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Abstract: This paper illustrates the Solar Radiation Energy Modeling for Methodology and Applications & Techniques.  

Geoinformatics solar radiation modeling is a valuable tool for assessing solar energy potential, guiding renewable energy projects, 

and making informed decisions related to land use and planning. It combines geographical and environmental data to provide 

insights into the spatial distribution of solar radiation, contributing to the sustainable development of solar energy resources. 

Advances in remote sensing technologies and the availability of high-resolution data contribute to more accurate solar radiation 

modeling. The Methods depend on eight stages: Data Collection, Preprocessing, Solar Radiation Model, Model Selection, GIS 

Analysis, Validation, Update and Refinement, and Development. The Applications are Assessing Potential Solar Energy, Site 

Selection Solar Energy, and Planning and Optimizing Solar Energy Systems. The Techniques are High-Resolution Data Integration, 

Machine Learning and AI Integration, Cloud-Based Solutions, Integration with Renewable Energy Planning, Real-Time Monitoring 

and Forecasting, User-Friendly Interfaces and Accessibility, Incorporation of Climate Change Variables, Open Data Initiatives, 

and Global Collaboration and Standardization. The future research should trend to GeoSmart city renewable energy. 
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I. Introduction 

  Solar radiation modeling in Geoinformatics technology involves the use of spatial data and analytical tools to estimate and 

visualize the distribution of solar energy across a geographical area. This process is crucial for various applications, including 

renewable energy planning, site selection for solar installations, and understanding the potential for solar energy generation in a given 

location. 

1. Solar Radiation Basics: Solar radiation refers to the energy emitted by the sun, and it plays a vital role in various natural processes 

on Earth, including climate, weather, and energy generation. 

2. Geoinformatics in Solar Radiation Modeling: Geoinformatics provides a powerful platform for integrating spatial data, such as 

topography, land cover, and climate information, to model and analyze solar radiation across a landscape. Geoinformatics allows for 

the visualization of spatial patterns and the identification of optimal locations for solar energy projects. 

Key Components of Solar Radiation Modeling in Geoinformatics: Topography Data, Atmospheric Conditions, Land Cover 

Data, Time and Date Parameters. 

Solar Radiation Models: Solar Path Models: These models simulate the path of the sun across the sky, considering factors like 

latitude, time of day, and time of year. Viewshed Analysis: Determines the areas visible from a specific location, considering terrain 

and obstacles, providing insights into the solar exposure of a site. Solar Radiation Models: Mathematical models, such as the Solar 

Radiation models in GIS software, estimate the amount of solar radiation received at specific locations. Study published in Nature 

found that AI models can accurately moderate the long-term, medium-term, and short-term prediction of solar radiation. However, 

the accuracy of solar radiation models can be affected by factors such as the complexity of measurement techniques and the cost 

involved in obtaining accurate data[1]. It's important to note that the accuracy of solar radiation models is an active area of research, 

and ongoing efforts are being made to improve the precision of these models [2][3]. There are many researches applied on 

Geoinformatics [4],[5],[6],[7],[8],[9],[10],[11],[12],[13],[14],[15],[16].[17].[18],[19],[20],[21],[22].[23],[24],[25],[26],[27],[28],[29], [30],[31],[32]. 

II. Methodology 

Solar radiation modeling in Geoinformatics involves the estimation and analysis of solar radiation availability in a specific 

Geospatial area. This is crucial for various applications, such as site selection for solar energy projects, understanding the potential 

for solar power generation, and assessing the impact of terrain and land cover on solar radiation. Here's a general methodology for 

solar radiation modeling in Geoinformatics Technology.  

Phase (1) : Analysis 

 Stage (1) : Data Collection : GIS-based solar radiation modeling requires input data such as satellite imagery, atmospheric 

data, and topographic information [33].Accurate solar radiation modeling requires high-quality input data, and uncertainties in 

atmospheric conditions can impact the results. Calibration and validation of models are essential to ensure accuracy in 

predictions. ArcGIS (allow users to estimate solar radiation values based on location, time, and atmospheric conditions), 
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PVGIS(allows users to estimate the solar energy potential at a specific location), HOMER Pro(designing and optimizing 

microgrid systems), Solar Analyst (Spatial Analyst extension for ArcGIS):( solar radiation modeling. It provides tools for 

shading analysis and solar radiation mapping). Elevation Data: Obtain high-resolution digital elevation models (DEMs) for the 

study area. DEMs represent the terrain and are essential for calculating slope and aspect. Climate Data: Collect meteorological 

data, including temperature, humidity, and atmospheric pressure. This data is necessary for solar radiation calculations. Land 

Cover Data: Land cover information helps in considering the impact of obstacles like buildings and vegetation on solar 

radiation. 

 Stage (2): Preprocessing: DEM Processing: Derive slope and aspect from the DEM. Slope and aspect are crucial factors in 

determining how much solar radiation a location receives. Shading Analysis: Identify and mask out areas that are shaded by 

terrain or tall objects using hillshade models or viewshed analysis. 

