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Abstract. The manuscript describes the development of a spatial Agent-based Simulation to 
model the effect of public policies on private houseowner’s decisions concerning their heating 
system. The methodology utilized comprises of an empirical survey to determine the (location-
based) behavior and motivation of homeowners. In addition, spatial data on the houses can 
be used to implement renovation and thermal refurbishment in the simulation. In addition, the 
system is able to model and simulation the effect of public policies on the actions of homeown-
ers. Hence, based on their decisions the system can estimate the carbon footprint of the 
houses over the simulation period. Hence, decision makers can select the best policy (e.g. 
funding, motivation) to reduce the carbon footprint of communities. 
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1. Introduction and Motivaton 

Our energy system is undergoing rapid change. New technologies and opportunities such as 
electromobility, digitization, energy communities or low-temperature heating networks are en-
tering the market, which must be reconciled with societal demands for greater sustainability 
and political commitments such as the Austrian heating strategy with the goal of decarbonizing 
the heat supply for buildings by 2040. This poses a high level of complexity for decision-makers 
in politics, energy supply and business. 

An energy-efficient and climate-friendly heat supply of the future now requires planned 
action, the modernization of the existing building stock, a sustainable orientation of new build-
ings, and the conversion of the heating and cooling supply to renewable energy sources. Not 
only will infrastructure and technology change, but the use of buildings will also be transformed 
by digitalization, and administrative as well as planning processes must do justice to this sys-
tem complexity. In addition to the spatial dimension of energy supply and demand, increasing 
importance must also be attached to the social dimension of the energy transition in planning 
and decision-making processes. The behavior and decision-making patterns of central actors 
(politics, public administration, planners, investors, energy supply companies, population), 
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each with their own specific roles, needs and values, are highly relevant to planning in the 
context of heat and energy transition, but are, if at all, hardly considered in current processes.  

This combination and integration will be addressed in the project ABM4EnergyTransi-
tion complementing existing (spatial) planning approaches and spatial Agent-based Modelling 
(ABM) approaches (see Figure 1). Classical modelling and planning approaches of the heating 
and energy transition primarily focus on the techno-economic aspects of energy demand and 
provision. In doing so, they not only neglect the spatial dimension, but also complex interac-
tions between technology, business and politics and their influence on the decision-making 
behavior of key players in our energy system. Agent-based modelling and simulation (ABMS) 
is an ideal tool to make such complex interactions understandable from the bottom up and in 
a spatial context [1, 2]. Using ABM, different actors in a system can interact with each other 
and with their environment as autonomous agents, each with different properties, differentiated 
decision-making behavior and the ability to learn. This makes ABM particularly useful when 
considering and analyzing complex, multilevel problems with very heterogeneous influencing 
factors, as represented by an energy system. ABMs are widely used to simulate social, eco-
nomic and environmental problems [3, 4]. More recently, ABM has also been used increasingly 
in the field of energy transition research, in particular with a focus on the electricity sector [5] 
or to investigate the dynamics in the development of the building stock [6, 7]. 

 

Figure 1: Schematic structure of an ABM, which consists of an environment and the agents acting in it 
and their interactions. Adapted from [1]. 

The objective of ABM4EnergyTransition is the development and demonstration of a 
novel simulation approach based on ABM for the spatial analysis and assessment of pathways 
for the municipal heat and energy transition. The ABM methodology considers both spatial 
information to describe the energy system of a study area (buildings, grid-based energy infra-
structure such as natural gas or district heating networks, renewable potentials, population 
structure) and parameters to describe the behavior of actors (agents), like homeowners, in-
vestors, or policy makers. In addition, the simulation system considers demographic and socio-
technical parameters such as income and state of education. The methodological approach 
represents an extension of existing energy planning approaches and helps to better assess 
the impact of public policies on the achievement of climate and energy goals. The methodology 
of the project is of an interdisciplinary character, and involves Spatial Analysis, Spatial ABM 
and Simulation, Energy Planning, as well as Software Engineering and a Social-technical em-
pirical approach. Based on a large survey that was sent out to households in the Province of 
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Styria (Austria), we are able to accurately model the behaviour of people with different socio-
economic backgrounds in varying geographical contexts accurately using ABM technology.  

2. Methodological Background and Approach 

2.1 Spatial Agent-based Modeling and Simulation 

Agent-based modeling is a method to simulate dynamic processes involving autonomous 
agents [8]. Agents are independent entities that can interact with each other, but also with their 
environment. Such agents could be, for example, people, buildings, cars or animals.  While 
the behavior and individual actions of agents are defined on the micro level, the resulting model 
is able to show patterns and behaviors on the macro level that were not explicitly defined, but 
rather evolved during the execution of the model (“bottom-up” approach) [1, 2, 3, 4, 5, 8, 9]. 
By using GIS data, ABMs are able to incorporate real world geospatial data into the simulation 
to define the area in which the agents can move and act within [10]. Such an environment 
could consist of spatial grids, continuous spaces, or networks. According to [1] and [2], agents 
themselves may also be spatially explicit, which means that they have a location in the model 
space assigned to them. They can also be spatially implicit when their location is irrelevant in 
the context of the simulation.  

