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Abstract. This work focuses on the development and assessment of the UBEMs (Urban 
Building Energy Models) of the Unterhaching district using EUReCA and 
UrbanEnergyPro. The two models have been developed by the Department of 
Industrial Engineering of the University of Padua and by the Renewable and 
Sustainable Energy Systems group of the Technical University of Munich, respectively. 
The primary goal is to compare how the two tools calculate heating and cooling energy 
needs and simulate building behavior. For this purpose a district of about 200 
buildings, specifically Unterhaching, close to Munich has veen chosen. 
The comparison has been estimated on space heating, domestic hot water and cooling. 
This has been done by tweaking the input data of the two tools in order to make them 
as similar as possible. The simulations show similar evaluations for the energy 
demand for space heating while differences have been noticed for domestic hot water, 
although this energy demand is smaller than space heating. Energy demand for cooling 
has shown differences especially in non-residential buildings due mainly to latent load 
calculations, internal gains definition, windows areas definition. 

  
Keywords: UBEM (Urban Building Energy Model); Archetypes; Energy Simulation; 
Climatic Conditions 
 

 
Nomenclature 
 
AB Apartment Block  
1R1C One Resistance, One capacitance model 
C Thermal capacitance  
Ceq Total equivalent thermal capacitance 
DHW Domestic Hot Water 
EUReCA  (Energy Urban Resistance Capacitance Approach) 
HVAC Heating Ventilation Air Conditioning  
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MEP Mechanical Electric Plumbing 
MFH  Multi Family House  
R  Thermal resistance 
Req Total equivalent thermal resistance coefficient 
SH Space Heating 
SFH  Single Family House  
TH Terrace House  
UBEM Urban Building Energy Model 
UHI Urban Heat Island 
UHP UrbanHeatPro 
 
 
 
1. Introduction  
 
Rising global temperatures is a pressing issue that requires immediate and strong intervention, which 
affects all countries. The IPCC special report on the impacts of global warming of 1.5°C above pre-
industrial levels [1] confirms that temperatures are steadily increasing, reaching approximately 1°C 
above pre-industrial levels in 2017 and rising by 0.2°C each decade. This warming is primarily 
attributed to human-induced factors, with CO2 emissions being a significant contributor. Since 
buildings are a major source of CO2 emissions, it is crucial to implement energy efficiency measures 
to reduce their impact [2]. 

Rising temperatures are having a major impact on both residential and commercial buildings, 
primarily by increasing the demand for air conditioning. For example, in Germany, air conditioning 
sales surged by 55% between 2012 and 2021, growing from 127,000 to 227,000 units [3]. The same 
data show similar trend in Italy, where there has been a 60% increase in the same period. 

Increasing urbanization and the need to efficiently manage energy resources and the 
environmental impact of cities have made urban models indispensable tools for sustainable planning 
and management. Among the various methodologies, Urban Building Energy Models (UBEMs) are 
emerging as a crucial component to understand and predict energy consumption at the neighborhood 
and city scale [4]. Unlike traditional models that rely on aggregate data or statistical approaches, 
UBEMs adopt a bottom-up perspective, simulating the energy behavior of each individual building 
within a defined urban area. This approach allows considering different variables specific to each 
building, such as construction characteristics (materials, insulation), orientation, geometry, type of 
MEP system, occupancy and use profiles.  

Several papers describe the importance of UBEM ([5] [6] [7]) which may achieve the following 
impacts: 

 Assess and forecast urban energy consumption: provide accurate estimates of energy demand 
at the district, neighborhood, or city-wide level, identifying consumption “hotspots” and 
opportunities for efficiency. 

 Support energy planning and public policies: they provide a scientific basis for the 
development of energy retrofit strategies, the implementation of more stringent building 
regulations and the promotion of renewable energy sources on the urban scale. 

 Analyze the impact of intervention scenarios: They allow you to simulate the effects of 
different energy efficiency measures (e.g. thermal insulation, system replacement, installation 
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of solar panels) on the entire building stock, quantifying the benefits in terms of energy 
savings and emissions reduction 

 Facilitating the integration of complex energy systems: they are valuable tools for designing 
smart grids, heating/cooling districts and integrated urban systems that optimize energy 
production and consumption. 

 Contribute to the reduction of greenhouse gas emissions: by identifying areas with the 
greatest potential for energy savings, UBEMs play a key role in achieving decarbonization 
objectives and fighting climate change. 

 Allow to take into account the UHI (Urban Heat Island) effect and its consequences on heating 
and cooling demand. 

