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ABSTRACT 
Using 3D city models for urban energy analyses requires certain semantic and geometrical information of 

each building. The quality of the resources for such information defines the quality of the outcome of 

energy simulations as previous research has shown.  

In this thesis, it will be analyzed to which extent of quality and reliability a cooling energy demand 

simulation in Singapore is possible. This includes an investigation on analyzing the quality of available 

information and existing building geometries. Based on the outcome of the simulation, recommendations 

for improving the input datasets will be made. It will also be analyzed if the implemented cooling energy 

calculation method in Simstadt is suitable for the given data model and climate region. Additionally, a 

concept of visualizing the results in 3D is elaborated to enable an intuitive assessment of the energetical 

performance of buildings.  

This thesis discovered as a result, that the simulation methodology as already applied in Germany is 

capable of calculating plausible results, but still has the potential to be improved in accuracy when having 

input parameters more oriented on the Singaporean building stock. It has also been found that the 

EnergyADE is a suitable data model for storing the needed input data. The 3D-visualization has been 

proven to consolidate information conveniently. 
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INTRODUCTION 
Investigating the resource consumption leads to the fact that 75% of all resources are consumed by cities. 

But these urban areas only make up 3 % of the worlds surface. Additionally, to the resource consumption, 

cities are accountable for 80% of greenhouse gas emissions.  

By the background of these facts, the search for new technologies and processes in order to reduce the 

environmental footprint of cities on the planet is pursued as never before. The concept “Smart City” 

contains solutions leading to environment-friendlier urban areas.   

Singapore is one of the leading Smart Cities in the world. In the government initiative “Smart Nation”, 

several projects leveraging the use of 3D City models have been initiated. Some Examples for such projects 

would be “Virtual Singapore” and “Singapore Advanced Map”, where several urban analyses are made 

possible. These analyses range from estimating the solar potential on each building’s roof to simulating 

the windflow between buildings.  

In this thesis the 3D city model is put to the use of cooling energy simulations. Given the fact that the 

average temperature in Singapore is 26 degree throughout the year, the buildings are not required to be 

heated at all. This leads to the circumstance that the biggest share of the building’s consumed energy is 

accounted to the use of cooling. This fact can be seen in below figure.   

 

Figure 1 Share of Energy-Uses in Residential and Commercial Buildings 

Being able to predict the cooling energy demand gives the chance to optimize current planning workflows 

by highlighting problematic areas in terms of energy use efficiency directly in the city model.  

  



RESEARCH QUESTIONS  
Based on the fact that a cooling energy demand simulation on urban scale has never been done before, 

the overall goal of this work will be to introduce a concept, describing how cooling energy demand using 

the 3D city model of Singapore can be made possible. For that several sub goals can be derived. The 

existing German method (DINV 18599, as incorporated into Simstadt) is tested on transferability to other 

countries. Also tested is, if the buildings as they are modeled now are applicable to the data requirements 

in Simstadt. Additionally, a pilot application for consolidating and sharing the simulation results should be 

set up and checked against user-friendliness and plausibility. 

 

3D CITY MODEL OF SINGAPORE 
The 3D city model in Singapore has been created by an external company (“AAM”) on request by the 

Singapore Land Authority. It should serve as the digital framework for the Smart Nation initiative. For the 

creation of the city model, several imaging flights above Singapore have been made where oblique and 

nadir imagery has been captured. Using the aerial images, a semiautomatic way of modeling LOD1 and 

LOD2 buildings in the standard CityGML has been found. In order to increase the accuracy of these models, 

5500km of high-density mobile LiDAR scans and spherical imagery has been harnessed by using mobile 

mapping systems. In the end, 45 TB of raw 

data has been processed and fabricated into 

14 TB of deliverable data. In total around 

170000 buildings have been digitalized using 

this workflow. The storing of the 3D city 

model is organized using a GIS, where the 

area of Singapore is subdivided into several 

zones, each zone is then linked to a folder 

where the buildings are stored as single files.  

For the simulation workflows in this thesis 

three datasets have been used: Two datasets 

describing the area “Yishun” in the northern 

part of Singapore in LOD1 and LOD2, and a 

third dataset in LOD2 describing mainly buldings around the central business district. The dataset 

describing the central business district has been introduced in order to be able to compare simulation 

results to for this area existing real energy consumption values. The other datasets about Yishun are used 

to investigate methods for enabling Simstadt-compliancy and model validation. 

Figure 2 LOD2 Model of the district Yishun, North of Singapore 



ENERGY ESTIMATION WITH DIN V 18599 
In 2002, the European parliament initiated a directive requiring the member states to analyze and improve 

the energy efficiency of their building stock. Consequently, in 2005, the German Institute for Standards 

(“Deutsches Institut für Normung“) published a standard to assess the energy efficiency of buildings. That 

standard, called DIN V 18599, defines the algorithms and formulas needed to calculate demands for 

several types of energy in buildings. It consists of calculation methods for the assessment of the energy 

demand of heating, cooling, ventilation, hot water and lighting.  

