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Abstract 

Energy simulations in the urban context are valuable tools 

for decision-makers and policy-making. Different data 

requirements need to be fulfilled for considering the 

buildings in dynamical building simulations. The 

information stored in City Geography Markup Language 

(CityGML) can build the basis for semantic and 

geometrical data requirements. This work introduces gh-

urban, a self-developed open-source tool to enrich 

CityGML with energy-relevant information, simulation 

boundaries, and simulation results. The tool can import 

and modify relevant semantics and geometries of 3D city 

models for simulations based on Grasshopper and 

automate the process of making energy models. The 

acquired data will be enriched in the Energy Application 

Domain Extension (ADE) structure for different use 

cases. For proof of concept, the connection of the urban 

modeling interface (umi) and gh-urban is investigated in 

an urban district in Munich as a case study. 

Key Innovations 

 Importing and modifying semantics and 

geometrical properties of CityGML in 

Grasshopper, Rhinoceros 3D 

 Enriching and storing relevant energy data, 

simulation results, and boundaries in the 

CityGML Energy ADE 

 Automating the process of generating urban 

energy models 

Practical Implications 

The gh-urban tool can be utilized by architects, engineers, 

and urban planners to generate dynamical building 

simulations based on CityGML automatically. The 3D 

city model can be modified for various retrofit, 

densification scenarios. The plugin's output is an enriched 

CityGML Energy ADE that different decision-makers can 

utilize for better policy implications. 

 

Introduction 

Due to continuous urbanization, cities around the world 

are rapidly changing. Densification scenarios, retrofits, 

and new constructions need to be carefully designed and 

optimized by different involved actors. Urban simulations 

are helpful tools to support decision-making in this 

context. The energy demand, outdoor and indoor comfort, 

and daylight are some of the criteria that need to be 

optimized. Dynamical simulations are required to 

quantify different scenarios. However, for these 

simulations, different data and information are required. 

The basic semantic and geometrical information stored in 

3D semantic city models, e.g., CityGML, CityJSON, can 

build the basis for these simulations. CityGML data builds 

the typical application for urban scale investigations 

(Kardinal Jusuf, Mousseau, Godfroid, & Soh Jin Hui, 

2017). 

Nonetheless, this information is not sufficient to create the 

simulation models. Therefore, the data in the CityGML 

(Gröger, Kolbe, Nagel, & Häfele, 2012; Kolbe, 2009) 

need to be enriched based on assumptions and standards 

to fulfill the simulations' requirements. CityGML data are 

3D virtual city models that are Extensible Markup 

Language (XML)-based and enable the storage and 

exchange of information issued by the Open Geospatial 

Consortium (OGC) (Kolbe, 2009). Different Application 

Domain Extensions were introduced to extend the utility 

of CityGML. The Energy ADE definition makes it 

feasible to enrich and extend the CityGML data semantics 

(Agugiaro, Benner, Cipriano, & Nouvel, 2018). Through 

this ADE, attributes like occupant behaviour, material and 

construction, energy systems, and building physics can be 

added to original CityGML data. Compared to the IFC 

(Industry Foundation Classes) and gbXML (green 

building XML) data exchange format, which focus solely 

on the building level, the CityGML Energy ADE can be 

used both on a building and urban scale (Agugiaro et al., 

2018). For more information about the Energy ADE and 

its developments, we refer the readers to the publication 

of Biljecki et al. (Biljecki, Kumar, & Nagel, 2018). 

Different urban simulation tools are already available, 

e.g., SimStadt (Nouvel et al., 2015), City Building Energy 

Saver (CityBES) (Hong, Chen, Lee, & Piette, 2016), umi 

(Reinhart, Dogan, Jakubiec, Rakha, & Sang, 2013), which 

integrate CityGML. However, these tools cannot 

modify/enrich the semantics and geometry of CityGML 

data or export the results and boundaries to the same data. 

Some efforts have been made to automate the process of 

enriching and automating the urban simulation processes 

based on 3D city models. TEASER,  an open-source 

software that enriches CityGML with statistical data, 

generates a Modelica model (Remmen, Lauster, Mans, 

Osterhage, & Mueller, 2016). The tool is limited to the 

specific modeling language Modelica, and generates 

dynamic building performance simulation through 
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Reduced Order Model (ROM). Hence, the enrichment and 

energy model generation approach is tool-specific. 