Phase (2): Design 

 Stage (1): Solar Radiation Model [34][35][36]: Solar Geometry Calculations: Compute solar angles, including solar azimuth 

and solar elevation, using date, time, and location information. Direct Normal Irradiance (DNI): Calculate the amount of solar 

radiation reaching the Earth's surface directly from the sun without scattering. Diffuse Horizontal Irradiance (DHI): Estimate 

the scattered or diffuse solar radiation reaching the Earth's surface. Global Horizontal Irradiance (GHI): Combine DNI and 

DHI to calculate the total solar radiation received on a horizontal surface. 

 Stage (2): Model Selection [37]: We should choose an appropriate solar radiation model based on the study's objectives, data 

availability, and level of accuracy required. Common models include: HOGI (Hourly Optimized GeneRalized) Model, Perez 

Model, Hay-Davies Model, and Solar Analyst. 

Phase (3): Implementations 

 Stage (1): GIS Analysis: We should integrate the solar radiation results with other GIS layers to visualize and analyze the 

spatial distribution of solar radiation. In addition Generate solar radiation maps, including annual, monthly, or daily solar 

radiation patterns. 

Phase (4): Evaluations 

 Stage (1): Validation: We should validate the solar radiation model by comparing the modeled results with ground-based 

measurements, if available. 

 Stage (2): Update and Refinement: Periodically update input data and refine the model based on new information or changes 

in the study area. Remember that the accuracy of the solar radiation model depends on the quality of input data and the 

appropriateness of the selected model for the specific conditions of the study area. Calibration and validation with ground-truth 

data are essential for ensuring the reliability of the results. 

Phase (5) : Development :  

Utilize the solar radiation information for specific applications, such as site selection for solar installations, energy yield predictions, 

and environmental impact assessments. 

 

 

 

III. Discuss  

GeoSmart City Solar Radiation Energy Modeling: Methodology and Applications in Butana Region, Sudan. 

 Solar Radiation Modeling Applications 

Solar radiation modeling is used in various applications in Butana Region (in Sudan), including: Assessing Potential Solar Energy 

in Butana Regions, Site Selection Solar Energy in Butana Regions, Sustainability Renewable Energy Planning, Planning and 

Optimizing Solar Energy Systems, Evaluation & Optimization solar potential of rooftops in Urban Planning, Modeling solar 

radiation Applications: optimize crop planning and irrigation. 

 Solar Radiation Modeling Technology 

1. High-Resolution Data Integration: There is an increasing trend toward integrating high-resolution spatial data into solar 

radiation modeling. This includes using high-resolution terrain models, land cover data, and weather data to improve the 

accuracy of solar radiation assessments. 

2. Machine Learning and AI Integration: Machine learning and artificial intelligence are being increasingly utilized in solar 

radiation modeling. These techniques can help improve the accuracy of predictions by learning from historical data and 

identifying complex patterns in the spatial and temporal distribution of solar radiation. 

3. Cloud-Based Solutions: Cloud computing is becoming more prevalent in GIS-based solar radiation modeling. Cloud platforms 

provide the necessary computing power and storage for handling large datasets and performing complex simulations. This allows 

for more scalable and efficient modeling processes. 

4. Integration with Renewable Energy Planning: GIS solar radiation models are being integrated into broader renewable energy 

planning frameworks. This involves combining solar radiation data with other geospatial information, such as wind patterns, 

topography, and infrastructure, to optimize the planning and deployment of renewable energy projects. 
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5. Real-Time Monitoring and Forecasting: There is an increasing emphasis on real-time monitoring and forecasting of solar 

radiation. This involves the integration of current weather data and satellite observations to provide up-to-date information for 

energy production forecasts and grid management. 

6. User-Friendly Interfaces and Accessibility: The development of user-friendly interfaces and tools for non-experts is a growing 

trend. Making solar radiation models more accessible to a wider audience, including policymakers, urban planners, and decision-

makers, is essential for informed decision-making. 

7. Incorporation of Climate Change Variables: Climate change considerations are becoming more integrated into solar radiation 

modeling. This involves assessing the potential impacts of climate change on solar radiation patterns and adjusting energy 

planning strategies accordingly. 

8. Open Data Initiatives: There is a continued push for open data initiatives, making solar radiation data and modeling tools more 

accessible to the public. This facilitates collaboration and the development of a broader understanding of solar energy potential. 

9. Global Collaboration and Standardization: Global collaboration efforts and standardization in data formats and modeling 

methodologies are essential for ensuring consistency and comparability of solar radiation data worldwide. 

 

 

IV. Conclusions 

 

The trend of Solar Radiation Energy Modeling in Applications is Assessing Potential Solar Energy, Site Selection Solar 

Energy, and Planning and Optimizing Solar Energy Systems. The future Techniques are High-Resolution Data Integration, Machine 

Learning and AI Integration, Cloud-Based Solutions, Integration with Renewable Energy Planning, Real-Time Monitoring and 

Forecasting, User-Friendly Interfaces and Accessibility, Incorporation of Climate Change Variables, Open Data Initiatives, and 

Global Collaboration and Standardization. 
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