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ABSTRACT: 

In order to meet the increasing needs of housing and services in urban areas, cities are densified. When densifying a city, it is important 

to provide good living conditions while maintaining a low environmental impact. To ensure this, the urban planning process should 

include simulations of e.g. noise and daylight conditions. In this paper we describe a newly started projected directed towards the need 

for quality-assured and harmonised input data to the simulations, in the form of 3D city models. The first part of the paper includes the 

background and research questions of the project and in the second part a tool for daylight simulations on neighbourhood level is 

introduced, a tool that will be utilized for evaluating the 3D city model design. 

1. INTRODUCTION

In order to meet the increasing needs of housing and services in 

urban areas, cities are densified. When densifying a city, it is 

important to provide good living conditions while maintaining 

a low environmental impact to ensure a sustainable 

development. To achieve this, the urban planning process 

undertakes several steps including communication with 

relevant stakeholders and the public. At the early stages of the 

planning process, alternative designs of the planned buildings 

and infrastructure can be evaluated e.g., by using simulations 

and parametric modelling. However, the possibility of using 

simulations in the urban planning process has not reached its 

full potential in most countries. There are several reasons for 

this underutilisation. One main reason is that the (legal) 

planning process, and the legal documents associated with it, 

are not designed for new digital opportunities. Another reason 

is that simulations are hampered by a lack of adapted, quality-

assured and harmonised input data, e.g., in the form of 3D city 

models. In this paper, a newly started project is described that 

addresses the latter issue with the focus on noise and daylight 

simulations. The noise that is of main interest here is the one 

generated by traffic, industries, etc., while noise generated by 

e.g., a person him-/herself or loud neighbours are not included.

In daylight we include both the passive use (in indoor as well

as outdoor environments) and active use (photovoltaic and solar

thermal). However, other building energy simulations, not

concerned with daylight, are not included in this study (as in

e.g., Wate & Coors 2015).

In the first part of the paper, the background and research 

questions of the project are described and in the final part 

development of a simulation tool is described. The project is 

designed in a Swedish context, but much of the content is 

universal. 

1.1 Data flow to support noise and daylight simulations 

The vision is to design, create and maintain a 3D city model that 

supports noise and daylight simulations (Figure 1). The 3D city 

1 https://www.smartbuilt.se/projekt/informationsinfrastruktur/3cim/ 
2 https://www.lantmateriet.se/sv/webb/smartare-

samhallsbyggnadsprocess/nationella-specifikationer/ 

model will be based on a forthcoming Swedish profile of 

CityGML (that is currently under development in the national 

project 3CIM1). This national profile will likely need to be 

extended with some additional information which hopefully 

could be added to the Swedish profile in the future. To ensure 

that the 3D city model is up to date, there is currently ongoing 

work to map the 3D city model to the municipality 2D/3D 

databases, as well as defining national specifications for the 

2D/3D geodatabases (as part of the governmental mission 

Smartare Samhällbyggnadsprocess2).  

The detailed development plans (the legal document that 

regulates what is allowed to be built on an area in Sweden) 

have an important role in the simulations (Kanters & Wall, 2018). 

Some detailed development plans regulate in detail what is 

allowed to be built, defining e.g., the building envelopes. In this 

case, it is important that simulations are performed already during 

the creation process of the detailed development plans. In other 

cases, the detailed development plans are more open and set a 

framework of what is allowed to be built. This implies that the 

detailed development plans could work as input to the simulation 

tools, where their imbedded regulations act as constraints in the 

simulations. So far, few simulation tools allow this import, but 

this will likely      change as an effect of a new Swedish law that 

requires that all future detail development plans must be machine 

readable3. 

Figure 1. Data flow to support simulations. 

3 https://www.boverket.se/sv/samhallsplanering/digitalisering/digitalis
ering-av-planeringsprocessen/digitala-detaljplaner/ 
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The simulation tools should be able to export      their results back 

to the 3D city models. This export should include proposed 

buildings (envelopes), if such are created in the simulations, as 

well as estimated noise / solar daylight values on e.g., façades. 

These estimated values should then be possible to visualise 

together with the current 3D city model. This approach requires 

that the 3D city model can handle future scenarios, which is 

proposed to be included in the new CityGML 3 conceptual model 

(cf. Chaturvedi et al. 2016). 

