the ground-reflected component, and can
be expressed as follows:

GT =S+ Dciel + Dsol Q)

GT = Total inclined radiant energy [W/m?].

Page 42



Abderraouf Bouramdane et al/ International Journal of Energetica (IJECA) Vol. 11, N°1, 2026, pp. 40-47

S = Direct radiation on an angled plan [W/m?] .
Dciel = Diffuse radiation on an angled plan [W/m?].
Dsol = Ground reflection radiation on an angled plan
(albedo) [W/m?].

11.3.  PERRIN DE BRICHAMBAUT Model

The total of the direct, diffuse, and ground-reflected
radiation components is the global solar radiation
incident on an inclined plane as expressed in Eq. (2),[8],
[11-13].

GT=S+Dciel+Dsol )]

11.4. CAPDEROU Model

The global solar irradiation incident on an inclined
surface is estimated using the Capderou model as follows
Eq. (3). [14-15]

[=1, X Cys X exp <—TL X ((0.9 + “x;—'ln(h))_1>> x sin(h) (3)

I1l. Results and Discussion

The meteorological station at the Oued-Nechou solar
energy plant in Ghardaia, Algeria, provided the
experimental data used in the present study. On 15 th
(January , May , July , and October), 2023,
measurements were taken every 4 minutes from sunrise
to sunset. Estimates from the Perrin de Brichambaut and
Capderou empirical models were compared with
measured global solar irradiance under clear-sky
simulated conditions. To assess each model's predictive
ability and determine which one best fits the
experimental observations, simulations were run in
MATLAB R2020b. Figures  show the comparison
results.

I11.1. Performance Analysis of Solar Irradiation Models

The results presented in Figure 2 illustrate a precise
tracking of the daily solar irradiance cycle on January
15th, 2023. The Perrin de Brichambaut model
demonstrates superior agreement with the experimental
data at the peak irradiance (1030.02 W/n®?), whereas the
Capderou model exhibits a tendency to overestimate,
peaking at 1189.7 W/m?. The absolute error curves
indicate that the variance in model accuracy is most
pronounced during the morning hours (between 08:00
and 11:.00 TSV), reflecting the impact of local
atmospheric  conditions on estimation precision.
Furthermore, the relationship  between ambient

temperature and solar irradiance highlights a thermal lag,
with temperatures reaching a peak of 36.34°C in the mid-
afternoon. Overall, this analysis confirms the higher
reliability of the Perrin de Brichambaut model for
assessing photovoltaic system performance in Saharan
climates during the winter season.
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Figure 2. Simulated and estimated global inclined solar radiation as a
function of TSV on January 15th , 2023 (winter day)

I11.2. Performance Evaluation of Solar Irradiation
Models under Seasonal Variations

The performance evaluation of the solar irradiation
models, as depicted in Figure 3, reveals distinct
differences in predictive accuracy under local climatic
conditions. While the experimental peak irradiance
reaches 928.67 W/me, the Capderou model tends to
overestimate this value, peaking at 1110.8 W/n®,
whereas the Perrin de Brichambaut model offers a more
conservative estimate of 868.96 W/m?. The absolute error
profiles (Abs-Err | and IlI) demonstrate increased
uncertainty during the early morning and late afternoon,
likely due to low-solar-angle effects in the arid
environment. Furthermore, the ambient temperature
trend, which peaks at 29.87°C, shows a characteristic
thermal lag relative to the solar irradiance, a critical
factor for assessing photovoltaic system efficiency.
Ultimately, these deviations highlight the necessity of
calibrating semi-empirical models against high-resolution
ground measurements to optimize energy Yyield
predictions for the Oued-Nechou site.
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Figure 3. Simulated and estimated global inclined solar radiation as a
function of TSV on May 15", 2023 (Spring day).

I11.3. Comparative evaluation of experimental and
predicted global solar radiation and ambient
temperature profiles.

The performance analysis illustrated in Figure 4
underscores the predictive behavior of the Perrin de
Brichambaut and Capderou models during a
representative day, where the experimental peak
irradiance is recorded at 1050.9 W/ne. Consistent with
previous observations, the Capderou model exhibits a
clear overestimation, reaching a peak of 1195.3 W/n¥,
whereas the Perrin de Brichambaut model provides a
closer approximation to the measured data with a peak of
985.94 W/nme. The absolute error profiles (Abs-Err I and
I) confirm that model discrepancies intensify during
extreme solar angles, while the ambient temperature—
peaking significantly at 43.19°C—illustrates the severe
thermal conditions characteristic of the Ghardaia region.
This sharp temperature elevation, coupled with the
observed modeling variances, highlights the necessity for
rigorous local calibration of semi-empirical models to
accurately forecast photovoltaic performance in extreme
Saharan climates.
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Figure 4. Simulated and estimated global inclined solar radiation as a
function of TSV on July 15th, 2023 (Summer day)

I11.4. Comparative evaluation of experimental and
predicted global solar radiation and ambient
temperature profiles.

