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The Wind Field Model 
• Solar power is one of the most appreciate renewable energies in the world 

Solar radiation modeling 
Introduction 

• Three groups of factors determine the interaction of solar radiation with the 
earth’s atmosphere and surface 
a. The Earth’s geometry, revolution and rotation (declination, latitude, solar hour angle) 
b. Terrain (elevation, albedo, surface inclination/orientation, shadows) 
c. Atmospheric attenuation (scattering, absorption) by 

 c.1. Gases (air molecules, ozone, CO2 and O2) 
 c.2. Solid and liquid particles (aerosols, including non-condensed water) 
 c.3. Clouds (condensed water) 

• We focus the study on the accurate definition of the terrain surface and the 
produced shadows by using an adaptive mesh of triangles 



The Wind Field Model 

Clear Sky 
•  Beam Radiation 
•  Diffuse Radiation 
•  Reflected Radiation 
•  Global Radiation 

Topography 
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Solar radiation modeling 
Terrain surface mesh 



The Wind Field Model 

Solar radiation modeling 
Terrain surface mesh 



The Wind Field Model 

Solar radiation modeling 
Terrain surface mesh 



Solar radiation modeling 
Shadow detection 

Accurate evaluation of radiation Shadow detection 

Construct a reference system x’, y’ 
and z’, with z’ in the direction of the 
beam radiation. Mesh is projected on 
the plane x’y’ 



Solar radiation modeling 
Shadow detection 

Incidence angle (δexp) 

Lfss=   
0   if    

1   if    

(|δexp| ≥ (π/2)) 

((π/2) > |δexp| ≥ 0) 

Own shadows 
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Solar radiation modeling 
Shadow detection 

Triangles back
to the sun
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Triangles exposed
to the sun