In short, UBEMs are not simple simulation tools, but real catalysts for the energy transition of 
cities. Their ability to provide a detailed and predictive vision of the energy behavior of the building 
stock makes them indispensable for architects, engineers, urban planners and policy makers engaged 
in building more resilient, efficient and sustainable cities. 

The present paper presents two different UBEMs which have been compared: the model 
EUReCA (developed by the University of Padova [8]) which is a dynamic model which can simulate 
buildings and URBANHEATPRO developed by Technical University of Munich [9]. As shown 
afterwards, URBANHEATPRO is used for estimating the energy demand of a certain area with lower 
granularity than EUReCA (Energy Urban Resistance Capacitance Approach). It is interesting to check 
the differences among software, since the URBANHEATPRO tool can be used for larger geographical 
areas (regions or even nations), while EUReCA is more suitable for restricted areas like districts 
and/or cities. 

 
 
2. The models 
 
2.1 EUReCA 

EUReCA (Energy Urban Resistance Capacitance Approach) is an urban building energy model tool in 
Python which allows to calculate a dynamic for the hourly-based calculation of building clusters or 
districts, allowing to estimate the heating and cooling energy need [10]. The model aims to provide 
open-source software for researchers to analyze energy consumption in districts with a dynamic 
model, providing a tool to be applied in energy conservation analyses. The core simulation is 
represented by an input data parser and a building energy simulation core, which develops the ISO 
13790 simple hourly method and the VDI 6007 lumped parameter method [11]. (See Figure 1).  
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Figure 1.  Scheme of data flow in EUReCA and Building Energy Simulation model scheme 
 
 

For what concerns input data, they are represented by: 

 climatic data (an hourly time step epw file); 
 a database of envelope types, including thermal property of construction materials of typical 

buildings; 
 a database of end uses types, describing the operational parameters involving especially 

HVAC system scheduling; 
 a georeferenced shapefile, including footprints of the buildings to be simulated, and attributes 

identifying buildings geometry, end use, envelope type.  

These data are loaded by the preprocessing tool, which then starts creating the lumped 
parameter model of each building by assigning envelope and schedules based on the input databases.  

Once the parameters (resistances and capacities, as shown in Figure 1) of each building are 
calculated, the calculation engine runs an hourly solution for the entire year, evaluating heating and 
cooling demand. This is then converted to electricity or fossil fuels consumption by considering 
typical efficiencies depending on the heating or cooling system assigned to the model. Such results 
are printed as yearly energy consumption by energy carriers in an output shapefile and csv. 

 
 

2.2 URBANHEATPRO 

Similarly, to EUReCA, UrbanHeatPro (UHP) is a python-based bottom-up model for the evaluation of 
heating, domestic hot water and cooling demand of a district: it allows to evaluate the total actual 
consumption of the buildings and to perform simulation with different levels of refurbishment. The 
tool is developed through the grey-box approach, representing the building with one resistance (R) 
and one capacity (C), as represented in Figure 2. In the scheme, Req represents the total equivalent 
thermal resistance coefficient, including ventilation and heat transfer losses, while Ceq represents the 
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equivalent thermal capacitance. Similarly, to EUReCA, these parameters are calculated based on the 
envelope characteristics of buildings, and they allow the dynamic calculation of heating and cooling 
demand and consumption. 
 

 

 
Figure 2.  Single zone building model: one resistance and one capacitance (1R1C) 

 
 
Despite looking similar in the building energy simulation model, EUReCA and UHP tools are 

meant to be used in different applications. The former implements a slightly more accurate and 
slower model, and it gives the user the possibility to change input data at the building level, giving a 
larger control over the inputs. The latter represents a simpler and faster model, but, mostly, it assigns 
input data to buildings with a stochastic approach, giving less control to users in manipulating the 
case study information. For this reason, EUReCA can be applied to districts up to some 
hundreds/thousands buildings, while UHP can be applied to larger cases studies. Regarding the 
random application: 

 location, area, and end use of buildings are assigned based on Open Street Map data; 
 type (Multi Family House, Apartment, ...) and age class of buildings are assigned randomly 

considering German census data and distributions; 
 envelope types grouped by age class are created considering TABULA’s values [12];  
 building occupancy is set starting from a standard schedule, which can be shifted before or 

later of two hours;  
 temperature setpoints are set considering an on-off control of systems with a 2°C dead band. 
 A monthly probability is applied to set how much the heating and cooling system can work. 
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3. Case Study  
 
To compare the tools EUReCA and UHP, a district located in the south area of Munich has been 
selected, namely Unterhaching, a small municipality of around 25 000 inhabitants. Within the entire 
city a subset of 185 buildings was specifically selected for this application. Indeed, a detailed 
comparison between the two simulation tools forced a small case study, for which comparison 
analyses are easier and more straightforward. Figure 3 shows a map of the selected buildings, divided 
as follows: 

 112 residential buildings (60.54 %);  
 39 commercial buildings (21.08 %);  
 27 public buildings (6.85 %);  
 7 industrial buildings (3.78 %). 