In this thesis the formulas for estimating the cooling energy demand per building are applied.  

SOFTWARE: SIMSTADT 
The formulas for calculating the energy demand are incorporated into the software “Simstadt”. This 

software has been developed in the frame of a project with the same name and has been published in the 

year 2015. The aim of this Java-based software is to include physical models of buildings, energy systems 

and distribution networks for the energetical analysis of buildings on an urban scale. Here it is used to 

make assumptions on the cooling energy demand of buildings, by leveraging 3D data and attributive 

information on building scale.  

The software Simstadt has the requirement that two attributes per building need to be available. One is 

the year of construction and the other is the function of a building. Through the year of construction, the 

software connects to a library called Building Physics library, in which per building year epoch the most 

common fabric parameters per building type are stored. These parameters are subdivided per element of 

the building. For example, for each wall, window, roof, ceiling and floor, different material compositions 

can be configured and therefore different heat transfer coefficients can be set. The building types are 

driven by geometrical attributes which are given per building through the geometries in the 3D city model. 

To be able to also include occupancy behavior in terms of e.g. cooling periods, air exchange rates etc. the 

usage library is introduced. The parameters stored in that library are accessed through the attribute 

“function” per building.  

PREPARATION OF THE 3D CITY MODELS 
A strict requirement for getting plausible values, is that the 3D city model must be given with as few errors 

as possible. Erroneous buildings result in wrong volume calculations, which is one of the most important 

information for cooling energy demand estimation.  

Several steps were applied to reach compliancy of the CityGML files with Simstadt.  

 

Figure 3 Preprocessing steps of the 3D city models 
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Since the 3D city model of Singapore is stored in  a way that each building is described by one CityGML-

file, a software merging all buildings together to one coherent city model has to be created. This software 

has been realised using Java as plaform.  

 

Figure 4 Steps creating a combined CityGML File 

Missing Attributes 
A problem which occurred during a first investigation of the datasets, is that important attributes for the 

connection to the buildingphysics- and usage-library are missing. Namely the year of construction is 

missing in LOD2 and additionally in LOD1 the function of each building is not included. 

The problem of the function-attribute has been preliminarily solved by assigning a function to the buildings 

by visual investigation of the affected buildings.  

Assigning a function to a building delivers another problem: Walkways serving as sun protection for the 

pedestrians on their way to the entrance are modeled as single buildings. This has been solved by assigning 

a function to the walkway-geometries indicating that these are generally not cooled. Having inserted that 

identifier causes Simstadt to ignore all walkways modelled as buildings. 

 

 

This circumstance can be seen in Figure 5, where 

the same walkway as depicted in the 3D city 

model in Figure 6 is shown. The red color of the 

slim geometry appended to the green building 

indicates that a rather bad cooling energy 

demand value per m² has been calculated. This 

circumstance has its reason in the rather high 

outer surface area of the walkway geometry. It is 

hereby advised to include the walkway 

geometries into the module “cityfurniture” of the 

CityGML schema. 
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Figure 6 color-coded 3D Model indicating space cooling demand 

Figure 5 Google Maps image showing that a walkway has in general 

no cooling appliances 



The problem that a year of construction value is missing gives the opportunity to test the simulation tool 

regarding its sensitivity when changing the construction date. Figure 5 has been created by changing the 

year of construction for all buildings to a certain year. The years which have been entered are applied 

according to the buildingphysics-library, which is for the building type skyscraper (most common building 

type in Singapore) subdivided into 4 epochs.   

 

Figure 7 Simulation results for varying year of construction values per building 

Figure 7 shows that the simulation results for the building year in 2000 approaches the real consumption 

values the most. A visual inspection fortifies the assumption that most buildings are built in the year 2000 

in the test area. For all following tests the year 2000 has therefore been entered. 

Faulty Geometries 
In order to get the most plausible values out of Simstadt, it is required that buildings are modelled as 

errorless as possible. As already stated, a crucial part for the energy estimation to work is the calculation 

of the correct volume of a building. Should there be to many errors, Simstadt is assuming the bounding 

box of a building (the biggest possible volume) which is of course not the goal since this approach would 

deliver implausible simulation results which are not based on the real building’s shape.  

To introduce the possibility for Simstadt using the real geometries as a basis for the energy estimation, the 

city models are analyzed and repaired. The analysis has been carried out using CityDoctor v2.2.1, a 

software developed at the HFT Stuttgart, capable of detecting errors in 3D building geometries.  

For LOD1 buildings the error amount is rather small. Only 2,8% of all buildings carried errors in the 

geometry check. The found errors didn’t had any effects on the calculation of the volume and other 

geometrical attributes per building. Nevertheless, a fixture for the erroneous buildings has been applied 

in order to get general data integrity of the building in other applications. Error sources were duplicate 

points on several edges, too less points on a few polygons and a semantic error, some buildings were 

modeled as one but are spatially segregated.  