<latexit sha1_base64="3g+lmw9r3Nx0m6KwqpjOF3OE9AQ=">AAACDXicbVC7TsMwFL3hTXgVWJBYLCokxFAlXWCsxMIIUlsqNVXlOLethWNHtoOoqn4D/AxMCNhY+AH+Bjd0gJYzHd9zfO1z4kxwY4Pgy1tYXFpeWV1b9zc2t7Z3Srt7TaNyzbDBlFC6FVODgktsWG4FtjKNNI0F3sS3FxP95g614UrW7TDDTkr7kvc4o9aNuqXTSCouE5SW1DWnsi/QELzPlMEkinxiFbEDJCaXfrdUDipBATJPwikp1w6gwFW39BkliuWpW84ENaYdBpntjKi2nAkc+1FuMKPslvax7aikKZrOqMg0Jsc9pYuni/Nv74imxgzT2HlSagdmVpsM/9Paue2dd0ZcZrlFyZzFab1cFBldNSThGpkVQ0co09z9krAB1ZRZV+Akfjgbdp40q5UwqITX1XKt+tMDrMEhHMEJhHAGNbiEK2gAg0d4hjd49x68J+/Fe/2xLnjTO/vwB97HNw79m2w=</latexit><latexit sha1_base64="3g+lmw9r3Nx0m6KwqpjOF3OE9AQ=">AAACDXicbVC7TsMwFL3hTXgVWJBYLCokxFAlXWCsxMIIUlsqNVXlOLethWNHtoOoqn4D/AxMCNhY+AH+Bjd0gJYzHd9zfO1z4kxwY4Pgy1tYXFpeWV1b9zc2t7Z3Srt7TaNyzbDBlFC6FVODgktsWG4FtjKNNI0F3sS3FxP95g614UrW7TDDTkr7kvc4o9aNuqXTSCouE5SW1DWnsi/QELzPlMEkinxiFbEDJCaXfrdUDipBATJPwikp1w6gwFW39BkliuWpW84ENaYdBpntjKi2nAkc+1FuMKPslvax7aikKZrOqMg0Jsc9pYuni/Nv74imxgzT2HlSagdmVpsM/9Paue2dd0ZcZrlFyZzFab1cFBldNSThGpkVQ0co09z9krAB1ZRZV+Akfjgbdp40q5UwqITX1XKt+tMDrMEhHMEJhHAGNbiEK2gAg0d4hjd49x68J+/Fe/2xLnjTO/vwB97HNw79m2w=</latexit><latexit sha1_base64="3g+lmw9r3Nx0m6KwqpjOF3OE9AQ=">AAACDXicbVC7TsMwFL3hTXgVWJBYLCokxFAlXWCsxMIIUlsqNVXlOLethWNHtoOoqn4D/AxMCNhY+AH+Bjd0gJYzHd9zfO1z4kxwY4Pgy1tYXFpeWV1b9zc2t7Z3Srt7TaNyzbDBlFC6FVODgktsWG4FtjKNNI0F3sS3FxP95g614UrW7TDDTkr7kvc4o9aNuqXTSCouE5SW1DWnsi/QELzPlMEkinxiFbEDJCaXfrdUDipBATJPwikp1w6gwFW39BkliuWpW84ENaYdBpntjKi2nAkc+1FuMKPslvax7aikKZrOqMg0Jsc9pYuni/Nv74imxgzT2HlSagdmVpsM/9Paue2dd0ZcZrlFyZzFab1cFBldNSThGpkVQ0co09z9krAB1ZRZV+Akfjgbdp40q5UwqITX1XKt+tMDrMEhHMEJhHAGNbiEK2gAg0d4hjd49x68J+/Fe/2xLnjTO/vwB97HNw79m2w=</latexit><latexit sha1_base64="SZnJsVQl7Ncfsbj5PZE+BWsC/TQ=">AAACDXicbVC7TsMwFHXKq5RXgZHFokJCDFXSBcZKLIxF6ktqospxblqrjh3ZDqKq+g3wMzAhYGPhB/gb3JABWs50fM/xtc8JU860cd0vp7S2vrG5Vd6u7Ozu7R9UD4+6WmaKQodKLlU/JBo4E9AxzHDopwpIEnLohZPrhd67A6WZFG0zTSFIyEiwmFFi7GhYvfCFZCICYXBbMSJGHDSG+1RqiHy/go3EZgxYZ6IyrNbcupsDrxKvIDVUoDWsfvqRpFlil1NOtB54bmqCGVGGUQ7zip9pSAmdkBEMLBUkAR3M8kxzfBZLlT+dn397ZyTRepqE1pMQM9bL2mL4nzbITHwVzJhIMwOCWovV4oznGW01OGIKqOFTSwhVzP4S0zFRhBpb4CK+txx2lXQbdc+te7eNWrNRFFFGJ+gUnSMPXaImukEt1EEUPaJn9IbenQfnyXlxXn+sJae4c4z+wPn4Bpl2mxQ=</latexit>