 

1.2 Noise simulations 

The European Union (EU) has formulated the Environmental 

Noise Directive (END; 2002/49/EC) as a common management 

plan to deal with urban noise. The Directive requires member 

states to determine the citizens’ exposure to noise      through 

simulations. Details of how to perform noise simulations aligned 

with      END is provided by the Common framework for Noise 

aSSessment methOdS (CNOSSOS; Kephalopoulos et al., 2012). 

The CNOSSOS framework includes details of how noise is 

generated by road traffic, railway traffic, aircrafts and industries 

as well as details of how the noise propagation should be 

estimated. However, CNOSSOS does not include details of how 

the physical environment should be modelled (Kumar et al., 

2020), i.e., there is no details of how the obstacles (e.g., building 

and noise barriers) should be modelled. Examples of input data 

for the simulations that should be retrieved from the city model      

are building usage, number of floors, height, and dwellings. 

 

Additional noise simulation models are presently used in 

Sweden, such as the NV 96 and Nord2000. These models are 

used on a detailed level and are important in e.g., the creation of 

detailed development plans (Ögren & Ryberg 2015). The models 

demand similar data as CNOSSOS, but the level of detail varies 

between the models. For instance, CNOSSOS and Nord2000 use 

5 classes of vehicles, while NV 96 only uses two.    

 

There is a number of sources of uncertainty in noise simulations 

related to method, data and parameter settings. In this project we 

focus on the harmonisation of the input data. We will use 3D city 

models based on the forthcoming Swedish profile of CityGML. 

This profile will include a national measuring guideline that e.g., 

describes the obstacles (buildings, walls, etc.) in more detail. But 

even though there is a common measuring guideline, the data will 

not be fully harmonised, partly since various data collection 

techniques can be used. One issue to investigate is whether it is      

sufficient to rely on measuring guidelines (and if so, how these 

should be defined) or if there must be a common national data 

collection strategy specifically for noise modelling (cf. Stoter et 

al. 2020 who argues for the latter).     

 

1.3 Daylight simulations 

Kanters et al. (2021) conducted a series of workshops with urban 

planners in two Swedish municipalities concerning how they 

consider solar access in their planning. The study revealed that 

currently, the urban planners consider the daylight requirements 

indoors, but very seldom the sunlight access on the building 

envelope and the outdoor environment, and they almost never 

consider active use of daylight (for e.g., photovoltaic applications 

such as solar panels). Reasons for this is a lack of normative rules 

(legislation and/or practice), lack of solar access metrics for 

outdoor environment (including threshold values) and lack of 

suitable tools and input data. This situation is unsatisfactory since 

there is a need to include daylight and solar access in early phases 

                                                                 
4 https://task63.iea-shc.org/ 

in the urban planning (Lundgren and Dahlberg 2018); the current 

practice of separating urban space design and solar access 

planning is not a good solution for the future.    

 

The detailed design of the indoor daylight is done by 

architects/engineers at a later stage in the building design process, 

since it is a legal requirement in the building permit process. 

These requirements will be enhanced when Sweden adopts the 

new European standard for daylight simulations (EN 

17037:2018). This standard includes stricter rules for daylight 

conditions, e.g., threshold values for daylight conditions in rooms 

and direct solar access on windows for a certain time period. 

Obtaining good indoor daylight conditions is important, among 

other it has been shown that access to incoming daylight 

increases the employers’ productivity and real estate value 

(Turan et al., 2020; Yang & Nam, 2010). 

 

To evaluate the indoor daylight requirements in future buildings, 

simulations are essential. There are several simulation tools 

based on Computer Aided Design (CAD) and Building 

Information Modelling (BIM) that can perform daylight 

simulations but most of these tools are designed for single 

buildings, or small groups of buildings, and are therefore not 

suitable for city densification studies or for design of new 

neighbourhoods (see e.g. Kanters & Wall, 2016; Jakica, 2017; 

Eicker et al., 2014). There are also solar energy tools for larger 

areas, mainly based on GIS and 3D city models, but these tools 

seldom include simulations of indoor daylight conditions. 

Furthermore, many of these tools only consider roofs, which is 

often insufficient in Sweden which at equinox (around 21st of 

March/September) has a solar altitude of 22 degrees in Northern 

part and 35 degrees in Southern part at noon (see e.g., Dubois et 

al. 2019).       