The LOD2 Buildings bear much more 

errors when investigating these with 

CityDoctor. Any LOD2 dataset had as 

result that all buildings have errors. The 

error source is that the buildings in the 

Singaporean 3D city model are intended 

to be modelled like alternative 3 in Figure 

8. The problem which occurred is that 

the buildingparts are not closed solids 

itself, but are opened at the locations 

where they connect to other 

buildingparts.  

 

 

A solution for that is to summarize all of the open buildingparts to one solid describing the whole building. 

This approach is shown in Figure 9 and solves the miscalculation of the buildings volume for a large number 

of buildings.  

A second approach has been tested, 

which includes the transformation of 

all areas to multisurfaces, which 

enables the validity of the dataset 

even though none of the buildings are 

closed watertight. This approach leads 

to non-plausible simulation results 

since for all the buildings the bounding 

box has been assumed as volume. The software for summarizing all buildingparts to one solid has been 

realized using Java. A proof that the approach has an effect on the plausibility is given in figure 10. Having 

applied no modification and modeling buildingparts as multisurface delivers far too high energy demand 

values. The average of the real consumption values lies at 276.86 kWh/m².yr where the faulty modeling 

approaches results in values approx. 4 times higher.  

Figure 8 Ways of modelling buildings with buildingparts in CityGML 

Figure 9 Solution: summarize all buildingparts to one solid 



 

Figure 10 Comparison of simulation results for three ways of modeling the building-parts in LOD2 (Area Yishun) 

IMPROVING THE SIMULATION IN SIMSTADT 
Now being able to import a fairly valid and complete model into Simstadt, the influence on changing the 

input parameters is investigated. For that several parameters stored inside the Buildingphysics-library are 

changed slightly to a certain degree, and the influence of each parameter on the simulation result is 

analyzed. It has been found out that the biggest influence is given by the average storey height a certain 

buildingtype has.  

Also investigated is to what extent the detail richness is contributing to a change of the simulation results. 

Here it has been found out, that LOD2 buildings have in general higher values, mainly because of their 

fairly higher outer surface area, where cooled air can be transmitted to the environment.  

Since all simulations to this point have been made using additional information based on the German 

building stock, a parameter-set has been defined to form a preliminary Buildingphysics- library oriented 

on the Singaporean building stock. Differences in the outcomes when using different parameter sets can 

be seen in Figure 11. Here it can be seen that the values calculated using the Singaporean library is 

approaching the real consumption values quite well. By this observation it can be assumed that having a 

more detailed and comprehensive building physics description, a more plausible simulation result can be 

expected.  



 

Figure 11 Comparing Simulation results using a preliminary Singaporean Buildingphysics-Library  

SHARING AND CONSOLIDATING THE RESULTS 
Since a cooling energy demand simulation has been made possible throughout the thesis, it is advised to 

also provide a way of sharing the results for the use in other applications. The EnergyADE delivers a good 

framework for incorporating the now calculated energetical attributes per building. All calculated values, 

such as geometrical properties like the volume or the outer surface area, and the estimated energy 

demand in monthly and yearly scale are included directly into the CityGML code of one building. Having 

used the EnergyADE paves the way for the energetical information to be included in other GIS driven 

applications making use of CityGML. Also storing these information in databases like 3D CityDB is therefore 

enabled. 

In order to consolidate the 3D city model along with its energy performance estimation, a web-application 

has been set up. Based on the Cesium javascript library a 3D representation is created. The user is able to 

see the 3D buildings colored in a way that shows the specific space cooling energy demand (the energy 

demand calculated per m² of each building). Clicking onto each building opens a window showing 

additional information, clicking onto “Monthly chart” shows the monthly energy demand presented as a 

graph. Hovering over the graph shows the absolute value per month. Along with that the option to show 

all attributes calculated in the Simstadt workflow for the selected building is given by pressing onto the 

“More Details”-button. It is also possible to switch between the detail levels, for visually assessing the 

influence on the simulation result when using different LOD’s. A screenshot of the application is shown in 

Figure 12. 



 

Figure 12 Web application based on Cesium 

CONCLUSIONS 
The research has shown that a cooling energy demand prediction resulting in plausible values is possible. 

Although some aspects impede a further approximation on real consumption values, namely a missing 

dependable source of building-physics parameters and a way of modeling the buildings which are not yet 

energy-simulation-compliant. For the geometrical modeling, a way of still being able to get dependable 

results has been shown.  

Another aspect of this thesis is to provide an approach to visualizing the simulation results. Being able to 

do a simulation using the software Simstadt enables different ways of sharing the results in several Smart 

Nation projects. A way how to leverage the simulation results in urban planning projects was 

demonstrated with a concept for a 3D visualization of the provided city models in combination with their 

predicted energy value. Introducing the EnergyADE shows a possibility how the results can be shared to 

other systems. The example dataset created in this thesis covers the function as an archetype of how 

energetical information is included directly into the city model.  

This thesis also shows that for the sake of improving the simulation results it is worthful to initiate projects 

with the goal of describing a Singaporean building typology along with a collection of building physical and 

usage related parameters.  

 


