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Providing the informal city with infrastructure: multiple urban domains.

Without mapping, the provision of urban infrastructure is jeopardized.

In particular: ENERGY . Eypensive energy fees in Brazil,
* Volatility of energy fees,
* Energy losses in favelas,
-’ * Socioeconomic vulnerability,
* ENERGY POVERTY !
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In S&o Paulo: favelas similarly lack infrastructure; SDI allows a broader investigation. 8
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Research Questions

_?E'El “How far is it possible to perform solar analysis on buildings of
)~ ~+| favelas in Sao Paulo, with the goal of estimating PV Potential?”

@ Roof Mapping
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* Minimum data requirements

« Automatization / Complexity

« Self-contained or package

* Running time

» Assessable feature types

» Simulation flexibility

» Time granularity / Output data model

» Level of accuracy (ground truth)

@@I\ ||||\; ®x

Minimum geodata to map roofs
Algorithmic steps
Existing algorithms suitable for favelas

Specific methodology for favelas
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Cross Domain Research

Geomatics Formal &
+ Informal

Energy City

Geomatics
+

3D
Modelling

Urbanism, Geomatics & Building Physics.

10



Related Work

Introduction # Favelas 4D

Theory &
Literature
Method
Experiments
Results
Conclusion

Lange (2015)

intersection lines Global solar b - » o

i g iradiance [kW/m?] ", ¥ * g2 gd -'
building = ot g
points . iy : . .‘

g : e & -
P N ~
‘ of - boundary

z - lines

“Terrain
points

: @ <
m ® E i
3 Ohori et. al. (2021)
TU Delft Reference literature for building reconstruction and solar irradiation analysis.




General Pipeline

Introduction
Theory & Literature

Method
Experiments

Lidar 3D Building Building Roofs

Data Climate Datasets

E i
Res u Its Point cloud E Reconstruction i
' i
. 1 1
Conclusion T e eeeemommmmeee
Solar Modules !
i
i
GRASS GIS Data Preparation —_ Data Processing Data Visualisation H
Input Files Solar Module Mapping / Charts 1
Raster-Based i
Model i
ArcGIS Data Preparation - Data Processing Data Visualisation :
Input Files Solar Module Mapping / Charts '
h
i
2D Footprints CitySim Data Preparation - Data Processing Data Visualisation ! Comparison
LoDO Buildings Input Files Solar Module Mapping / Charts H Usability Modules
i
:
' SimStadt Data Preparation —_ Data Processing Data Visualisation 1 Comp
! Input Files Solar Module Mapping / Charts / [Weather Ground Truth|
! Vector-Based :
'
] Ladybug Data Preparation __3, Data Processing Data Visualisation i
! Input Files Solar Module Mapping / Charts H
2 o 2
2, £ [
T 0 Virtual City Sy Data Preparation - Data Processing N Data Visualisation —:’,
é;é Input Files Solar Module Mapping / Charts £
&3 / 8
Meteorological o, Weather Datasets .
| 1
' i
' i

]
TU Delft Two topics: Solar irradiation modules | Roof mapping. 12




The Spatial Data Infrastructure
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Main data sources: Geosampa and INMET. 13




Scenario Brasilandia and Scenario Santana
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Extended Scenarios Brasilandia & Santana

s W/ BINGY - 2 . % RN 2 ;
4 < p j \ > : I~ — Y ‘ Q*;“: \ ‘3\\ S %"%\}g& A ! ';" '?-
. 4 j | /Y \* 9 o ot : 7 >

Introduction
Theory & Literature
Method
Experiments
Results

Conclusion

S . <

An interactive process: geographical extent, model complexity and irradiation accuracy.
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Raster-Based Models

3|
b

Raster models are necessary for the simulations in GRASS GIS and ArcGIS.
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Vector-Based Models

Vector models are necessary for the simulations in CitySim, SimStadt, Ladybug and VCS,,
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Vector-Based Models
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Relief, buildings and trees are responsible for most of the shading effect in the model.
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Weather Station Data
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Weather data from 24/06/06 to 12/07/21 averaged into typical hourly values.
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GRASS GIS
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Raster-based solar module; Weather data handled by the software.
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Raster-based solar module; Weather data handled by the software. o1
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Vector-based solar module; Weather data from TMY3 file; Derived direct and diffuse irrad., ,
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Vector-based solar module; Weather data from EPW file; Derived direct and diffuse irrad. ,,
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Raster
DSM