Solar radiation modeling 
Shadow detection 

Projected shadows 

Warning Points

Warning point on light
<latexit sha1_base64="YFKfMa6ecyV6GcCT8RkHXBzu5wY=">AAACBXicbVBLSwMxGPzWZ62vqhfBS2gRPEjZ7UWPBS8eK9gHtKVk0+w2NJssybdCKT3rn9GTqDf/gH/Af2P6OGjrnCYzk5CZMJXCou9/e2vrG5tb27md/O7e/sFh4ei4YXVmGK8zLbVphdRyKRSvo0DJW6nhNAklb4bDm6nffODGCq3ucZTybkJjJSLBKDqpVyh2lBaqzxWSJjVKqJikTkCiFZEiHmA+3yuU/LI/A1klwYKUqqcwQ61X+Or0NcsS9yiT1Np24KfYHVODgkk+yXcyy1PKhjTmbUcVTbjtjmddJuQ80obggJPZ+Xd2TBNrR0noMgnFgV32puJ/XjvD6Lo7FirNkCvmIs6LMklQk+kkpC8MZyhHjlBmhPslYQNqKEM33LR+sFx2lTQq5cAvB3eVUvVyvgPk4AyKcAEBXEEVbqEGdWDwBC/wDh/eo/fsvXpv8+iat7hzAn/gff4A+pWYGA==</latexit><latexit sha1_base64="YFKfMa6ecyV6GcCT8RkHXBzu5wY=">AAACBXicbVBLSwMxGPzWZ62vqhfBS2gRPEjZ7UWPBS8eK9gHtKVk0+w2NJssybdCKT3rn9GTqDf/gH/Af2P6OGjrnCYzk5CZMJXCou9/e2vrG5tb27md/O7e/sFh4ei4YXVmGK8zLbVphdRyKRSvo0DJW6nhNAklb4bDm6nffODGCq3ucZTybkJjJSLBKDqpVyh2lBaqzxWSJjVKqJikTkCiFZEiHmA+3yuU/LI/A1klwYKUqqcwQ61X+Or0NcsS9yiT1Np24KfYHVODgkk+yXcyy1PKhjTmbUcVTbjtjmddJuQ80obggJPZ+Xd2TBNrR0noMgnFgV32puJ/XjvD6Lo7FirNkCvmIs6LMklQk+kkpC8MZyhHjlBmhPslYQNqKEM33LR+sFx2lTQq5cAvB3eVUvVyvgPk4AyKcAEBXEEVbqEGdWDwBC/wDh/eo/fsvXpv8+iat7hzAn/gff4A+pWYGA==</latexit><latexit sha1_base64="YFKfMa6ecyV6GcCT8RkHXBzu5wY=">AAACBXicbVBLSwMxGPzWZ62vqhfBS2gRPEjZ7UWPBS8eK9gHtKVk0+w2NJssybdCKT3rn9GTqDf/gH/Af2P6OGjrnCYzk5CZMJXCou9/e2vrG5tb27md/O7e/sFh4ei4YXVmGK8zLbVphdRyKRSvo0DJW6nhNAklb4bDm6nffODGCq3ucZTybkJjJSLBKDqpVyh2lBaqzxWSJjVKqJikTkCiFZEiHmA+3yuU/LI/A1klwYKUqqcwQ61X+Or0NcsS9yiT1Np24KfYHVODgkk+yXcyy1PKhjTmbUcVTbjtjmddJuQ80obggJPZ+Xd2TBNrR0noMgnFgV32puJ/XjvD6Lo7FirNkCvmIs6LMklQk+kkpC8MZyhHjlBmhPslYQNqKEM33LR+sFx2lTQq5cAvB3eVUvVyvgPk4AyKcAEBXEEVbqEGdWDwBC/wDh/eo/fsvXpv8+iat7hzAn/gff4A+pWYGA==</latexit><latexit sha1_base64="QASUOqWDH5enAKXVsaAmZqFX8zo=">AAACBXicbVC9TsMwGHT4LeEvwMhitUJiQFXSBcZKLIxFoj9SG1WO67RWHTuyvyBVUWd4GZgQsPECvABvg1MyQMtN57uz5bsoFdyA7385a+sbm1vblR13d2//4NA7Ou4YlWnK2lQJpXsRMUxwydrAQbBeqhlJIsG60fS68Lv3TBuu5B3MUhYmZCx5zCkBKw296kAqLkdMAu4SLbkc49QKgJXEgo8n4LpDr+bX/QXwKglKUkMlWkPvczBSNEvso1QQY/qBn0KYEw2cCjZ3B5lhKaFTMmZ9SyVJmAnzRZc5PouVxjBheHH+nc1JYswsiWwmITAxy14h/uf1M4ivwpzLNAMmqY1YL84EBoWLSfCIa0ZBzCwhVHP7S0wnRBMKdriifrBcdpV0GvXArwe3jVrzohyigk5RFZ2jAF2iJrpBLdRGFD2iZ/SG3p0H58l5cV5/omtOeecE/YHz8Q2FHZfA</latexit>

