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Abstract 

The urban simulation platform SimStadt calculates heat-

ing demand for city quarters or whole cities based on 3D 

building information data. In this study, SimStadt’s capa-

bilities to dimension centralized and decentralized heat 

supply options are extended and tested for a city quarter 

of 65 buildings in Mainz, Germany. A biomass-fired 

boiler with an oil-fired backup boiler and a heating net-

work is compared against a decentralized solution based 

on air-water heat pumps along technical and economic in-

dicators. Furthermore, heating demand simulation results 

are validated against measured data and show differences 

of as little as 4%, while simulated and measured heat gen-

eration for the biomass supply option deviate by 5% only. 

Key Innovations 

 Integration of an automated workflow for simulating 

centralized and decentralized heat supply options on 

an individual building level, based on simulated or 

measured heating demands (centralized: semi-auto-

matic process if network losses are accounted for). 

 Increasing the accessibility of the urban energy sys-

tem simulation platform through an intuitive graph-

ical user interface (GUI) to non-researchers while 

maintaining scientific accuracy for strategic deci-

sion-making in a scenario-based approach. 

Practical Implications 

SimStadt enables city planners, utilities or planning au-

thorities to assess heat supply options for city quarters. 

Since its main input are widely available 3D building 

models, multiple options can be compared early in a pro-

ject, enabling a more efficient approach towards city quar-

ter planning and integrating architectural and energetic 

planning tightly. 

Introduction 

Often, energetic assessments such as the choice among 

heat supply options, are done at a late stage in the process 

of planning new city quarters or refurbishing existing 

ones, when decisions on the size, type and orientation of 

buildings have already been made. This often yields ener-

getically sub-optimal solutions and locks in higher than 

necessary carbon emissions. However, most urban build-

ing energy modelling tools (UBEM) that enable more in-

tegrated planning procedures focus on single buildings, 

and/or require large amounts of input data and/or profi-

cient users (Allegrini et al. 2015; Li et al. 2017).  The ur-

ban energy simulation platform SimStadt addresses these 

issues by allowing for energetic simulations early on in an 

interdisciplinary planning process, based on limited input 

data requirements. 

Methods  

SimStadt (www.simstadt.eu) is a simulation platform that 

can be coupled to external tools and libraries. Existing 

functionalities and workflows have been described in var-

ious publications and include, among others, the assess-

ment of rooftop photovoltaic potentials and building heat-

ing demands (Eicker et al. 2015; Nouvel et al. 2015; 

Weiler and Eicker 2019; Zirak et al. 2019). The schema 

of SimStadt’s platform-type software architecture can be 

seen in Figure 1, with the new developments presented in 

this paper highlighted in red. The main input are widely 

available 3D building models in the CityGML format and 

building physics and usage libraries (DIN Deutsches 

Institut für Normung e.V. 2016; Loga et al. 2015). The 

new developments presented here are an automated con-

nection of the buildings’ heat demand calculations with 

different heat supply models and an energy components 

library containing data on system components. 

The supply systems are modelled in the dynamic energy 

simulation tool INSEL (www.insel.eu), (Eicker et al. 

2020), while a district heating network, required for cen-

tralized options, is dimensioned in STANET 

(www.stafu.de/en).  The energy components library is 

modelled as an Ecore class diagram 

(www.eclipse.org/ecoretools) with data stored in an xml 

file. 

 

 

Figure 1: SimStadt Workflow Schema, new Develop-

ments highlighted in red 

A pre-defined set of heating supply systems allows users 

to choose one or more options in the SimStadt user inter-

face, which also allows to size the relevant components in 

the system by, e.g., defining the share of peak heating de-

mand the primary system shall cover for bivalent systems. 

Supply systems can for example be a combined heating 
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and power plant (CHP), a biomass-fired boiler (central-

ized), or different types of heat pumps (per building, i.e. 

decentralized), with or without peak-load systems and 

thermal and electrical storages. Based on a connection to 

the energy components library that contains techno-eco-

nomic parameters for all heat supply components from 

various manufacturers, INSEL models are automatically 

generated and simulated.  

The new features and the new process are tested in a dis-

trict of 65 buildings in the city of Mainz, Germany. The 

district consists mainly of homogeneous newly built ter-

raced housing and a partially renovated, pre-existing set 

of office buildings from the 1960s and 1970s. Two supply 

options are simulated in the case study: a central biomass-

fired boiler with a peak-load oil-fired boiler, and monova-

lent air/water heat pumps with thermal storages in each 

building as a decentralized option.  

The central biomass model takes into account the thermal 

capacities of the biomass boiler (Ptot) and sets a constraint 

of a minimum operating capacity of 35% of Ptot to avoid 

smoke development. This model reflects the system that 

is installed in the district and can therefore be validated 

against measurement data. The decentralized heat pump 

system includes air/water heat pumps in each building and 

uses data tables with temperature dependant coefficients 

of performance and heat output data for the installed heat 

pump. Furthermore, a thermal storage tank serves as 

buffer between demand and supply to optimize the heat 

pumps’ operating schedules. This hypothetical heat sup-

ply option was implemented as an all-electric example 

and serves as benchmark for the installed biomass-based 

system. The components of both systems are dimensioned 

in SimStadt’s GUI by defining the percentage of the peak 

heating load of the building(s) that the primary heat 

source (biomass boiler or heat pump, respectively) shall 

cover. Furthermore, the size of the thermal storage is 

given by the amount of hours per day it shall be able to 

cover average heating load. 

Simulation results such as electricity demand of the heat 

pumps or the share of heat production between biomass 

and oil boiler are given in hourly resolution. Furthermore, 

key technical and economic output parameters are de-

rived. Results can also be visualized in color-coded 2D 

and 3D maps of the district. 

Results 

First, the city quarter’s simulated annual heat demand was 

compared against measured data. While the actual heat 

demand was 1,749 MWh (in 2017), our simulation yields 

2,053 MWh, i.e. a deviation of 16%. The main reason for 

this is an overestimation of space heating demand for of-

fice buildings, which can partly be attributed to actual re-

furbishments not yet accounted for in the input CityGML 

data. Since refurbishment details for the concerned build-

ings are unknown, a medium refurbishment level accord-

ing to (Loga et al. 2015) was attributed, reducing the total 

simulated heating demand to 1,668 MWh and the devia-

tion from measured data to 5% (11% for office buildings 

only).  

Comparing the values for the biomass and oil boiler sys-

tem, measured data give 2,110 MWh of annual heat pro-

duction, which SimStadt underestimates by 6%. Looking 

at monthly data, the simulations overestimate the demand 

and consequently heat generation in winter months (max. 

+19% in December) and underestimates it in spring and 

autumn (max. -48% in September). These differences can 

be attributed mainly to occupant behaviour. 

Comparing hourly values, the normalized mean bias is 

5%. Results from the heat pump supply model are hypo-

thetical and thus cannot be validated. However, the simu-

lation model itself was validated by another validated heat 

pump model.  

Economic, primary energy and CO2 indicators can be cal-

culated based on these results depending on national reg-

ulations. 

Conclusion 

This study shows that simulations for heating demand and 

heat supply options of a district can be performed reliably 

based on only limited input data available at an early pro-

ject stage. It is however important to obtain accurate in-

formation on the state of refurbishment of existing build-

ings, since the buildings’ heat demands fundamentally in-

fluence the dimensioning and operation of heat supply 

systems.  
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