The district described has been simulated with the two tools to test their performances and 
analyze the different characteristics. Since UHP creates a dataset using random samples of several 
input parameters, first an UHP simulation was carried out, and then EUReCA input data were 
modified accordingly to those selected randomly by UHP. In particular, the following assumptions 
have been considered: 

 Mechanical ventilation cannot be considered in UHP, therefore it has been neglected in 
EUReCA; 

 The setpoint dead band in UHP is set to 0 in order to provide the same behaviour as EUReCA; 
 In UHP, the heating and cooling systems have been forced to be available during the same 

schedules as in EUReCA; 
 The random number of occupants calculated in the UHP simulation have been used as 

occupancy input for EUReCA; 
 Other loads have been calculated using EN ISO 18523 [16]; 
 Other random assumptions such as age class have been used as input in the EUReCA model. 

It is worth mentioning that, despite trying to obtain similar inputs, the two simulations are still 
different from many points of view. For instance, Domestic Hot Water calculation is intrinsically 
estimated in different ways. The final goal is to analyze the the differences between the tools and 
check if the results generated by the two models are mainly influenced by variations in the definition 
of the input data or by other modeling factors. 

It has to be underlined that the case study has been selected since the data of buildings were 
well known based on a previous research activity. All input parameters are known and have been 
used in the models, but the energy consumptions are not available so far. 
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Figure 3. the analyzed case study in Unterhaching, Munich (Germany) 

 
4. Results 
 
As for the results, Figure 4 shows the district total heating and cooling hourly need. The models 
exhibit similar general trends, with the exception of some peak-related discrepancies. This is mainly 
because of a different solution in how the set-point is reached by the two models. Turning off heating 
and cooling systems at night, a common practice in non-residential buildings, causes the internal 
temperature to drop, and this may cause high demand peaks when the system is reactivated in 
EUReCA, since the temperature must shift dramatically over a brief time-period. This behaviour does 
not happen in UHP, as it assumes that the building's target temperature is reached progressively 
throughout its operating hour. 

Figure 5 reports a statistical comparison of the annual demand split by heating/cooling and by 
end use, including standard deviation, average, minimum and maximum energy demand and quartile 
values. From the results, you can see that the heating demand is very similar in the two models. The 
results of cooling demand of residential buildings show a good correspondence, while in non-
residential buildings the cooling demand simulated by EUReCA is rather greater than the one 
simulated by UHP, since EUReCA accounts the latent load for dehumidification, while 
dehumidification energy is not considered in UHP.  

In Table 1 the overall yearly energy need is shown. Of all urban building types, the residential 
sector has the most significant heating and cooling needs. While most building categories have 
comparable heating demands, the commercial sector stands out with a slightly higher value. 

Cooling demand varies significantly among non-residential buildings (commercial, public, and 
industrial), indeed latent loads for people occupancy in this end use are lower than others. . In 
contrast, the two calculation methods produce very similar cooling demand values for the residential 
sector. 

Internal gains, solar gains, and building occupancy are additional factors that significantly 
influence energy consumption. The two models, UHP and EUReCA, handle these factors differently. 
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As a matter of factr, UHP uses random variables and probabilities for both the value and timing of 
internal loads, whereas EUReCA requires the user to predetermine these inputs. This difference in 
defining internal loads can lead to significant variations in cooling demand, though it has a minor 
effect on heating. As for solar gains, the contribution of solar radiation depends heavily on window 
area: EUReCA assumes that windows make up 12% of the total perimeter wall area, while UHP 
calculates a specific probability for the window area on each building envelope. This probability 
assigned to each building envelope determines the likelihood of windows facing different directions 
(North, South, East, and West). This uneven distribution of windows on different sides of the building 
significantly influences the amount of incoming solar radiation. The UHP model's window area is 
generally smaller than EUReCA's, which leads to lower cooling demand. This is because a larger 
window area allows more solar radiation to enter, raising the internal temperature and requiring 
more energy for cooling. 