Warning point on shadow
<latexit sha1_base64="u4ny4zD2Q7TurpdN2IiG2mFsBhM=">AAACBnicbVC9TsMwGPzCbwl/BRYkFosKiQFVSRcYK7EwFon+SG1UOY7TWnXsyHZAVdQdXgYmBGw8AC/A2+CmHaDlpvPd2fJdmHKmjed9Oyura+sbm6Utd3tnd2+/fHDY0jJThDaJ5FJ1QqwpZ4I2DTOcdlJFcRJy2g5H11O/fU+VZlLcmXFKgwQPBIsZwcZK/XKlJyQTERUGtbESTAxQagWDpEB6iCP54Lo25VW9AmiZ+HNSqR9DgUa//NWLJMkS+yrhWOuu76UmyLEyjHA6cXuZpikmIzygXUsFTqgO8qLMBJ3FUiEzpKg4/87mONF6nIQ2k2Az1IveVPzP62YmvgpyJtLMUEFsxHpxxpGRaLoJipiixPCxJZgoZn+JyBArTIxdblrfXyy7TFq1qu9V/dtapX4x2wFKcAKncA4+XEIdbqABTSDwBC/wDh/Oo/PsvDpvs+iKM79zBH/gfP4A0ROYkA==</latexit><latexit sha1_base64="u4ny4zD2Q7TurpdN2IiG2mFsBhM=">AAACBnicbVC9TsMwGPzCbwl/BRYkFosKiQFVSRcYK7EwFon+SG1UOY7TWnXsyHZAVdQdXgYmBGw8AC/A2+CmHaDlpvPd2fJdmHKmjed9Oyura+sbm6Utd3tnd2+/fHDY0jJThDaJ5FJ1QqwpZ4I2DTOcdlJFcRJy2g5H11O/fU+VZlLcmXFKgwQPBIsZwcZK/XKlJyQTERUGtbESTAxQagWDpEB6iCP54Lo25VW9AmiZ+HNSqR9DgUa//NWLJMkS+yrhWOuu76UmyLEyjHA6cXuZpikmIzygXUsFTqgO8qLMBJ3FUiEzpKg4/87mONF6nIQ2k2Az1IveVPzP62YmvgpyJtLMUEFsxHpxxpGRaLoJipiixPCxJZgoZn+JyBArTIxdblrfXyy7TFq1qu9V/dtapX4x2wFKcAKncA4+XEIdbqABTSDwBC/wDh/Oo/PsvDpvs+iKM79zBH/gfP4A0ROYkA==</latexit><latexit sha1_base64="u4ny4zD2Q7TurpdN2IiG2mFsBhM=">AAACBnicbVC9TsMwGPzCbwl/BRYkFosKiQFVSRcYK7EwFon+SG1UOY7TWnXsyHZAVdQdXgYmBGw8AC/A2+CmHaDlpvPd2fJdmHKmjed9Oyura+sbm6Utd3tnd2+/fHDY0jJThDaJ5FJ1QqwpZ4I2DTOcdlJFcRJy2g5H11O/fU+VZlLcmXFKgwQPBIsZwcZK/XKlJyQTERUGtbESTAxQagWDpEB6iCP54Lo25VW9AmiZ+HNSqR9DgUa//NWLJMkS+yrhWOuu76UmyLEyjHA6cXuZpikmIzygXUsFTqgO8qLMBJ3FUiEzpKg4/87mONF6nIQ2k2Az1IveVPzP62YmvgpyJtLMUEFsxHpxxpGRaLoJipiixPCxJZgoZn+JyBArTIxdblrfXyy7TFq1qu9V/dtapX4x2wFKcAKncA4+XEIdbqABTSDwBC/wDh/Oo/PsvDpvs+iKM79zBH/gfP4A0ROYkA==</latexit><latexit sha1_base64="RoPHoq4tgcJoIFBwWXVA2IUVjtE=">AAACBnicbVC9TsMwGPzCbwl/BUYWiwqJAVVJFxgrsTAWif5IbVU5jtNYdezIdkBV1B1eBiYEbDwAL8Db4JQM0HLT+e5s+S5IOdPG876cldW19Y3Nypa7vbO7t189OOxomSlC20RyqXoB1pQzQduGGU57qaI4CTjtBpOrwu/eUaWZFLdmmtJhgseCRYxgY6VRtTYQkomQCoO6WAkmxii1gkFSIB3jUN67rk15dW8OtEz8ktSgRGtU/RyEkmSJfZVwrHXf91IzzLEyjHA6cweZpikmEzymfUsFTqge5vMyM3QaSYVMTNH8/Dub40TraRLYTIJNrBe9QvzP62cmuhzmTKSZoYLYiPWijCMjUbEJCpmixPCpJZgoZn+JSIwVJsYuV9T3F8suk06j7nt1/6ZRa56XQ1TgGE7gDHy4gCZcQwvaQOARnuEN3p0H58l5cV5/oitOeecI/sD5+AZbm5g4</latexit>

