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Global Energy Contribution

Urban Flexibility

Impact on Urban Climate and 
Human Behavior

Why predicting solar 
irradiance is important?

Adrian C. (2010)

https://rmi.org/insight/page/28/

https://au.pinterest.com/pin/passive-solar-building-design-360-building-solutions--718394578055713790/
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Energy demand

Predicted available solar energy

Why predicting solar 
irradiance is important?
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Predicted available solar energy

Energy demand

Fossil fuel

Why predicting solar 
irradiance is important?
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Predicted available solar energy

Energy demand

Fossil fuel

Actual available solar energy

Why predicting solar 
irradiance is important?
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Total Irradiance = Direct Beam + Diffuse + Reflected

Shadowing effect Visible sky patches Ray tracing

What is the research gap?
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How can a solar irradiance simulation method be 
developed to balance accuracy and computational 
efficiency for city-scale simulations while utilizing 
semantic information from 3D city models?

• In what ways can semantic data derived from 3D city models refine the 
precision of solar irradiance simulations by considering the direct, 
diffuse and reflected solar components?

• What are the potential trade-offs between accuracy and computation 
simplification when utilizing 3D city models for estimating solar 
irradiance at an urban scale?



Related Work



Related Work: Viewshed-based methods

11

• Simplified surroundings

• Inaccurate shadowing effect

• Lack of support for 3D data

Calcabrini, A. (2023)
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• Black/Grey box mechanism

• Low generalizability

Meines, S. (2023)
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• Computational expensive

Calcabrini et al. (2023)
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• Low accuracy

• Low generalizability

Perez, R. (1987)

Tercha et al. (2024)
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The “impossible” triangle
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Methodology: Point Grid Generation 
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Hemisphere Sampling

• Object ID
• Surface ID
• Object type
• Surface type
• Sky View Factor
• Ground View Factor
• …
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Determine shadowing effect: Ray-Object Intersection Test

For 3DCM with 500,000 surfaces and 1,000,000 sample points:

500,000,000,000 (500 billion) intersection tests

Optimization required for city-scale computation
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Radius Culling View frustrum culling

Problem remains:
• Radius setting
• Computation complexity

Existing methods:
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Radius Culling View frustrum culling

Problem remains:
• Radius setting
• Computation complexity

Existing methods:

https://www.pinterest.com/pin/275352964692412846/
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Bounding Volume Hierarchy

For 3DCM with 500,000 surfaces and 1,000,000 sample points:

A tree depth of 19 is enough

38,000,000 <<< 500 billion

Reduce computation complexity from O(NM) to O(NlogM)
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Light field

Aggregate the sample points within voxels
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Energy Propagation
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No need to trace rays that will grow exponentially!
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Heino KNMI weather station

TU Delft (PVMD group data)
Calcabrini et al. (2023)
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Heino KNMI weather station
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Sensor S1

2020/8/20 2020/9/1 2020/10/1

2020/11/1 2020/12/1 2021/1/1

2021/2/1
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Sensor S2

2020/8/20 2020/9/1 2020/10/1

2020/11/1 2020/12/1 2021/1/1

2021/2/1
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Sensor S2
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27 hours

12 hours

Within several minutes!Simulation for 2021 Feb 1 with 
10 minutes time interval
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Daily total:
• BK: 143.70 kWh
• Delft Station: 66.24 kWh

20 Days of electricity use for an 
average NL households
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• More detailed usage of 3DCM information can provide high accuracy

• With more detailed modelling of reflective irradiance, the accuracy is 

higher under clear-sky conditions
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• Accurate modelling of direct beam irradiance and sky diffuse solar irradiance 

provide good results

• But performance not stable
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• Method scalable for city-scale applications
• Simulation not detailed model reflective 

components takes within several minutes

• 1~5 hours for simulation of 1 million sample 

points, one day, 10 minutes time interval)

• 24 hours for 16 million sample points 
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• Accuracy 

• Under overcast conditions the method does not show clear advantage

• Computation Time

• Reflective solar irradiance computation takes up over 99% of computation time (Not optimized)

• Ground Measurement Data Availability

• Only S2 has complex visibility

• Lack of material data

• Simplification still exist

• 3DCM

• Isotropic model for sky diffuse

• Voxelization

• Assume all surfaces to be Lambertian surfaces
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Developed, implemented, and tested a 
solar irradiance simulation method that is 
realistic and scalable.

Development Implementation Testing
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We discussed and tested the potential 
applications of the proposed simulation 
method.

Visualization Solar panel installation Energy potential 
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• More detailed input data

• Enhanced modeling of sky diffuse irradiance

• Improved light field representation

• Model calibration

• Database input support

• Integration with remote sensing data
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Thank you for your 
attention!
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