Therefore, we implemented a Python tool to modify and 

enrich the data required for urban investigations and built 

an interface to connect it to different open-source 

simulation software without focusing on a specific tool. 

The tool can be used directly in Python or as a visual 

programming interface (Grasshopper, 

https://www.grasshopper3d.com) component for broader 

usability. Grasshopper is commonly used among 

architects, civil engineers, and other disciplines as the 

programming language is simplified through different 

components. The Grasshopper component enables 

modifying the geometry in Rhinoceros 3D 

(https://www.rhino3d.com). Additionally, the semantic 

and geometrical information stored in the CityGML can 

be used in different open-source tools based on 

Grasshopper and Rhinoceros.  

This paper is structured as follows: The method section 

demonstrates the workflow of the automatic import and 

enrichment of the data in Grasshopper and the export of 

the relevant information in the energy ADE data structure 

through gh-urban. In the case study section, the tool and 

method are investigated in a city district with 105 

residential buildings as proof of concept. In the case 

study, the urban simulation environment umi is utilized 

for conducting the energy demand simulation. 

Furthermore, the energy simulation results are integrated 

into a Life Cycle Assessment (LCA) tool called urbi+ 

(Harter, Willenborg, Lang, & Kolbe, 2020) to 

demonstrate the interoperability of the exported CityGML 

Energy ADE data.  Afterward, the results are discussed, 

and the conclusion is drawn. 

Method 

The process of integrating CityGML data in urban 

simulation tools via the gh-urban plugin consist of a 

four-step procedure : 

Step 1: Import CityGML geometry and semantics  

Step 2: Modifying geometry and semantics  

Step 3: Enriching the CityGML Data with simulation 

boundaries, and additional objects 

Step 4: Exporting the Energy ADE Data, including 

simulation results 

The workflow of the four steps is illustrated in Figure 1. 

In the following sections, we discuss the different steps of 

the method.  

Step 1: Import CityGML geometry and semantics 

The import of the CityGML data in Grasshopper includes 

two steps. First, the data needs to be parsed in Python, and 

afterward, the data needs to be prepared for the 

Grasshopper data structure. 

Rhinoceros supports IronPython and is limited in the 

supported libraries for implementation. Therefore, the 

developed tool is based on IronPython, which is an open-

source implementation of Python integrated with the 

.NET Framework. For parsing and importing the 

CityGML data in Rhinoceros, only supported built-in 

libraries were utilized. The standard libraries 

xml.etree.ElementTree and re were used for this purpose. 

In Listing 1, a sample building in CityGMLand Level of 

Detail  (LoD) 2 with a ground surface is demonstrated. 

The geometries and semantics are read form the 

<bldg:boundedBy> elements. All the surface geometries 

are stored in these elements, whereas <bldg.:lod2Solid> 

represents the solid representation of the building 

referencing to the surface through Geography Markup 

Language (GML) id and xlink:href, an attribute to refer to 

a resource. We read the points from the element 

<gml:posList> to extract the geometry of each surface. 

Figure 2 shows the sample data in the FZK-Viewer for 

reading the geometries and semantics of CityGML data. 

Grasshopper data are stored in a hierarchical structure 

called data trees. Each data tree consists of branches that 

store the data and list items. To perform operations in 

Grasshopper, the buildings should be indexed correctly in 

the branches. Figure 3 demonstrates an indexed panel in 

Grasshopper for the imported ground surfaces of each 

building. The output of the grasshopper component will 

be divided into wall, roof, and ground surfaces (for LoD 

Step 1: Import Step 2: Modify Step 3: Enrich Step 4: Export

Grasshopper geometry 
Modify geometry in 

Grasshopper

Grasshopper attributes Modify attributes in 
Grasshopper

Archetypes: material and
construction library

Simulation boundaries
(standards, assumptions)

Simulation

API

Enriched data

Simulation results

CityGML data

Energy ADE data

Figure 1: workflow of the gh-urban tool 
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2 data) and a closed boundary representation (Brep) or 

closed polysurface for a solid 3D representation (see 

Figure 3). For deriving the geometry in Rhinoceros, first, 

each surface layer <gml:posList> is parsed and then 

processed with the built-in Rhino APIs and libraries 

rhinoscriptsyntax, ghpythonlib, and scriptcontext. Figure 

4 demonstrates the imported CityGML data in the 

Rhinoceros environment. 