Triangle under study
<latexit sha1_base64="Z6H7zV1oB6/pm4ZCMTg8sEKPp1E=">AAACA3icbVC7TsMwFL0pr1JeBRYkFosKiQFVSRcYK7EwFqkPpDaqHPe2teo4ke0gRVFH+BmYELDxB/wAf4ObdoCWM517z/GVzwliwbVx3W+nsLa+sblV3C7t7O7tH5QPj9o6ShTDFotEpO4DqlFwiS3DjcD7WCENA4GdYHIz0zsPqDSPZNOkMfohHUk+5Iwau+qXSU9GXA5QGtJUnMqRQJLYWRFtkkFaKvXLFbfq5iCrxFuQSv0EcjT65a/eIGJJaE8yQbXuem5s/Iwqw5nAaamXaIwpm9ARdi2VNETtZ3mSKTkfRoqYMZJ8/u3NaKh1GgbWE1Iz1svabPmf1k3M8NrPuIwTg5JZi9WGiSAmIrNCyIArZEakllCmuP0lYWOqKDO2tll8bznsKmnXqp5b9e5qlfrlvAcowimcwQV4cAV1uIUGtIDBE7zAO3w4j86z8+q8za0FZ/HmGP7A+fwBzbKXfA==</latexit><latexit sha1_base64="Z6H7zV1oB6/pm4ZCMTg8sEKPp1E=">AAACA3icbVC7TsMwFL0pr1JeBRYkFosKiQFVSRcYK7EwFqkPpDaqHPe2teo4ke0gRVFH+BmYELDxB/wAf4ObdoCWM517z/GVzwliwbVx3W+nsLa+sblV3C7t7O7tH5QPj9o6ShTDFotEpO4DqlFwiS3DjcD7WCENA4GdYHIz0zsPqDSPZNOkMfohHUk+5Iwau+qXSU9GXA5QGtJUnMqRQJLYWRFtkkFaKvXLFbfq5iCrxFuQSv0EcjT65a/eIGJJaE8yQbXuem5s/Iwqw5nAaamXaIwpm9ARdi2VNETtZ3mSKTkfRoqYMZJ8/u3NaKh1GgbWE1Iz1svabPmf1k3M8NrPuIwTg5JZi9WGiSAmIrNCyIArZEakllCmuP0lYWOqKDO2tll8bznsKmnXqp5b9e5qlfrlvAcowimcwQV4cAV1uIUGtIDBE7zAO3w4j86z8+q8za0FZ/HmGP7A+fwBzbKXfA==</latexit><latexit sha1_base64="Z6H7zV1oB6/pm4ZCMTg8sEKPp1E=">AAACA3icbVC7TsMwFL0pr1JeBRYkFosKiQFVSRcYK7EwFqkPpDaqHPe2teo4ke0gRVFH+BmYELDxB/wAf4ObdoCWM517z/GVzwliwbVx3W+nsLa+sblV3C7t7O7tH5QPj9o6ShTDFotEpO4DqlFwiS3DjcD7WCENA4GdYHIz0zsPqDSPZNOkMfohHUk+5Iwau+qXSU9GXA5QGtJUnMqRQJLYWRFtkkFaKvXLFbfq5iCrxFuQSv0EcjT65a/eIGJJaE8yQbXuem5s/Iwqw5nAaamXaIwpm9ARdi2VNETtZ3mSKTkfRoqYMZJ8/u3NaKh1GgbWE1Iz1svabPmf1k3M8NrPuIwTg5JZi9WGiSAmIrNCyIArZEakllCmuP0lYWOqKDO2tll8bznsKmnXqp5b9e5qlfrlvAcowimcwQV4cAV1uIUGtIDBE7zAO3w4j86z8+q8za0FZ/HmGP7A+fwBzbKXfA==</latexit><latexit sha1_base64="xaH96cGUsk3IYUdOOPjVNxU5ih0=">AAACA3icbVC7TsMwFHV4lvAKMLJYVEgMqEq6wFiJhbFIfUltVDnOTWvVcSLbQYqijvAzMCFg4w/4Af4Gp2SAljOde8/xlc8JUs6Udt0va219Y3Nru7Zj7+7tHxw6R8c9lWSSQpcmPJGDgCjgTEBXM81hkEogccChH8xuSr1/D1KxRHR0noIfk4lgEaNEm9XYwSORMBGC0LgjGRETDjgzs8RKZ2Fu22On7jbcBfAq8SpSRxXaY+dzFCY0i81JyolSQ89NtV8QqRnlMLdHmYKU0BmZwNBQQWJQfrFIMsfnUSKxngJezL+9BYmVyuPAeGKip2pZK5f/acNMR9d+wUSaaRDUWIwWZRzrBJeF4JBJoJrnhhAqmfklplMiCdWmtjK+txx2lfSaDc9teHfNeuuyKqKGTtEZukAeukItdIvaqIsoekTP6A29Ww/Wk/Vivf5Y16zqzQn6A+vjG1g6lyQ=</latexit>

