Efficient Solar Potential Estimation of 3D
Buildings: 3D BAG as use case
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Introduction - Shadow casting
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Introduction — Solar radiation

Types of solar radiation:

Boundary layer

* Direct (beam)
* Diffuse
 Reflected

* Global

A. Direct Radiation

B,. Diffuse Radiation (Molecules)
B,. Diffuse Radiation (Aerosols)
B;. Diffuse Radiation (Clouds)
C,. Building Reflection

C,. Ground Reflection
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Introduction — Solar radiation models

e Raster data
e Grid of pixelsin 2D
« DEM
* Viewshed

* No accurate representation of 3D
environment
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Introduction — Solar radiation models

e \Vector data

* Geometric primitives (vertices,
lines, polygons)

 Efficient storage in memory
* Shadow casting is slow
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Introduction — 3D BAG

3DBAG ¥ tudelft3d ‘.‘zw,cawm

Large scale 3D city model
of The Netherlands

BAG:

“Basisregistratie Adressen
en Gebouwen”
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Main research guestion

* How can the solar potential of vector buildings in large 3D city
models, such as the 3D BAG data set, be computed efficiently?
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Sub-questions

1. How can spatial indexing be used to speed up shadow casting
computations on the 3D BAG vector data set?

2. What simplifications in the solar irradiation model can be applied?

How can the solar irradiation model be implemented in Python by
using open source libraries and open data?

4. How should the computer memory be managed while processing
the buildings stored in tiles in the 3D BAG data set?
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Scope

1. Only direct solar radiation is computed
2. Only on roofs, not on walls

For shadow casting, only buildings in 3D BAG are taken into
consideration
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Methodology
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Methodology — Loading input data

Input

3D BAG file in
CityJSON format

Create
R-tree with

buildings

eighbouring
buildings per
building

this file and adjacent
files into
memory

Determined all
neighbouring buildings of

a builldinq
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Methodology — Loading input data

3D BAG as input data: =

- Subdivided in tiles
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Methodology — Loading input data

* Tiles are processed one-by-one

* Adjacent tiles needed for
potential shadow casting Buffer

e Buffer of 100m applied

Current
tile
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Methodology — Loading input data

R-t ree: E B ey K
- Efficient storage and retrieval : J
of spatial data — buildings 5 ; -
- Hierarchical tree structure e R N I
- Bounding boxes - C
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Methodology — Loading input data

* For each building, its neighbouring buildings are filtered on:
* Distance
* Height
* Orientation
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Methodology — Loading input data

Example for two buildings
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Methodology — Loading input data

All neighbouring buildings
visible
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Methodology — Loading input data

Filtered on distance to
neighbouring buildings
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Methodology — Loading input data

Filtered on height of
neighbouring buildings
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Methodology — Loading input data

Filtered on orientation of
neighbouring buildings
based on the sun’s position
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Methodology — Processing building geometries

Determined all
neighbouring buildings of

a building

Loop over . —
Compute . Solar potential statistics
Repeat
hormal vector o roqf trlanﬁles £ (stored per triangular roof}
triangle ) Gzl L surface

building

ompute
solar beam
irradiation
per point

Compute
solar potential
statistics

ntegrate
over time and
space

Sample
triangle into
points

Parallel computing (on CPUs)
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Methodology — Processing building geometries

The buildings are made up of triangular surfaces
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Methodology — Processing building geometries

 Compute the normal vector
of a triangle

* Needed to determine the
direction the triangle points
towards
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Methodology — Processing building geometries

e Sample triangle into a grid of points

3m distance 2m distance 1m distance
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Methodology — Processing building geometries

* Compute shadowing per point
* Hourly intervals
* Ray-box intersection
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Methodology — Processing building geometries

* Solar beam radiation is computed by using the solarpy library in
Python

* Computed per point
* Hourly intervals
* 1 day per month
* 12 months a year

* Aggregate solar radiation over time and space
e Hour - day = month - year
* Point = triangle
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Methodology — Storing and writing solar
potential values

Output

Enriched 3D BAG
file in CityJSON
format

Write back
to CityJSON

{ All roof surfaces for all }

buildings have solar
potential values
A

Solar potential statistics
stored per triangular roof
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Methodology — Storing and writing solar
potential values

* Solar potential can be stored in various ways

Q>Q,.>.

Per sampled grid Per triangular roof Per polygonal roof Per building as a
point surface surface whole
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Methodology — Storing and writing solar
potential values

* Chosen to store solar potential per triangular roof surface

-
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Methodology — Storing and writing solar
potential values

 Compute and store solar potential statistics per triangle:
* Number of sampled points
* Average
* Maximum
* Minimum
e Standard deviation
* 50" percentile
« 70" percentile
* The unitin Wh/m? /year
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Methodology — Storing and writing solar

potential values
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BuildingPart

NL.IMBAG.Pand.0518100000317657-0

Parents: @

Active surface

type

v_norm

solar-number_of samples

solar-potential_avg
solar-potential_min
solar-potential_max
solar-potential_std
solar-potential_p50
solar-potential_p70

solar-potential_unit

Roofsurface

[-0.6218012, 0.41074932, -0.6668195]
2

1537934.5665074731
1528436.2030154602
1547432.9259994386
9408.363492012955
1537934.5665074731
1541733.9119042782