The performance analysis illustrated in Figure 5 provides
further insight into the predictive reliability of the
empirical models under varying conditions, where the
experimental peak irradiance is observed at 893.30
Wi/n®. In alignment with previous findings, the Capderou
model consistently overestimates the solar potential,
reaching a peak of 1151.3 W/n®, whereas the Perrin de
Brichambaut model demonstrates better fidelity with a
peak of 955.89 W/me. The absolute error profiles (Abs-
Err 1 and Il) reveal significant fluctuations during the
afternoon hours, suggesting that local atmospheric
instability or rapid changes in cloud cover impact the
model  performance at the Oued-Nechou  site.
Furthermore, the ambient temperature trend, peaking at
37.23°C, exhibits a clear phase shift relative to the solar
irradiance, which is a characteristic thermal response in
Saharan climates. Collectively, these results reinforce the
necessity of validating theoretical estimations with high-
resolution ground-based data to refine the design and
long-term performance monitoring of photovoltaic power
plants in arid regions.
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Figure 5. Simulated and estimated global inclined solar radiation as a
function of TSV on October 15th , 2023 (Fall day)

IV. Discussion
IV.1. Statistical Evaluation of Model Performance

To rigorously evaluate the accuracy of the solar radiation
estimation models, four widely accepted statistical
metrics were utilized: Mean Bias Error (MBE), Root
Mean Square Error (RMSE), Mean Absolute Percentage
Error (MAPE), and the Correlation Coefficient (CC) [5-
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6, 12, 17-22]. These metrics provide a comprehensive

assessment of model predictive capability:

e MBE (W/m?): Indicates the systematic bias of the
model, where positive values signify overestimation
and negative values indicate underestimation.

e RMSE (W/m®): Quantifies the total variance
between estimated and measured values; lower
values signify higher predictive precision.

e MAPE (%): Measures the relative magnitude of the
error, providing an assessment of model accuracy
independent of the irradiance scale.

e CC: Represents the degree of concordance between
calculated and observed datasets, where values
closer to unity indicate superior model performance.

The statistical analysis, summarized in Tables land 2,

reveals that the Perrin de Brichambaut model

consistently outperforms the Capderou model across all
tested seasonal conditions. As illustrated in Figure 6, the
error metrics for the Perrin model remain lower and more
stable throughout the representative days of 2023. For
instance, on January 15th, the Perrin de Brichambaut
model achieved lower MBE (2.2534 vs. 4.2540 W/n¥)

and RMSE (6.7180 vs. 7.3220 W/mg), alongside a

stronger correlation coefficient (0.9273 vs. 0.8592).

While the Capderou model demonstrated competitive

performance on May 15th with a lower MAPE (1.0244%

vs. 1.6244%), the Perrin de Brichambaut model

maintained superior overall stability, particularly in July
and October, where it yielded significantly lower errors
and higher correlation coefficients.

This superior statistical performance across all seasonal

test cases confirmed by both the tabular data and the

visual trends in Figure 6 suggests that the underlying
assumptions of the Perrin de Brichambaut model
regarding diffuse radiation and atmospheric clarity are
better suited to the specific climatic characteristics of the

Oued-Nechou site compared to the Capderou model.

These results reinforce the necessity of validating

theoretical estimations against high-resolution ground-

based data, such as those presented in Figure 6, to
optimize energy yield predictions for photovoltaic power
plants in arid regions.

Table 1. Statistical Performance Indicators of the Perrin de
Brichambaut Model Over Four Representative Days in 2023

Table 2. Statistical Performance Indicators of the Capderou Model Over
Four Representative Days in 2023.