<core:CityModel>     

       <core:cityObjectMember> 

<bldg:Building> 

     <bldg:lod2Solid> 

     </bldg:lod2Solid> 

          <bldg:boundedBy> 

               <bldg:GroundSurface>   

                    <bldg:lod2MultiSurface> 

                          […] 

                              <gml:posList> 

                              </gml:posList> 

                          […] 

                    </bldg:lod2MultiSurface> 

               </bldg:GroundSurface> 

          </bldg:boundedBy> 

</bldg:Building> 

      </core:cityObjectMember> 

      <gml:featureMember> 

      </gml:featureMember> 

</core:CityModel> 

Listing 1: A sample building with a ground surface in 

CityGML LoD2 format in the city model 

 

Figure 2: Sample CityGML data from Munich, 

Germany, in LoD2 format rendered in the FZK viewer 

(https://www.iai.kit.edu/1302.php) 

 

Figure 3: Gh-urban Grasshopper component for 

importing CityGML data 

 

 

Figure 4: Rendered CityGML data imported into 

Rhinoceros 

Step 2: Modifying geometry and semantics  

For densification and refurbishment scenarios or even 

creating new buildings, the user can use the built-in 

functions in the gh-urban tool. As the imported buildings 

and surfaces have a specific index number in the 

Grasshopper data trees (see Figure 3), it is possible to 

select the index and modify the building's geometry and 

semantics directly in Grasshopper or Rhinoceros. For new 

buildings, a new index and name should be defined by the 

user. The name of the building will be stored in the 

CityGML data as the gml:id and gml:name. Based on the 

position of the surface in 3D space, the geometry will be 

automatically saved either as a roof, ground, or wall in the 

python object. As the plugin stores the geometries and 

semantics as python objects, the changes will be saved at 

the end of all modifications in Step 4 to simplify the 

process. 

For modifying or adding new attributes to the CityGML 

data, the user can select the key (the attribute name) they 

want and enter the new value in the Grasshopper 

component. This step allows the user to change each 

building's semantics based on the newly defined retrofit 

scenarios or when some attributes need to be modified. 

Some semantics of the CityGML data are geometry 

dependent, for instance, the building volume, height, and 

roof type. These attributes are calculated automatically 

through gh-urban after the user modifies the geometry of 

the buildings. Hence, changes in the geometry of 

buildings also adjust the relevant semantics. 

Step 3: Enriching the CityGML data  

Based on the year of construction, building type/function, 

the construction, and the related materials are assigned to 

the buildings. The definition of the building age classes 

and constructions is based on the German building 

typology and TABULA (Typology Approach for 

Building Stock Energy Assessment) (Loga, Stein, 

Diefenbach, & Born, 2015). The building age class is 

derived from the bldg:yearOfConstruction in the 

CityGML structure. However, the year of construction is 

not always available in the data. Therefore, the tool can 

be used to merge more information from Geographic 

Information System (GIS) data in the original 3D city 

model. The merging of CityGML and GIS data is done 

based on the address of the buildings or/and coordinates. 

If no year of construction is available, the option to 

manually assign it via Step 2 is still possible. If still no 
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year of construction is available, the building will be 

skipped for the status quo simulations. 

In order to define the type of the building, the surface area 

to volume of the buildings is calculated (A/V ratio). This 

calculation is done directly in the plugin and can also be 

viewed by the user in the gh-urban tool as a Grasshopper 

list or panel (similar to Figure 3) . Finally, based on the 

year of construction, the building type and function, the 

material and construction layer is assigned to the 

CityGML data in the Energy ADE structure. Listing 2 

demonstrates a sample material in the ADE structure with 

relevant energy attributes for simulations. Construction 

components and their corresponding materials are saved 

as additional GML features in the Energy ADE data 

structure (see Listing 1 and Listing 2).   

<gml:featureMember> 

    <energy:SolidMaterial gml:id="XYZ"> 

       <gml:name>lime plaster</gml:name> 

<energy:conductivityuom="W/K*m">0.87</energy:

conductivity> 

<energy:density 

uom="kg/m3">1800.0</energy:density> 

<energy:specificHeat 

uom="J/K*kg">1000.0</energy:specificHeat> 

    </energy:SolidMaterial> 

</gml:featureMember> 

Listing 2: A sample material in the Energy ADE 

structure with the energy attributes: conductivity, 

density, and specific heat  

The simulation boundaries can be defined either 

automatically or manually by the user through the 

gh-urban components. For the automated process, the 

boundaries are derived from the standards DIN 4108-

2:2013-02 "Thermal protection and energy economy in 

buildings - Part 2: Minimum requirements to thermal 

insulation" (DIN, 2013) and DIN V 18599 "Energy 

Efficiency of Buildings" (DIN, 2018). 