Triangle that could
project shadow

<latexit sha1_base64="xpIW64T8farG8su/m8YT/enf6Uk=">AAACE3icbVC7TgMxENzjzfEK0CDRWERIFCi6SwNlJBpKkAgg5aJoz7dJDD77ZPtAUcRnwM9AhYAKPoC/wQkUvKYa74y1O5MWUlgXRe/BxOTU9Mzs3Hy4sLi0vFJZXTu1ujScmlxLbc5TtCSFoqYTTtJ5YQjzVNJZenkw0s+uyFih1YkbFNTOsadEV3B0ftSpRInSQmWkHDsxAlVPEnN9dIzrUmZJEhZGXxB3zPYx09dh2KlUo1o0BvtL4i9SbWzAGEedymuSaV7mfgWXaG0rjgrXHqJxgku6CZPSUoH8EnvU8lRhTrY9HCe7Ydtdbfw9xMbv794h5tYO8tR7cnR9+1sbDf/TWqXr7reHQhWlI8W9xWvdUjKn2agglgnj88qBJ8iN8Fcy3keD3PkaR/Hj32H/ktN6LY5q8XG92tj97AHmYBO2YAdi2IMGHMIRNIHDHTzAM7wEt8F98Bg8fVongq8/6/ADwdsHvFad7A==</latexit><latexit sha1_base64="xpIW64T8farG8su/m8YT/enf6Uk=">AAACE3icbVC7TgMxENzjzfEK0CDRWERIFCi6SwNlJBpKkAgg5aJoz7dJDD77ZPtAUcRnwM9AhYAKPoC/wQkUvKYa74y1O5MWUlgXRe/BxOTU9Mzs3Hy4sLi0vFJZXTu1ujScmlxLbc5TtCSFoqYTTtJ5YQjzVNJZenkw0s+uyFih1YkbFNTOsadEV3B0ftSpRInSQmWkHDsxAlVPEnN9dIzrUmZJEhZGXxB3zPYx09dh2KlUo1o0BvtL4i9SbWzAGEedymuSaV7mfgWXaG0rjgrXHqJxgku6CZPSUoH8EnvU8lRhTrY9HCe7Ydtdbfw9xMbv794h5tYO8tR7cnR9+1sbDf/TWqXr7reHQhWlI8W9xWvdUjKn2agglgnj88qBJ8iN8Fcy3keD3PkaR/Hj32H/ktN6LY5q8XG92tj97AHmYBO2YAdi2IMGHMIRNIHDHTzAM7wEt8F98Bg8fVongq8/6/ADwdsHvFad7A==</latexit><latexit