2.2 Collection of Model Parameters and Actor Decisions   

For the initialization of the agent-based model various information is needed. This includes 
spatial input data which is necessary to describe an energy system within its defined bound-
aries in the context of the intended ABM (e.g., buildings, grid-based energy infrastructure, re-
newable energy potentials, population structure), input variables (parameters, e.g., renova-
tion rate) which are necessary to set the scenario constraints for the spatial agent-based sim-
ulation, as well as output variables (state variables, e.g., heating energy demand) that de-
scribe the state of the system or an entity in that system (e.g., building) at any time during a 
simulation [6, 7, 8, 9]. 

Next to the technical parameters, the collection and specification of the parameters for 
actor decisions is also crucial for the model. For this, a conceptual model was developed in 
order to operationalize homeowner’s decision-making process for building renovations based 
on the diffusion of innovations theory [11] as well as psychological models and theories, i.e. 
Theory of Planned Behavior [12], Value-Belief-Norm Theory [13] and the Model of Justified 
Behavior [14, 15, 16, 17]. Second, to gather empirical data on homeowner’s renovation behav-
iour, a quantitative survey was designed in accordance with the conceptual framework. The 
survey comprised the following sections: (i) characteristics of implemented building construc-
tion measures in the last ten years (renovation, refurbishment and new building); (ii) character-
istics of intended building construction measures; (iii) triggers and information variables for im-
plemented measures; (iv) household characteristics, building characteristics and life events; 
and (iv) personal attitudinal factors. The corresponding online survey was released in June 
2023 and targeted homeowners of single and multi-family homes in Styria, who received a 
subsidy for heating system replacements or consultation for energy refurbishment measures.  

3. Experimental Setup of ABM4EnergyTransition Simulation 

Together with the technical model parameters and the actor behaviour, the agents, environ-
ments, and interactions can be implemented. Furthermore, these parameters are used to 
model the agent’s behaviour in order to be able to simulate the decision-making process of 
households depending on public policies and the agent’s context. 
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The ABM consists of agents represented by buildings (i.e., building owners) and an 
environment (administrative border of study area), where the buildings are located. Buildings 
contain information on their installed heating systems, their heating energy demand, or their 
CO2 emissions. The environment contains further entities representing land plots (land use 
classes), energy infrastructure (district heating and natural gas network), heatmaps corre-
sponding to energy demand and CO2 densities and energy zones for applicable renewable 
energy supply technologies. Both energy infrastructure and energy zones as well as heatmaps 
interact with the building agents in the simulation. An overview of the model setup is shown in 
Figure 2. 

 

Figure 2: Overview of the model setup 

In the course of the energy transition simulated by the ABM, part of the existing building 
stock will be gradually modernized (thermal refurbishment) or, alternatively, existing buildings 
will be demolished and replaced by new buildings (with a new, climate-friendly heating system 
included). In addition to thermal building refurbishment, heating systems attached to existing 
buildings will also be gradually replaced by more climate-friendly technologies as part of the 
heat transition. Building refurbishment and replacement of heating systems are not linked to 
each other (an existing building not being demolished can be either refurbished or equipped 
with a new heating system or both). The transition of the building stock also affects the devel-
opment of the grid-based energy infrastructures. For example, the expansion of district heating 
or gas networks may enlarge or downsize depending on the kind of building heating systems 
installed over time. 

Consequently, the agents are subject to the following processes: 

 demolish() demolition of existing building 
 build()  new construction of building (incl. heating system) 
 refurbish() thermal refurbishment of existing building envelope 
 replace() replacement of existing heating system 
 grow(+ / -) expansion (+) resp. deconstruction (-) of grid-based energy infrastructures 

(district heating, natural gas) and growing (+) resp. shrinking (-) of corresponding en-
ergy zones 

The model in its current state does not yet include the decision-making behavior of agents. 
In the future, however, the model will be extended with the empirical data (i.e., survey results), 
which will be used to model the decision-making behavior of households.  

4. Results  

The tangible results are a prototypical map centered web application with a dashboard and the 
representation of the ABM results. The spatial temporal data in addition with buildings and 
energy infrastructure are represented best in a cartographic way. The Dashboard allows users 
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from administration and planning to plan possible energy policy and/or technical interventions 
in the ABM and to display the results (e.g.: Energy and Life Cycle Assessment as well as 
technology and energy carrier mix in variable spatial and temporal granularity, etc.). In addition, 
simplified simulation scenarios can also be initialized and visualized by interested citizens in 
the web application for a playful examination of the topic of heat transition and energy system 
change (see Figure 3). 

Figure 3: Wireframes of the Demonstrator application (Work in progress). 

5. Discussion and Conclusion

This paper presents an approach for the development of an agent-based model for the spatial 
analysis and assessment of pathways for the municipal heat and energy transition. The pro-
posed agent-based model considers spatio-technical parameters, such as the building stock 
or energy infrastructure of an area, as well as social factors that influence the decision-making 
behavior of the actors in the simulation. Over the course of the simulation, processes, such as 
thermal refurbishments or heating system changes, are applied to the building stock. This ex-
tended simulation approach should help to better assess the impact of public policies on the 
achievement of climate and energy goals. 