Wh/m*2/year




Results

e General

e Quality Assessment
e Ground truth comparison
* ArcGIS comparison

* Scalability Assessment
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Results - General
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Results — Quality Assessment

* Ground truth comparison

 Workflow

Choose 3 weather
stations

]i
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Extract global solar
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Results — Quality Assessment
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Results — Quality Assessment

* Ground truth comparison results
* Weather stations versus solarpy

Solar irradiance Voorschoten 01-07-2022 Solar irradiance Wilhelminadorp 01-07-2022 Solar irradiance Nieuw Beerta 01-07-2022

— solarpy — snlarpy
ground truth i ground truth

— snlarpy
ground truth
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Results — Quality Assessment

* ArcGlIS raster comparison

ArcGIS simulation

Rasterise to save
elevation per pixel

(0,5m by 0,5m)

Run solar radiation ]
module in ArcGIS J

Choose a tile from

Compute the

3DBAG as CityJSON

SolarBAG simulation

—> difference between
rasters

Rasterise to save

>[ Run SolarBAG and }—D‘ solar potential per
output as CityJSON el 05 e ()

]
)
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Results — Quality Assessment

5 Solar potential

Solar potential Solar potential
(Wh) (Wh) difference (Wh)
Value ) Value Value
. 1538146,125 l 1,6623e+06 : l 1,25447e+06

. 6,48311

Esri Nederland, Community Map Contributors

\ :
AN
. 4751,2265625 E 5 . 0
Esri N¢

o 0 001 0,02 Km A 0 N0 0,01 0,02 Km
(Lot (T o 1]

i Nederland, Community Map Contril T Y / Fsri Nederland, Community Map Confributars

Solar radlatlon raster for Solar radiation raster for Absolute difference raster
ArcGIS method vector method (SolarBAG) between the two methods
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Results — Quality Assessment
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Results — Quality Assessment

 Factors causing the differences between the rasters:
* Raster/sampling/storing resolution
 Different algorithms/formulas

* Impossible to match input parameters exactly
* Transmittivity factor
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1 tile

4 tiles

10 tiles
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Results — Scalability Assessment
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Results — Scalability Assessment

Tile extent No. of No. of No. of Time
Tile ID buildings | buildings | neighbour
(m) .. . . (hh:mm:ss)
in tile in R-tree | tiles

Tile 1 5801 652 x 686 1735 2760 3 02:24:26
Tile 2 5802 652 x 638 1620 2646 5 01:11:06
Tile 3 5805 636 x 635 1688 2408 3 00:47:08
Tile 4 5872 644 x 654 1724 2644 5 00:48:23
Tile 5 5873 650 x 648 1400 1976 3 00:45:50
Tile 6 5875 671 x 647 1236 2412 8 01:06:04
Tile 7 5876 658 x 639 955 1951 5 00:52:54
Tile 8 5877 658 x 659 888 1667 4 00:44:12
Tile 9 5878 636 x 679 1352 1981 6 01:02:03
Tile 10 5880 694 x 646 1124 1475 2 01:46:05
Total time 11:28:11
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Results — Scalability Assessment

Tile 5 | 1400 buildings Tile 10 | 1124 buildings
3 neighbouring tiles | 00:45:50 2 neighbouring tiles | 01:46:05
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Conclusion

Main research question

How can the solar potential of vector buildings in large 3D city models,
such as the 3D BAG data set, be computed efficiently?

Using R-trees for spatial indexing
Filtering neighbouring buildings for shadow casting
Using multiprocessing and open source libraries in Python

B W

Loading and processing 3D BAG tiles one-by-one
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Conclusion

* The implemented solar radiation model (SolarBAG) enriches 3D
buildings with solar radiation values

* It is an indication to determine buildings with highest solar potential
* Further inspection is needed to actually install solar panels
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Conclusion - Limitations

 Solar radiation values are not always correct
* Inconsistencies due to resolution
* Flipped orientation of roof surfaces

* The solar radiation model is not complete
* The model is still quite slow

* The model is not applicable to other data formats
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Future work

* Efficient implementations improvements
* Make use of GPU
* Apply more and better filters for selecting neighbouring buildings
* Mesh simplification

* Solar radiation model extensions
* Incorporate diffuse and reflected radiation
* Extend to solar radiation computation on walls as well
* Use a database instead of processing files separately

* Additional analyses
* Parameter tweaking to find a trade-off between performance and accuracy
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Thank you for your
attention!
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Raster resolution

polygon 5m resolution 10m resolution 30m resolution

——

Smaller cell size Larger cell size

Higher resolution Lower resolution
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Extra related work

Voxelisation — sparse voxel
octree (SVO)

2

o
@ Empty voxel Full voxel i| Gray voxel
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Walls — observer point
columns
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Alternative tile configuration

Buffer
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Results - General
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Filter neighbouring buildings on the extent of
the sun ray
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