sha1_base64="xpIW64T8farG8su/m8YT/enf6Uk=">AAACE3icbVC7TgMxENzjzfEK0CDRWERIFCi6SwNlJBpKkAgg5aJoz7dJDD77ZPtAUcRnwM9AhYAKPoC/wQkUvKYa74y1O5MWUlgXRe/BxOTU9Mzs3Hy4sLi0vFJZXTu1ujScmlxLbc5TtCSFoqYTTtJ5YQjzVNJZenkw0s+uyFih1YkbFNTOsadEV3B0ftSpRInSQmWkHDsxAlVPEnN9dIzrUmZJEhZGXxB3zPYx09dh2KlUo1o0BvtL4i9SbWzAGEedymuSaV7mfgWXaG0rjgrXHqJxgku6CZPSUoH8EnvU8lRhTrY9HCe7Ydtdbfw9xMbv794h5tYO8tR7cnR9+1sbDf/TWqXr7reHQhWlI8W9xWvdUjKn2agglgnj88qBJ8iN8Fcy3keD3PkaR/Hj32H/ktN6LY5q8XG92tj97AHmYBO2YAdi2IMGHMIRNIHDHTzAM7wEt8F98Bg8fVongq8/6/ADwdsHvFad7A==</latexit><latexit sha1_base64="g04YTs4Tbm2VmcP9gVYUtiAlviI=">AAACE3icbVDLTsMwEHR4E14BjlwsKiQOqEq4wLESF44gUVqpqaqNs20Njh3ZDqiK+hnwM3BCwAk+gL/BLTnwmtN4Z6zdmSQX3Ngw/PBmZufmFxaXlv2V1bX1jWBz69KoQjNsMiWUbidgUHCJTcutwHauEbJEYCu5PpnorRvUhit5YUc5djMYSN7nDKwb9YIwlorLFKWlF5qDHAikdgiWMlWINI79XKsrZJaaIaTq1vd7QS2sh1PQvySqSI1UOOsFb3GqWJG5FUyAMZ0ozG23BG05Ezj248JgDuwaBthxVEKGpltOk43pXl9pdw/S6fu7t4TMmFGWOE8Gdmh+a5Phf1qnsP3jbsllXliUzFmc1i8EtYpOCqIp1y6vGDkCTHN3JWVD0MCsq3ESP/od9i+5PKxHYT06P6w1DqoilsgO2SX7JCJHpEFOyRlpEkbuySN5Ia/enffgPXnPX9YZr/qzTX7Ae/8ERt6dlA==</latexit>
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The Wind Field Model 

The values of global irradiation on a horizontal surface for real sky (overcast) 
conditions G(0) are calculated as a correction of those of clear sky Gc(0) with the 

clear sky index kc 

If some measures of global radiation Gs are available at different measurement 
stations, s, the value of the clear sky index at those points may be computed as 