The project is currently ongoing, with the ABM still under development. Upon comple-
tion, users will be able to access the simulation through a web application to plan potential 
interventions as part of the energy transition. 

Author contributions 

G.W. wrote the original draft, and is conducting the implementation of the ABM, S.L.C. and 
M.A.H. did conduct the empirical study and analysis, F.K. is implementing and designing the
wireframes, R.B., M.A.H., S.L.C., J.S. J.N. reviewed and edited the draft.

Competing interests 

The authors declare that they have no competing interests. 

Funding 

The research is funded by the Austrian Research Promotion Agency (FFG) through the pro-
gram “AI for Green 2021”, grant agreement FO999892237.  

5



Weinberger et al. | Int Sustain Ener Conf Proc 1 (2024) "ISEC 2024 – 3rd International Sustainable Energy  
Conference" 

   
 

References 

[1] Crooks, A., Malleson, N., Malleson, N., Manley, E., & Heppenstall, A. (2018). Agent-based 
modelling and geographical information systems: a practical primer. Sage. 

[2] Heppenstall, A. J., Crooks, A. T., See, L. M., & Batty, M. (Eds.). (2011). Agent-based mod-
els of geographical systems. Springer Science & Business Media. 

[3] Heckbert, S., Baynes, T., & Reeson, A. (2010). Agent‐based modeling in ecological eco-
nomics. Annals of the New York Academy of Sciences, 1185(1), 39-53. 

[4] Gotts, N. M., Polhill, J. G., & Law, A. N. R. (2003). Agent-based simulation in the study of 
social dilemmas. Artificial Intelligence Review, 19(1), 3–92. 

[5] Hansen, P., Liu, X., & Morrison, G. M. (2019). Agent-based modelling and socio-technical 
energy transitions: A systematic literature review. Energy Research & Social Science, 49, 
41-52. 

[6] Preisler, T., Dethlefs, T., Renz, W., Dochev, I., Seller, H., & Peters, I. (2017, September). 
Towards an agent-based simulation of building stock development for the city of hamburg. 
In 2017 Federated Conference on Computer Science and Information Systems (FedCSIS) 
(pp. 317-326). IEEE 

[7] Nägeli, C., Jakob, M., Catenazzi, G., & Ostermeyer, Y. (2020). Towards agent-based build-
ing stock modeling: Bottom-up modeling of long-term stock dynamics affecting the energy 
and climate impact of building stocks. Energy and Buildings, 211, 109763. 

[8] Macal, C., & North, M. (2014). Introductory tutorial: Agent-based modeling and simulation. 
In Proceedings of the winter simulation conference 2014 (pp. 6-20). IEEE. 

[9] Crooks, A. T., & Heppenstall, A. J. (2011). Introduction to agent-based modelling. In Agent-
based models of geographical systems (pp. 85-105). Dordrecht: Springer Netherlands. 

[10] Antelmi, A., Cordasco, G., D’Ambrosio, G., De Vinco, D., & Spagnuolo, C. (2022). Ex-
perimenting with Agent-Based Model Simulation Tools. Applied Sciences, 13(1), 13. 

[11] Rogers, E.M. (1962, 2003). Diffusion of innovations, Fifth Edit. (Ed.), The Free Press 
New York.  

[12] Ajzen, I. (1991). The theory of planned behavior. Organizational Behavior and Human 
Decision Processes 50, 179–211. http://dx.doi.org/10.1016/0749-5978(91)90020-T 

[13] Stern, P.C., Dietz, T., Abel, T., Guagnano, G.A., Kalof, L. (1999). A value-belief-norm 
theory of support for social movements: The case of environmental concern. Hum. Ecol. 
Rev. 6, 81–97. 

[14] Goldman, D., Hansmann, R., Činčera, J., Radović, V., Telešienė, A., Balžekienė A., & 
Vávra, J. (2020). Education for environmental citizenship and responsible environmental 
behavior (pp. 115-137). In A. Ch. Hadjichambis, P. Reis, D. Paraskeva-Hadjichambi, J. 
Činčera, J. Boeve-de Pauw, N. Gericke, M.-C. Knippels (Eds.), Conceptualizing Environ-
mental Citizenship for 21st Century Education. Cham: Springer Nature. 
https://doi.org/10.1007/978-3-030-20249-1_8 

[15] Hansmann, R., Binder, C. R. (2020). Determinants of different types of positive envi-
ronmental behaviors: An analysis of public and private sphere actions. Sustainability, 12, 
8547, 30 pp. https://doi.org/10.3390/su12208547. 

[16] Hansmann, R., & Steimer, N. (2015). Linking an integrative behavior model to elements 
of environmental campaigns: An analysis of face-to-face communication and posters 
against littering. Sustainability, 7, 6937-6956. 

[17] Hansmann, R., & Steimer, N. (2017). Subjective reasons for littering: A self-serving 
attribution bias as justification process in an environmental behaviour model. Environmen-
tal Research, Engineering and Management, 73(1), 8-19. 

6