Multiple steps

Self-contained

HH:MM:SS
00:19:01
All features
accepted
No
flexibility

Daily

Raster file

Raster
DSM

One-click basis

Self-contained

HH:MM:SS
04:43:41
All features
accepted
Minimal

flexibility

Daily

Raster file

Qualitative Comparison

example

CityGML + CLI
+ (Opt. HOR)

One-click basis

Package of
Solutions
BRA 3 hr

SAN £7.5 hr
Buildings +

Trees + Relief
No

Flexibility

Hourly

TSV file

CityGML
(Opt. TMY3)

One-click basis

Self-contained

HH:MM:SS
00:08:06
Only
buildings
No
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Each solar modules offers potentialities but also limitations: no straightforward choice.
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TU Delft Simulated values for Santana are confronted with ground truth data (INMET). 7




Quantitative Comparison - Santana
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TU Delft Two analyses: sum of total energy per year; RMSE between timeseries. 8




Quantitative Comparison - Brasilandia
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TU Delft Monthly correction factors from Santana applied to 301 buildings in Brasilandia. 29
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General annual analysis: GRASS GIS with higher values, others with similar values.
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Quantitative Comparison - Brasilandia
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Quantitative Comparison - Brasilandia

H”\ }”"y N

-

25

VILA amsu@

Monthly Weighted Averages of Global Solar Irradiation - kWh/m? I
300

250
200 AC. SAO LAZARO A. DE BARROS
150

100

50

1 2 3 4 5 6 7 8 9 10 11 12
«=GRASS GIS ==ARC GIS CITYSIM  ==SIMSTADT «=LADY BUG «=\/CS SOLAR

Monthly Weighted Averages of Corrected Global Solar Irradiation - kWh/m?
300 |

250
200

150

100

50

1 2 3 4 5 6 7 8 9 10 11 12

«=GRASS GIS ==ARC GIS CITYSIM  ==SIMSTADT e=LADYBUG «=\/CS SOLAR &

R
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Quantitative Comparison - Brasilandia
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Official vs. Reconstructed Footprints
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Morphological Overview

Resulting footprints as input for a new CityGML model: volume and roof height statistics. ,,
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Statistical Analysis
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In general, slightly smaller and lower building roofs, satisfactory for irradiation analysis!
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Results

Roof Mapping

. Coherent overall disposal of the reconstructed building area.

. Still, too many small and complex polygons.

. Attention to water tanks and other elements on building roofs.

. Post-processing pipeline mitigates these issues, but still some complexity remains.

. Final building roofs are slightly lower and smaller, but offer similar designing conditions.
. Solar irradiation (kWh/m?) analysis is still possible as a first approximation.

. Further research with other favelas could evaluate the methodology.

Solar Modules — Qualitative comparison
. Each software offers potentialities but also limitations: no straightforward choice.
. Morphological characteristics of the favela should be considered.

Solar Modules — Quantitative comparison — Santana

*  ArcGIS: closest annual sum of irradiation values (0.89% higher than ground truth).

. CitySim: best correspondence to the ground truth curve (lowest monthly/annual RMSEs).
. GRASS: distance to ground truth sum ~ CitySim, but higher RMSE values.

. SimStadt & Ladybug: direct and diffuse inputs, therefore lower annual sum and higher RMSEs.

. VCS Solar: relative low RMSE values, but larger distance to ground truth sum.
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Results

Solar Modules — Quantitative comparison — Brasilandia

. GRASS: for the general curve and in most specific buildings, major differences both in magnitude
(higher values) and in trend (local peaks).

. Other 5 modules: relatively similar curves — general but also specific ones — with minor offsetting.
The correction factors approximate the results.

. VCS Solar: Irradiation differences among adjacent buildings within the month, especially for the
informal settlement.

Choosing a Solar Module for Favelas

. Two criteria: geometrical model and weather dataset.

. If post-processed footprints are too complex / unrealistic: raster-based approach for solar overview.
. If resulting CityGML model is simple and representative: CitySim — weather data input is retrievable.

“How far is it possible to perform solar analysis on buildings of favelas in Sao Paulo, with the
goal of estimating PV Potential?”

Roof Mapping — complex technical challenge, post processed footprints as a first approximation.
Solar Modules — solution based on the geometrical model and weather data availability.

43



]
TUDelft

Thank you !
Obrigado !
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