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Extended Abstract 

Currently, approximately 60% of the global population lives in urban areas (UN. Population 
Division, 2018). Incorrect quantification of the current and expected energy demands of 
buildings can lead to erroneous decisions and misguided planning for energy supply. 
Additionally, society is transitioning to adopting more sustainable energy sources to reduce 
environmental impacts. Solar gains play a major role in energy demand simulations. Therefore, 
it is important to perform precise calculations of the solar radiation for a given area of interest. 
However, this energy source faces challenges, such as shadowing, which rapidly decreases the 
performance of any solar panel, and it is constantly changing owing to the movement of the 
sun across the sky. Figure 1 shows a sketch of the considerations for computing shadowing 
calculations and the components of the solar irradiance. 
 

 
Figure 1. Shadowing computation sketch (a) and solar irradiance components (b). 

 
Shadowing analysis is crucial in urban planning (Palme et al., 2020), especially for assessing 
the solar potential (Figure 1(a)). It helps identify suitable locations in urban areas by 
considering existing structures and future developments. This analysis is relevant for 
policymakers, as they encourage the population to adopt solar energy while ensuring efficient 
utilisation of available resources for a given location. 
 
To perform solar potential analysis, it is essential to consider the geographical location and its 
surroundings. These include factors such as topography, construction, and vegetation (De Sá 
et al., 2022). These city objects can be represented using semantic 3D city models [3DCM] 
(Agugiaro et al., 2020), which provide datasets that allow for a coherent geometrical and 
semantic representation of urban features in a well-defined data structure. The solar irradiance 
received on a tilted surface can be categorised as direct beam irradiance, sky diffuse irradiance, 
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and (ground)reflected irradiance. Figure 1(b) illustrates these, with the diffuse components 
further divided into diffuse sky and diffuse horizon components. 
 
We present the development of a solar potential analysis tool based on 3DCM. Our work uses 
the 3DBAG (Peters et al., 2022), an open dataset containing 3D models of all buildings in the 
Netherlands. This dataset is available for downloading in several formats and multiple levels 
of detail (LoD) (0, 1.2, 1.3, 2.2) (Biljecki et al., 2016). We used the pvGIS database (EU 
Science Hub, 2022) as the input weather data for our computations. 
 
The hourly solar irradiance values were calculated using the Python package pvlib (Holmgren 
et al., 2018). These values are aggregated for each surface. Additionally, we aggregated the 
solar irradiance values for each month, as shown in Figure 2. The final values were compared 
according to the statistical parameters defined by Dutch standard NTA8800:2024 (NEN, 2024), 
which specifies a method for assessing the energy performance of buildings in the Netherlands. 
The statistical values provided by the standard were categorised based on the orientation and 
inclination of the boundary surfaces enclosing a building. Our simulations were conducted in 
the municipality of Rijssen-Holten, located in the eastern part of the Netherlands. The 
municipality has approximately 38000 inhabitants, corresponding to approximately 23000 
buildings. 
 
Figure 2 shows a scatter plot comparison for each boundary surface of buildings in the study 
area, with the red line representing the computed correlation coefficient. Figure 3 shows 
aggregated values per month for better comparison with norm values. Additionally, we include 
some statistical metrics such as MAE, n-RMSE, R, RMSE. 
 

 
Figure 2. Scatter plot of monthly solar 

irradiance values. 

 
Figure 3. Bar plot of monthly solar 

irradiance values. 
 
Figure 4 shows the solar irradiance per surface in May for Rijssen-Holten. Both images used 
the same colour palette, ranging from blue (lowest value) to orange (highest value). 
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(a) 

 
(b) 

Figure 4. Rijssen-Holten solar irradiance output visualisation in May for NTA880 (a) and our 
computation (b). 

 
The comparison of irradiance values between the NTA8800 standard and our method 
highlights the significant differences between purely statistical approaches and analytical 
methods that account for urban morphology. The correlation coefficient for the study area was 
0.72, indicating a moderately linear relationship between the two values. This suggests that 
there is still a fundamental alignment in the irradiance patterns captured by both the datasets. 
 
Error metrics in the bar plot in Figure 3 indicate that discrepancies between the NTA8800 
values and our computed values were higher during warmer months. This divergence may be 
attributed to clearer skies during warmer seasons as opposed to predominantly overcast skies 
during colder skies. During colder seasons, the shadowing effect is not the primary source of 
energy loss, as overcast skies largely block direct beam solar irradiance, thereby reducing its 
impact (Tuononen et al., 2019). One limitation of our approach is the inadequate treatment of 
light-ray diffusion and reflection, as illustrated in Figure 1(b). Our analysis simplifies the 
complex interactions between diffusion and reflection, which may affect the precision of our 
findings. 
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