Days | MBE RMSE MAPE CcC
15" January| 4.254 7.322 0.8791 0.8592
15" May ,2d 3.8521 | 5.9075 1.0244 0.9024
15" July,202] 5.2188 | 5.9587 2.8802 0.8031
15 ™ October| 2.8403 [ 8.9221 11.4945 0.8326

Error Metrics: MBE and RMSE Comparison
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Days MBE RMSE | MAPE CcC
15" January,] 2.2534 | 6.718 0.8124 0.9273
15" May ,20] 1.6044 [ 5.2191 1.6244 0.9134
15" July, 204 3.5890 | 4.7749 1.9123 0.9585
15 th Octobel| 1.4965 | 7.0186 3.4326 0.8929

Figure 6. Error Metrics: MBE and RMSE Comparison
IV.2. Physical Interpretation of Results

To gain a comprehensive understanding of the model
behavior, it is necessary to move beyond purely
statistical indicators and examine the underlying physical
phenomena governing the local Saharan climate. The
performance of the evaluated empirical models is
intrinsically tied to the atmospheric conditions of the

Ghardaia region, as detailed in the following points:

e The differences in model performance across
seasons are driven by the complex atmospheric
dynamics inherent to the Saharan landscape.

e The fluctuations in error metrics, specifically the
increased RMSE observed during October, are likely
linked to seasonal shifts in aerosol optical depth and
the frequency of atmospheric dust events.

e In arid climates, particulate matter significantly
attenuates direct solar radiation and increases the

diffuse radiation component, creating unique
challenges for semi-empirical models.

e The superior performance of the Perrin de
Brichambaut model suggests that its internal

algorithms are better equipped to account for
variations in atmospheric clarity compared to the
Capderou approach.

e Scientific Conclusion: These results demonstrate
that model precision is not just a mathematical
outcome but is deeply linked to the physical
interactions between solar radiation and the local

Saharan atmosphere.

Page 45




Abderraouf Bouramdane et al/ International Journal of Energetica (IJECA) Vol. 11, N°1, 2026, pp. 40-47

V. Conclusion

This study evaluated the accuracy of the Perrin de
Brichambaut and Capderou empirical models for
estimating global solar radiation on a 30°-inclined
surface at the Oued-Nechou Photovoltaic Center in
Ghardaia, Algeria. Utilizing high-resolution
meteorological data recorded at 4-minute intervals
throughout four representative days in 2023, the study
provided a comprehensive seasonal performance
analysis.

The results indicate that while both models effectively
reproduce the diurnal solar radiation profile, the Perrin de
Brichambaut model consistently outperforms the
Capderou model across all statistical metrics (MBE,
RMSE, MAPE, and CC). Specifically, the Perrin de
Brichambaut model demonstrated superior reliability,
achieving a peak correlation coefficient of 0.9585 and an
RMSE as low as 4.7749 W/n? during the summer period.
Although the Capderou model provided competitive
results under specific conditions, its overall predictive
performance exhibited higher systematic bias and relative
error.

In conclusion, the Perrin de Brichambaut model is
identified as the most accurate empirical tool for
estimating global solar irradiation on inclined surfaces
within the Saharan climatic context of the study area.
These findings highlight the efficacy of using such semi-
empirical models as robust, practical tools for solar
energy Yyield assessment, particularly in remote regions
where ground-based monitoring infrastructure may be
limited. Future work could focus on further calibrating
these models to account for the specific impact of
Saharan dust and aerosol optical depth on diffuse
radiation components

While this study establishes the reliability of the Perrin
de Brichambaut model for the Oued-Nechou site, future
research will aim to further refine the predictive precision
of these models through the following directions:

e Aecrosol and Dust Impact Analysis: Given the arid
Saharan climate, the frequent occurrence of
sandstorms and high aerosol optical depth (AOD)
significantly alters atmospheric transmittance. Future
investigations will incorporate real-time AOD and
local turbidity measurements to calibrate the diffuse
radiation component of the model.

e Long-term Temporal Validation: Extending the
performance evaluation from representative days to
a multi-year continuous dataset will allow for a more
robust analysis of inter-annual climate variability

and its influence on PV system degradation and
energy yield.

e Model Hybridization: BExploring hybrid approaches
by coupling these semi-empirical models with
machine learning algorithms—such as Artificial
Neural Networks (ANN) or Support Vector
Regression (SVR) could potentially mitigate the
systematic biases identified in the Capderou model,
leading to higher predictive accuracy.

e Surface Albedo Dynamics: Future studies will also
examine the seasonal variations in ground albedo at
the site, which play a critical role in the accurate
estimation of solar radiation on tilted surfaces.