The residential buildings were divided into four types: Single Family Houses (SFH), Multi 
Family Houses (MFH), Terrace Houses (TH), and Apartment Blocks (AB). A key finding is that 
Domestic Hot Water (DHW) need is much less than Space Heating (SH) need. However, DHW demand 
becomes more important in larger buildings, particularly MFH, TH, and AB. This is especially true for 
the EUReCA model, which links DHW production to a building's area according to national standard 
UNITS 11300-2 (mainly for the MFH, TH and AB).  Except for few cases, Figure 6 shows that on most 
of the buildings the energy demand for the two tools is in good agreement. The main difference is in 
the calculation of the DHW, which is based on different assumptions. 
 

 
Figure 4. Comparison of the hourly profile of heating and cooling needs simulated through EUReCA and 

UrbanHeatPro  tools 
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Figure 5. Statistics summary of the comparison between the two models per each building category  
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Table 1. Total district demand for heating and cooling subdivided by end use 

 Heating [GWh] Cooling [GWh] 

EUReCA UHP EUReCA  UHP 

Residential 8.06 7.55 1.76 1.40 

Commercial 3.70 4.64 1.01 0.53 

Public 2.14 2.12 0.54 0.21 

Industrial 0.45 0.44 0.15 0.08 

 

 

 

 

 
Figure 6. Overall consumption of SH and DHW per building category in the residential sector  
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When analyzing the cooling season, it is crucial to recognize that UHP is an emergent tool. Its 
development has primarily focused on the residential sector, which suggests that its outcomes in this 
area should be more reliable than those for commercial, public, and industrial applications. 

A detailed analysis indicates that the total simulated energy consumption for the city is 
comparable between the two tools (EUReCA: 1.76 GWh; UHP: 1.40 GWh), which is in line with the 
overall trends presented in Figure 5. 

However, examining individual buildings (Figure 7) it can be noticed that buildings classified 
as Terraced House (TH) category present greater energy demand for cooling in UHP than EUReCA. 
Energy consumption for Single-Family Houses (SFH), Multi-Family Houses (MFH), and Apartment 
Blocks (AB) tends to be comparable, with only slight variations observed in the SFH category. 

 

 

 

 

 
Figure 7. Cooling energy demand per building category – residential sector in the residential sector  
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5. Conclusions 

Urban Building Energy Models (UBEMs) are very important tools to drive choices in the retrofit 
scenarios, especially on a geographical urban perspective, supporting public policies and energy 
requalification plans, simulating the impact of efficiency interventions, quantifying savings and 
emission reductions, facilitating the integration of complex energy systems such as smart grids and 
leading to the decarbonization of urban environment. They usually combine a physical model and 
some input based on statistical local values. Moreover, some input or assumptions are based on local 
figures, behaviors and statistics. 

Urban Building Energy Models are made to meet local requirements and are based on local 
standards as well. Moreover, they may consider smaller (district, municipalities) or wider (provinces, 
regions) areas. For this purpose, two different tools have been considered: EUReCA (Italian tool made 
by the University of Padova) and UrbanEnergyPro (German tool made by Technical University of 
Munich). As case study a district close to Munich has been examined consisting of almost 200 
buildings: 112 residential buildings (60.54 %), 39 commercial buildings (21.08 %), 27 public 
buildings (6.85 %), 7 industrial buildings (3.78 %). The comparison has been carried out considering 
the heating and cooling demands of the district. 

The results of the comparison between EUReCA and UHP models reveal both significant 
similarities and differences in simulating urban energy demand in terms of heating and cooling. At an 
annual level, the residential sector has the largest impact on total demand in both models. Heating 
needs are very similar between the two tools for all building types. Differences may be found in the 
Domestic Hot Water energy demand, which is based on local standards, although the energy demand 
of Domestic Hot Water is smaller than the energy demand for space heating.  

The variations in cooling demand are more significant: while in residential buildings there is a 
good correspondence, EUReCA estimates a higher cooling demand for non-residential buildings. The 
main differences between the two models emerge in the management of hourly peaks (due to 
reaching the set-point) and in the consideration of the latent load of dehumidification, which 
particularly affects cooling demand in non-residential buildings. In fact, EUReCA considers 
dehumidification (latent load), unlike UHP, leading to higher cooling estimates for non-residential 
buildings. Internal gains and occupancy are different as well: UHP uses random variables for 
occupancy and internal loads, while EUReCA relies on predefined inputs. This methodological 
difference significantly impacts cooling demand. Also, solar gains and window areas play an 
important role: EUReCA assumes a fixed window area (12% of the wall), while UHP considers a 
probabilistic and often smaller distribution of windows based on orientation. A reduced window area 
in UHP leads to lower solar gains and, consequently, lower cooling demand compared to EUReCA. 