 

There is an increasing research interest to perform daylight 

simulations in larger areas. Within the international Solar 

Heating and Cooling programme there is a project Solar 

Neighborhood planning4 that address both the active use of 

daylight (solar thermal technologies and photovoltaics) and the 

passive (well-being of humans in both indoor and outdoor 

environments). One subtask within this project concerns solar 

planning tools on the neighbourhood level. Our project will 

cooperate with this subtask concerning the requirement of the 

input data to the solar planning tools.   

 

There are no requirements on the input data to daylight 

simulations in the current Swedish legislation nor in the EN 

17037:2018 standard. In general, the simulations require 

geospatial data (building surfaces, digital elevation model and 

vegetation data) and weather data. Fenestration (openings in the 

building envelope) details are also interesting from an indoor 

perspective. Another important factor in daylight simulations in 

a high latitude country such as Sweden is the reflectance 

properties of façades. This is important since a large portion of 

the indoor daylight (in dense areas) is reflected from other 

buildings (Dubois et al. 2019). 

 

3D City models are attractive to be used for daylight simulations 

since they potentially include all the geospatial data required. 

Standardized 3D city models would also entail a good possibility 

to harmonize the simulations on a national level. Currently, most 

3D city models (in Sweden) are in LOD2 and lack necessary 

window information (and reflectance properties). In the context 

of city densifications, windows for planned buildings (as well as 

reflectance properties) can be extracted from BIM (cf. Huang et 
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al. 2020) and for existing buildings from street view images (cf. 

Kong and Fan, 2021). An important issue here is also the 

requirement of the data quality of the 3D city models to support 

accurate simulations, which has e.g., been studied by Biljecki et 

al. (2015). 

 

Several of the urban planners that participated in the workshops 

arranged by Kanters et al. (2021) argued that they need easy to 

use (daylight) simulation tools to be able to iterate and evaluate 

design proposals. To realize this in practice, it is important that 

the simulation results can be exported and visualized together 

with other information. Also, here the 3D city models are crucial 

since they have the potential to include simulation results and 

create scenarios. A prerequisite here is that there are objects in 

the city model which can store the simulation result, e.g., window 

objects that could store daylights metrics (as used in e.g., EN 

17037:2018) and façade/roof objects that could store e.g., 

estimated irradiation (both in vertical/horizontal and optimal 

direction). These simulation values could be both static and 

dynamic; for the latter one issue to study in this project is how 

this dynamic information could be stored using the Dynamizer 

module in CityGML3, see Kutzner et al. (2020). Visualizations 

in the planning stages are also important to be able to evaluate 

the aesthetic aspects of adding e.g., solar panels on roofs and 

façades (for a discussion about this need see Lundgren & 

Dahlberg 2018).    

 

2. DESIGN AND IMPLEMENTATION OF A TOOL FOR 

SOLAR METRICS ESTIMATION 

The main focus in our project is to study requirement of input 

data to noise and daylight simulations, but in parallel we 

tailor/develop some tools for testing the data models. For our 

studies of simulation of (yearly) irradiation on windows for larger 

areas, applicable for e.g., a city densification project, we want an 

open source platform. We decided to use the platform The Urban 

Multi-scale Environmental Predictor5 (UMEP; Lindberg et al., 

2018) which is a QGIS plug-in of the SEBE model (Lindberg et 

al., 2015). UMEP is, among others, capable of simulating 

irradiation on façades and roofs for large areas. Input to the 

simulations are a digital surface model (DSM; that could include 

building, vegetation, etc.) and building footprints. From our 

requirements, UMEP has two shortcomings: 

1) It does not include window information. 

2) It cannot export the result to a 3D city model. 

Therefore, we developed an own (open source) tool to solve these 

shortcomings in the UMEP platform. 

 

2.1 Implementation details 

Figure 2 describes the main workflow of our tool (for details, see 

Nezval, 2021). The tool uses the simulated energy values from 

UMEP (on both roofs and façades) as input and links these values 

to buildings in a city model (stored in CityJSON) that includes 

windows. Then the irradiation is estimated on window level, 

facades as well as roofs and the result is exported back to the city 

model. The tool is implemented in Python and is available on 

GitHub5. 