For using the building templates and boundaries for each 

simulation environment, an interface should be utilized. 

Many of the dynamical simulations based on Rhino and 

Grasshopper offer an Application Programming Interface 

(API) for this purpose. To integrate the data in the 

different APIs, the data tree structure usually needs to be 

adjusted. 

Through the gh-urban tool, it is also possible to enrich the 

original data with other CityGML objects, like vegetation, 

which is relevant to energy simulations. To enrich the 

CityGML with vegetation data, we built a vegetation 

module. Before adding the vegetation data to a CityGML 

file using this plugin, it should be made sure that the 

CityGML and the file containing vegetation should be in 

the same coordinate reference system (CRS) or projection 

system. The CityGML containing the vegetation file is 

read using the gh-urban plugin. The vegetation objects are 

selected through the Grasshopper component via defining 

the path to the CityGML data containing vegetation 

objects (see Figure 5). The grasshopper component 

exports relevant attributes of the vegetation objects, for 

instance, tree type or category, trunk and crown diameter, 

and tree height. The grasshopper component adds all the 

vegetation object to the main CityGML file containing 

building objects and writes a new enriched CityGML data 

in Step 4. 

Figure 5: Gh-urban grasshopper component for 

importing vegetation objects 

Figure 6 demonstrates enriched CityGML data with 

vegetation models. The vegetation model was prepared in 

the research project "Geomassendaten" at the Leibniz 

Institute of Ecological and Regional Development. The 

imported model in Grasshopper and Rhinoceros can be 

utilized to include the shadowing and evapotranspiration 

effects of the trees on the microclimate through different 

simulation software.  

 

Figure 6: Enriched CityGML data with the vegetation 

model 

Finally, in this step, the simulation can be run based on 

the enriched data. The simulation results need to be 

prepared in a correct indexed panel in Grasshopper. 

Through the index of the results, the information can be 

written back to the Energy ADE in Step 4. 

Step 4: Exporting the Energy ADE data 

The information that needs to be written in the Energy 

ADE data is divided into two groups. The first group of 

general attributes is written directly in the city model, e.g., 

materials and constructions in the <gml:featureMember> 

(see Listing 1). This group of attributes is independent of 

the buildings in the city model. The second group of 

attributes is building-specific and is added to each 

building's specification through additional layers (see 

Listing 3).  

After the simulation run in Step 3, the results can be 

written back into the Energy ADE. In order to assign the 

general attributes to each building, the elements need to 

be referenced and linked to the utilized 

<gml:featureMember>. The building-specific energy 

components/results are placed inside of the 
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<bldg:Building> layer. For instance, if we add the results 

for the heating demand, the structure for the Energy ADE 

needs to be assigned for each building as illustrated in 

Listing 3.  

Different energy attributes, such as cooling, heating, and 

domestic hot water defined by the Energy ADE format, 

can be added to the structure. The gh-urban tool handles 

the adding of the namespaces to the original CityGML 

data automatically. 

<bldg:Building> 

    <energy:demands> 

        </energy:EnergyDemand> 

<energy:thematicDescription>Heating            

energy</energy:thematicDescription> 

<energy:values> 

   </energy:values> 

<energy:endUse>spaceHeating 

</energy:endUse>  

         </energy:EnergyDemand> 

    </energy:demands> 

</bldg:Building> 

Listing 3: Sample output for a building with the energy 

attribute heating demand in the Energy ADE 

The output of the gh-urban tool is an enriched CityGML 

Energy ADE data that includes simulation boundaries and 

the corresponding results. The boundaries and simulation 

results that can be written into the EnergyADE data are 

dependent on the structure defined in the ADE. If the 

Energy ADE definitions do not support some boundaries 

or simulation results, adding them to the CityGML data 

as GML features is still possible. 

Case study 

The gh-urban tool was utilized for automating the 

simulation process in a district in Munich, Germany, to 

demonstrate the methodology and workflow introduced in 

the method section. The original CityGML data provided 

by the Bavarian State Office for Digitization consists of 

380 buildings and is in LoD 2 format (see Figure 2). 