 
 

Acknowledgements 

This work was developed as part of the COOLING DOWN Project, which has received funding from the 
European Union’s LIFE21-CET-COOLING research and innovation program, Project number: 101077140. 

 



ATI Annual Congress (ATI 2025)
Journal of Physics: Conference Series 3143 (2025) 012103

IOP Publishing
doi:10.1088/1742-6596/3143/1/012103

13

 
References 
 
[1]  Allen, M.R., O.P. Dube, W. Solecki, F. Aragón-Durand, W. Cramer, S. Humphreys, M. Kainuma, J. 

Kala, N. Mahowald, Y. Mulugetta, R. Perez, M.Wairiu, and K. Zickfeld, 2018: Framing and Context. 
In: Global Warming of 1.5°C. An IPCC Special Report on the impacts of global warming of 1.5°C 
above pre-industrial levels and related global greenhouse gas emission pathways, in the context 
of strengthening the global response to the threat of climate change, sustainable development, 
and efforts to eradicate poverty [Masson-Delmotte, V., P. Zhai, H.-O. Pörtner, D. Roberts, J.Skea, 
P.R. Shukla, A. Pirani, W. Moufouma-Okia, C. Péan, R. Pidcock, S. Connors, J.B.R. Matthews, Y. 
Chen, X. Zhou, M.I. Gomis, E. Lonnoy, T. Maycock, M. Tignor, and T. Waterfield (eds.)]. Cambridge 
University Press, Cambridge, UK and New York, NY, USA, pp. 49-92. 
https://doi.org/10.1017/9781009157940.003  

[2]  IPCC, 2007: Climate Change 2007: Mitigation. Contribution of Working Group III to the Fourth 
Assessment Report of the Intergovernmental Panel on Climate Change [B. Metz, O.R. Davidson, 
P.R. Bosch, R. Dave, L.A. Meyer (eds)], Cambridge University Press, Cambridge, United Kingdom 
and New York, NY, USA 

[3]  Statista, “Statista.com,” 2007. [Online]. Available: https://www-statista-com.eaccess.tum.edu/. 
[4] Wei Wang, Qi Lin, Jiayu Chen, Xiangfeng Li, Yiqiao Sun, Xiaodong Xu. 2021. Urban building 

energy prediction at neighborhood scale Energy and Buildings. 
https://doi.org/10.1016/j.enbuild.2021.111307    

[5] Usman Ali, Mohammad Haris Shamsi, Cathal Hoare, Eleni Mangina, James O’Donnell. 2021. 
Review of urban building energy modeling (UBEM) approaches, methods and tools using 
qualitative and quantitative analysis. Energy and Buildings. 
https://doi.org/10.1016/j.enbuild.2021.111073  

[6] Yang Li, Haibo Feng. (2025). Integrating urban building energy modeling (UBEM) and urban-
building environmental impact assessment (UB-EIA) for sustainable urban development: A 
comprehensive review. Renewable and Sustainable Energy Reviews. 
https://doi.org/10.1016/j.rser.2025.115471  

[7] Tong Guo, Max Bachmann, Mathias Kersten, Martin Kriegel. 2023. A combined workflow to 
generate citywide building energy demand profiles from low-level datasets. Sustainable Cities 
and Society. https://doi.org/10.1016/j.scs.2023.104694    

[8] E. Prataviera, P. Romano, L. Carnieletto, F. Pirotti, J. Vivian, A. Zarrella. 2021. EUReCA: An open-
source urban building energy modelling tool for the efficient evaluation of cities energy 
demand. Renewable Energy, https://doi.org/10.1016/j.renene.2021.03.144   

[9] https://github.com/tum-ens/UrbanHeatPro   
[10] https://github.com/BETALAB-team/EUReCA  
[11] VDI 6007 Blatt 1. Calculation of transient thermal response of rooms and buildings - Modelling 

of rooms. 2015. 
[12] Application of Energy Performance Indicators for Residential Building Stocks Experiences of 

the EPISCOPE project (Deliverable D4.1b) March, 2016. https://episcope.eu/   
[13] UNITS 11300-2. 2019. Prestazioni energetiche degli edifici - Parte 2: Determinazione del 

fabbisogno di energia primaria e dei rendimenti per la climatizzazione invernale, per la 
produzione di acqua calda sanitaria, per la ventilazione e per l'illuminazione in edifici non 
residenziali 

 