Declaration

e The authors declare that they have no known
financial or non-financial competing interests in any
material discussed in this paper.

e The authors declare that this article has not been
published before and is not in the process of being
published in any other journal.

e The authors confirmed that the paper was free of
plagiarism

References

[1] Zhang, J., Zhao, L., Deng, S., Xu, W., & Zhang, Y. (2017).
A critical review of the models used to estimate solar
radiation. Renewable and Sustainable Energy Reviews,
70, 314-329.

[2] Y. Marif, B. Hebbal, and R. Maouedj, “Empirical models
for estimating solar radiation in Algeria: A review and
case study,” Journal of Renewable Energies, vol. 21, no. 4,
pp. 651-660, 2018.

[3] J. Fan, L. Wu, F. Zhang, H. Cai, X. Ma, and H. Bai,
“Evaluation and development of empirical models for
estimating daily and monthly mean daily diffuse
horizontal solar radiation for different climatic regions of
China,” Renewable and Sustainable Energy Reviews, vol.
105, pp. 168-186, 2019,

[4] S. G. Gouda, Z. Hussein, S. Luo, and Q. Yuan, “Review of
empirical solar radiation models for estimating global
solar radiation of various climate zones of China,”
Progress in Physical Geography: Earth and Environment,
vol. 44, no. 2, pp. 168-188, 2020 .

[5] A. Gougui, A. Djafour, N. Khelfaoui, and H. Boutelli,
“Empirical models validation to estimate global solar
irradiance on a horizontal plane in Ouargla, Algeria,” AIP
Conference Proceedings, vol. 1968, no. 1, p. 030045, May
2018.

[6] D. Benatiallah, A. Benatiallah, K. Bouchouicha, and B.
Nasri, “Estimation of clear sky global solar radiation in
Algeria,” AIMS Energy, vol. 7, no. 6, pp. 710727, 2019.

Page 46



Abderraouf Bouramdane et al/ International Journal of Energetica (IJECA) Vol. 11, N°1, 2026, pp. 40-47

[7] B. Fekkak, M. Merzouk, A. Kouzou, R. Kennel, M.
Abdelrahem, A. Zakane, and M. Mohamed-Seghir,
“Comparative Study of Experimentally Measured and
Calculated Solar Radiations for Two Sites in Algeria,”
Energies, vol. 14, no. 21, Art. no. 7441, 2021.

[8] M. Ghodbane and B. Boumeddane, “Estimating solar
radiation according to semi-empirical approach of Perrin
de Brichambaut: Application on several areas with
different climate in Algeria,” International Journal of
Energetica, vol. 1, no. 1, pp. 20-29, Dec. 2016.

[9] F. Chabane, F. Guellai, M.-Y. Michraoui, D. Bensahal, A.
Bima, and N. Moummi, “Prediction of the Global Solar
Radiation on Inclined Area,” Applied Solar Energy, vol.
55, no. 1, pp. 41-47, 2019.

[10] A. Takilalte, S. Harrouni, M. R. Yaiche, and L. Mora-
Lopez, “New approach to estimate 5-min global solar
irradiation data on tilted planes from horizontal
measurement,” Renewable Energy, vol. 145, pp. 2477—
2488, Jan. 2020 .

[11] S. Benkaciali and K. Gairaa, “Comparative study of two
models to estimate solar radiation on an inclined surface,”
Journal of Renewable Energies, vol. 15, no. 2, pp. 219—
228, Jun. 2012 .

[12] A. Bouramdane, Comparative Study of Four Mini
Photovoltaic Power Plants of Different Technologies and
Inclinations for Grid Injection, Ph.D. dissertation,
Department of Electrical Engineering, Faculty of Applied
Sciences, Kasdi Merbah University Ouargla, Ouargla,
Algeria, 2026.

[13] A. Moummi, N. Hamani, N. Moummi, and Z. M okhtari,
“Estimation du rayonnement solaire par deux approches
semi empiriques dans le site de Biskra,” in Proc. 8th Int.
Meeting on Energetical Physics (SIP'2006), Béchar,
Algeria, Nov. 11-12, 2006.

[14] 1. Rougab, O. Barambones, M. Y. Silaa, and A. Cheknane,
“Design, Implementation and Comparative Analysis of
Three Models for Estimation of Solar Radiation
Components on a Horizontal Surface,” Symmetry, vol. 16,
no. 1, art. 71, Jan. 2024.