Figure 7 shows 105 of the residential buildings that were 

investigated in this district for the urban energy 

simulation. The original data did not include the age of 

construction, so the data were matched with a shapefile 

format provided by the Planning Department of the city 

of Munich. The construction year has been added in the 

first step to the CityGML data through gh-urban. Based 

on TABULA, different Building Age Classes (BAC) were 

defined. 42 buildings belong to the BAC 3 (year 1949-

1957), and 64 belong to the BAC 4 (year 1958-1968).  

The geometry and the enriched semantics were imported 

through gh-urban in Grasshopper. The simulation 

boundaries were defined based on Step 2 and 3 in the 

method section. To utilize these boundaries in the umi 

simulations, different templates were created. For each 

BAC, a template was made for the umi simulation (see 

Figure 1). The template of umi models consists of 

material, constructions, schedules, and zone information. 

The data was processed directly in gh-urban, and the 

template was exported in JavaScript Object Notation 

(JSON) format to be readable in umi. The window to wall 

ratio has been set to 30%; there was no information 

available for the windows as the CityGML data is in LoD 

2 format. The assigning of the templates to the buildings 

was done automatically through the built-in Grasshopper 

components and the pyumi package 

(https://github.com/jamiefarrell/pyumi). 

For the retrofit scenarios, the status quo was densified by 

one level for all of the buildings. The modification of the 

geometry was included in the exported Energy ADE. The 

retrofit scenarios and the U-Values of the constructions 

are based on the energy standards from the Kreditanstalt 

für Wiederaufbau (KfW) KfW-55 and the passive house 

standard. The physical properties for the constructions in 

the status quo and the two retrofit scenarios are 

summarized in Table 1. In the energy model, the heating 

and cooling energy demand is calculated based on the U-

value of the status quo (BAC 3 and 4). Then, the U-values 

are adjusted based on the two energy standards for the 

densification scenario.  

For the simulations, a Test Reference Year (TRY) was 

generated through the Meteonorm tool 

(https://meteonorm.com). 

Table 1: The U-value of the construction surfaces and 

window g-value for the status quo and the KfW 55 and 

passive house energy standard 

Surface 
BAC  

3 

BAC  

4 

KfW 

55 

Passive 

house 

Wall U-value [W/m2K] 1.8 1.4 0.2 0.15 

Ground U-value [W/m2K] 2.3 1.2 0.25 0.15 

Roof U-value [W/m2K] 1.4 1.4 0.14 0.15 

Window U-value [W/m2K] 2.7 2.7 0.9 0.8 

Window g-value [-] 0.78 0.78 0.6 0.6 

From the simulation results and boundaries, the Energy 

ADE data is exported. This data is then utilized in urbi+, 

which will be discussed in the results section.  

 

 

Figure 7: investigated buildings in umi 

Results 

The result section is divided into two parts. First, the 

results of the case study are discussed. Afterwards, the 
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output of the Energy ADE and its interoperability with 

urbi+ is demonstrated. 

 

Figure 8: Heating and cooling demand of the status quo, 

and the densified/retrofitted  buildings 

The simulation results in Figure 8 indicate that heating 

demand can be significantly minimized with higher 

energy standards. Furthermore, the energy demand of the 

retrofits is highly dependent on the potential cooling 

demand. It means that the potential cooling demand in 

retrofits has a more significant share of the total energy 

demand than non-refurbished buildings. The majority of 

residential buildings in Germany are not equipped with 

active cooling. To avoid energy consumption through 

active cooling and its emissions, passive measures can be 

utilized to reduce or avoid the potential cooling demand. 

The potential cooling demand can be reduced or avoided 

by various measures at the building and neighbourhood 

level. The retrofit or new construction should be 

optimized at the building level through various passive 

adaptation measures that can be implemented in any 

standard retrofit or new construction. Exterior blinds, 

natural ventilation such as window rebate ventilators, or 

solar control glazing are some of the ways to reduce 

cooling demand and maintain occupant thermal comfort 

(Banihashemi, Maderspacher, Brasche, & Lang, 2017). 