 

                                                                 
5 https://github.com/petnez9/daylight_estimation_tool 

 
Figure 2. Main workflow of the tool. 

 

 

3. EVALUATION OF THE TOOL 

Evaluation of the tool should ideally be done using a city model 

in at least LOD2 with window information (based on the 

forthcoming Swedish national standard). Since this data is not 

available yet (the available city model does not contain any 

window information nor is it following the CityGML/CityJSON 

standard), we created our own      input data for a first evaluation 

of the tool. 

 

3.1 Study area 

The study area is located in the Spoletorp neighborhood, near the 

Central station, in the city of Lund, Scania Sweden (Figure 3). 

The buildings in the area are already constructed, the focus in this 

paper is on evaluating the tool. 

 

 
     Figure 3. Study Area in Lund. Approximate coordinates of 

the area are 55.709°N and 13.186°E. Source data: OSM, 

DivaGIS. 

 

3.2 Creation of 3D building input data 

The 3D building data with window information (top left in Figure 

2) were created from street images and building footprints using 

an interactive platform (developed by Fan et al., 2021) as 

described in Figure 4. The approach is based on a convolutional 

neural network (CNN) to automatically detect the bounding 

boxes of windows and doors on facades of these buildings (Kong 

and Fan, 2021). The CNN approach achieves good results for 
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facade parsing of windows, doors, balconies, roofs, and shops by 

combing pixelwise segmentation and global object detection. In 

this study, Google Street View images were used as the street-

level image data source. The locations, sizes, and layouts of 

windows and doors on the facades were semi-automatically 

corrected from perspective distortion and some detect errors by 

using the interactive platform. Then, the georeferencing was 

conducted manually by registering corresponding façade images 

with their building footprint edges obtained from Open Street 

Map (OSM). The challenges in the study area are: (1) the lower 

windows are often hidden by trees in the images, (2) the lengths 

of some facades are too long to be covered in one street-level 

images, which makes the correction of windows and doors and 

georeferencing more difficult. Hence, some extra interactive 

work was necessary. Currently, roof structures are simply 

modelled as flat planes; this is not ideal but sufficient to      

evaluate the performance of our tool. The resulting 3D building 

models, illustrated in Figure 5, are stored in CityJSON. 

 

 
Figure 4. The framework of 3D building reconstruction for 

creating the input data. 

 

  
 

Figure 5. 3D building objects in the study area. 

 

3.3 Simulation with UMEP 

The DSM for the simulations was created by the 3D building 

objects in Figure 5 and a digital elevation model (DEM) from the 

Swedish mapping, cadastral and land registration authority 

(Lantmäteriet) with 2 m spatial resolution. The DSM was then 

resampled to 1 m, which is then the geometrical resolution in the 

simulations. Figure 6 illustrates the simulated irradiation values 

(which are stored in the bottom left files in the workflow in 

Figure 2). 

      
Figure 6. Annual solar irradiation values of the buildings in the 

study area simulated by UMEP. 

 

3.4 Application of the tool and export of simulation result 

Our tool computed the irradiation values for the windows (in 

Figure 5) based on the UMEP simulation result (in Figure 6). The 

irradiation values were then stored as attributes in the CityJSON 

file. 

 

3.5 Future development 

Three future steps are: (1) to study the effect of densifications 

(new buildings) on solar irradiance in the study area, (2) estimate 

and visualise dynamic solar irradiance values (of interest here 

could e.g., be the new Dynamizer module in CityGML3, see 

Kutzner et al. 2020) and (3) link the simulations to the detailed 

development plans.   

 

4. CONCLUDING REMARKS 

The workflow in Figure 1 assumes that there is an advantage of 

using a standardised 3D city model for noise and energy 

simulations. This is recommended in much academic literature 

(e.g., Kumar et al., 2020), but in production it is still more 

common to map the (geo-) data sources directly to the simulation 

tools. The arguments to use a standardised 3D city model is that 

it better harmonises the data, that scenarios can more easily be 

shared by simulation tools and that visualisations can be created 

that incorporates result from several simulation tools. But these 

advantages need to be verified in practical studies, which we aim 

to perform in this project e.g., by using tools similar to the one 

described above.  
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