[15] A. Bensaha, F. Benkouider, and S. M. A. Bekkouche,
“Estimation du rayonnement solaire en ciel clair par des
modeles empiriques: Application au site de Ghardaia,
Algérie,” in Proc. 1st Int. Seminar on the Apport of the
Simulation in Technological Innovation, pp. 1-5, Nov.
2016.

[16] F. Yettou, A. Malek, M. Haddadi, and A. Gama, “Etude
comparative de deux modéles de calcul du rayonnement
solaire par ciel clair en Algérie,” Journal of Renewable
Energies, vol. 12, no. 2, pp. 331-346, Jun. 20009.

[17] H. M. Soulouknga, O. D. Coulibaly, S. Y. Doka, and T. C.
Kofane, "Evaluation of global solar radiation from
meteorological data in the Sahelian zone of Chad,"
Renewables: Wind, Water, and Solar, vol. 4, Art. no. 8,
2017.

[18] M. N. I. Sarkar, “Estimation of solar radiation from cloud
cover data of Bangladesh,” Renewables: Wind, Water, and
Solar, vol. 3, Art. no. 11, Mar. 2016.

[19] A. Bouramdane, M. L. Louazen, and A. Benmir,
“Forecasting global incline solar radiation through
empirical models on desert areas,” in Proc. 4th Int. Conf.
Technological Advances in  Electrical Engineering
(ICTAEE), May 2023, pp. 1-8.

[20] M. M. Khan and M. J. Ahmad, “Estimation of global solar
radiation using clear sky radiation in Yemen,” Journal of
Engineering Science & Technology Review, vol. 5, no. 2,
pp. 12-19, 2012

[21] H. Li, X. Bu, Z. Long, L. Zhao, and W. Ma, “Calculating
the diffuse solar radiation in regions without solar
radiation measurements,” Energy, vol. 44, no. 1, pp. 611—
615, 2012.

[22] T. E. Boukelia, M. S. Mecibah, and I. E. Meriche,
“General models for estimation of the monthly mean daily
diffuse solar radiation (Case study: Algeria),” Energy
Conversion and Management, vol. 81, pp. 211-219, 2014.

[23] J. AlAsfar, M. Irshidat, and M. Mustafa, “Review of
advancing hybrid renewable energy systems: The strategic
role of solar cooling and multi-source integration in arid
climates,” Results in Engineering, vol. 30, 103215, 2026.
DOI: 10.1016/j.rineng.2026.103215

[24] S. K. Saraswat and D. Swami, “GIS-based suitability
analysis for solar, wind, biomass, and hybrid energy in the
arid landscapes of India: A food-energy-water nexus
perspective,” Energy for Sustainable Development, vol.
93, 102450, 2026. DOI: 10.1016/j.esd.2026.102450

[25] L. Xu, Y. Feng, and Y. Deng, “Hourly solar irradiance
estimation and building-surface solar potential assessment
via remote sensing and machine learning for data-scarce
mountainous regions,” Energy Reports, vol. 55, pp. 210—
225, 2026. DOI: 10.1016/j.egyr.2026.04.021

[26] F. Azam, D. R. de Miranda, and Y. M. Saint-Drenan,
“CAMS radiation service v4.6 for solar energy: Evaluation
of Himawari based surface solar irradiance products,”
Remote Sensing of Environment, vol. 312, 114320, 2026.
DOI: 10.1016/j.rse.2026.114320

[27] S. Chen, C. Li, and M. Li, “Global and direct solar
irradiance estimation using deep learning and selected
spectral satellite images,” Applied Energy, vol. 352,
121966, 2023. DOI: 10.1016/j.apenergy.2023.121966

[28] G. N. Al Shabaan and I. S. Altarawneh, “Decoding
climatic drivers of solar photovoltaic output in arid
climates: Integrating sensitivity, lag dynamics, and
Principal Component Analysis for forecasting accuracy,”
Sustainable Energy Technologies and Assessments, vol.
72, 104380, 2026. DOI: 10.1016/j.seta.2025.104380

Page 47


https://www.google.com/search?q=https://doi.org/10.1016/j.rineng.2026.103215
https://www.google.com/search?q=https://doi.org/10.1016/j.esd.2026.102450
https://www.google.com/search?q=https://doi.org/10.1016/j.egyr.2026.04.021
https://www.google.com/search?q=https://doi.org/10.1016/j.rse.2026.114320
https://www.google.com/search?q=https://doi.org/10.1016/j.apenergy.2023.121966
https://www.google.com/search?q=https://doi.org/10.1016/j.seta.2025.104380