Besides, educating occupants on proper ventilation and 

shading can improve their thermal comfort. At the urban 

level, proper positioning of trees can help cool the 

surrounding microclimate through evapotranspiration, 

affecting the indoor climate of buildings. Also, shading by 

vegetation reduces the risk of overheating in the 

investigated buildings during the cooling period. To 

optimize the cooling demand of the buildings, the above-

mentioned measures can be implemented through urban 

energy and microclimate simulations based on the 

enriched CityGML data. Assigning occupant patterns and 

profiles on an urban level can be challenging. Therefore, 

the passive measures can be automated, for instance, 

through automated blinds or automated window rebate 

ventilators. This paper demonstrated the workflow of 

importing the geometry and semantics of CityGML data 

for simulating an urban district. We will leave the 

optimization of the potential cooling demand through 

vegetation and passive adaptation measures to future 

work. 

After the simulation results and boundaries are exported 

through gh-urban in the  Energy ADE format, the data 

will be further used in urbi+ for the LCA calculations. 

Urbi+ can perform LCA based on CityGML data for 

whole cities and districts with a special focus on technical 

building services (TBS). Through this tool, dimensioning 

of TBS components and calculating the embedded energy 

and emissions is possible, based on the building energy 

demand and heating load. In urbi+, the same material, 

components specifications, and energy demand (heating 

and cooling) from the umi calculations are utilized for the 

LCA calculations. Therefore, Energy ADE data builds an 

efficient interface between these two programs. For 

further information about urbi+, we refer to the following 

reference (Harter, Willenborg, Lang, & Kolbe, 2020).  

Urbi+ writes back the results for the LCA calculations in 

the CityGML data structure as GML features and also 

color codes the outcomes for visualization using 

CityGML appearance attributes. Figure 9 demonstrates 

sample urbi+ visualization results of the specific primary 

energy demand for heating and domestic hot water 

calculation in Cesium 3D CityDB 

(https://cesium.com/index.html, https://github.com/tum-

gis/LCA-TGA).

 

 

Figure 9: Visualization of the specific primary energy 

demand [kWh/m2a] (heating and domestic hot water) 

results based on the Energy ADE data in Cesium, 

3DCityDB 

Discussion 

In this paper, we demonstrated the workflow of the 

gh-urban tool and integrated it into two simulation 

software, umi, and urbi+. However, there are still some 

limitations to our approach for integrating it in further 

urban simulation software.  

Limitations: 

 The data integrated into umi is of LoD2, umi can 

handle buildings without defining thermal zones as it 

bases on the shoeboxer algorithm (Dogan & 

Reinhart, 2017). However, many simulation 

environments require thermal zone information. This 
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information is only available in LoD4 CityGML data. 

However, this LoD is not widely available. 

 The adjacency of the buildings needs to be automated 

and identified. This is important, especially for 

assigning windows automatically and preparing the 

simulation models for LoD 2 data. 

 If no building age class is available for the buildings, 

the simulation of the building will be skipped. We 

aim to integrate statistical-based assigning of the 

building age classes based on the data provided by 

the city or adjacent buildings. 

We aim further to improve the tool and methodology for 

future research. 

Future work: 

 Building the bridge for other grasshopper-based 

simulations and connecting to other APIs. 

 Integrating also non-residential profiles and 

boundaries for simulations. 

 Implementing the vegetation module for 

microclimate simulations and optimizing indoor and 

outdoor comfort. Geometry from the buildings and 

vegetation can be utilized to assess the urban heat 

island (UHI) effect.  

 Supporting LoD3 and LoD4 into the gh-urban tool. 

Conclusion  

For creating urban energy simulation, different data 

requirements need to be fulfilled. However, 3D city 

models, e.g., CityGML do not fulfill this requirement. We 

proposed a self-developed tool and methodology to 

prepare CityGML data for automatic urban energy 

simulations in Grasshopper. The tool was integrated into 

the urban energy simulation software umi and 

investigated a large number of buildings in a district in 

Munich. The gh-urban tool extracts the semantic and 

geometric information in the CityGML data and enriches 

it with missing attributes in the EnergyADE structure. 

Furthermore, the tool is able to write back all the relevant 

boundaries of the simulation, such as weather data, 

occupancy schedules, and the simulation results in the 

EnergyADE. For proof of concept, we investigated 105 

residential buildings and changed the geometry of the 

buildings to densify the districts. Two densification 

scenarios were simulated and compared to the status quo. 

The exported Energy ADE data can be viewed and 

utilized by different policy and decision-makers for 

optimization purposes. We also demonstrated the usage of 

the Energy ADE data in the LCA calculation software 

urbi+. 
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