Then kc may be interpolated in the whole studied domain, using, for example: 

Solar radiation modeling 
Solar radiation model. Solar radiation under overcast sky 

 

G(0) = Gc(0)kc
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kcs =
Gs(0)

Gc(0)
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Elevation map of Gran Canaria 



Albedo map of Gran Canaria 

Solar radiation modeling 
Numerical experiments 

Macaronesic laurisilva 

Salt mine 



The Wind Field Model 

Solar radiation modeling 
Numerical experiments 

Radiation maps (J/m2) - October 2006 
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Overcast global radiation map (J/m2) 
October 2006 

Solar radiation modeling 
Numerical experiments 

Global clear sky radiation map (J/m2) 
October 2006 



Overcast global radiation map (J/m2) 
October 2006 

Solar radiation modeling 
Numerical experiments 

Global clear sky radiation map (J/m2) 
October 2006 

Correction in some overcast days 
reduced the clear sky results 
between 20% and 70% (winter) 

 
April: 1% to 30% 
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Trade wind (NE) - Alisios 



The Wind Field Model 

Regular mesh 
5913 nodes 
11520 triangles 

Solar radiation modeling 
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The Wind Field Model 

Triangular mesh adapted to 
topography and albedo 

Coarse Mesh 
2164 nodes 
4247 triangles 

Solar radiation modeling 
Numerical experiments 



The Wind Field Model 

Intermediate mesh 
5866 nodes 
11683 triangles 

Triangular mesh adapted to 
topography and albedo 

Solar radiation modeling 
Numerical experiments 



The Wind Field Model 

Triangular mesh adapted to 
topography and albedo 

Fine mesh 
9276 nodes 
18462 triangles 

Solar radiation modeling 
Numerical experiments 



Overestimation of beam radiation with respect to the finer mesh 

No shadow detection:  7.0%  (5866 nodes)  
Regular mesh:   7.4%  (5913 nodes) 
Coarse mesh:   5.5%  (2164 nodes) 
Intermediate mesh:  1.9%  (5866 nodes) 
Fine mesh:   0.0%  (9276 nodes)      

Effect of shadows and discretization 

Solar radiation modeling 
Numerical experiments 



Real Sky Irradiance 
(W/m2) 

SOLAR MODEL 
Clear Sky Irradiance  

(W/m2)  

Clear Sky Irradiation 
(J/m2) 

Clear Sky Index at Stations 
 

Real Sky Irradiation  
(J/m2) 

Measurement Stations 
Irradiation (J/m2) 

Interpolation 

Numerical Integration in  
a period of time 

 
 

Clear Sky Index at any Location 
Kc 

Kc 
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Solar radiation modeling 
Predictive approach 

Predicted Irradiance 
(W/m2) 

SOLAR MODEL 
Clear Sky Irradiance  

(W/m2)  

Clear Sky Irradiation 
(J/m2) 

Clear Sky Index at triangles 
 

Real Sky Irradiation  
(J/m2) 

Mesoscale Model 5th 
Irradiance (W/m2) 

Interpolation 

Numerical Integration in  
a period of time 

 
 

Clear Sky Index at any location 
and time (Kci) 

Kci 



Solar radiation 
Conclusions 

•  Better local predictions, by downscaling results from meteorological 
forecasting methods 

•  Adaptive meshes lead to a minimum computational cost 

•  The adaptive triangulation related to the topography and albedo is 
essential in order to  obtain accurate results of shadow distribution and 
solar radiation 

Conclusions 



Solar radiation 
Future research 

Future research 

•  Improve the interpolation procedure of clear sky index 
•  Fully parallelization of the simulation 
•  Determinate the shadow boundary using ref/deref and mesh adaption 
by moving nodes 



The Wind Field Model 

Solar radiation 
Publications 
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