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Overview

Energy-efficient retrofitting of existing buildings and neighborhoods, including measures such as thermal insulation
of a building envelope (i.e., walls, roof, floor) and installation of energy-efficient windows, is essential for space
heat demand reduction and subsequent carbon emissions cut. However, buildings are not being retrofitted at a
sufficient speed and depth, as only 1% of the total building stock in Europe gets renovated annually [1]. Especially
in the residential sector, it is challenging to design policies that encourage owners’ decisions to renovate. The state-
of-the-art literature and empirical studies show that both monetary and non-monetary barriers exist towards greater
uptake of energy efficiency measures among owner-occupiers. While lack of capital and aversion to delayed gains
have been known to be important barriers [2], recent studies emphasize high non-monetary transaction costs (e.g.
cost of information search, contract negotiations, etc.) as strong barriers to retrofit uptake [3—5]. This study presents
an explorative simulation of neighbourhood retrofit (i.e., insulation) adoption that accounts for these economic and
non-economic barriers as well as other important determinants of insulation (e.g., building age or availability of
subsidy). The neighborhood level is chosen as it is an appropriate level for energy concept planning and policy
interventions [6,7]. The effects of possible policy strategies and social influence on the uptake levels will be
simulated and discussed. The unique contribution of this work is in bringing together the findings from social
scientific studies into a quantitative model as a first step in developing a multi-disciplinary policy support tool.

Methods

An agent-based model (ABM) is a computer simulation of an artificial world populated by agents — discrete
decision-making entities (e.g., individuals, households, firms). Its advantage over traditional equation-based
modelling approaches in energy systems analysis (i.e., system dynamics, optimisation models, computable general
equilibrium models) is its ability to incorporate heterogeneity and adaptivity of the agents [8], which steps outside
the microeconomic assumption of the representative economic agent. Moreover, it can show how macro-level
patterns emerge from micro-level decisions of agents [9]. The application of agent-based modelling (ABM) in
policy and planning of energy transition is particularly valuable, as it can inform decision-making and addresses the
issues of interdisciplinarity and participation [10]. One of the most established approaches in ABM is the technology
or innovation diffusion ABMs, where agents decide to adopt or not adopt (i.e., to invest or not invest in a certain
technology or to perform a certain energy-related action) based on specific rules or algorithms [11].

The rules for an agent in the ABM adopting or not adopting one of the insulation measures of various thicknesses
(10 cm, 15 cm, 20 cm) are defined in this work. These rules are based on the agents’ heterogeneous parameters
(attitude towards renovation, owned building’s age and renovation status, disposable income) and the external
factors, such as availability of a subsidy or one-stop shops, and experience and skills of retrofit providers. In a
timestep representing 6 months, each agent goes through a multi-stage decision process, which incorporates the
effect of the barriers identified from the literature and empirical findings. The adopters’ new attitude will change
after the implementation and the adopters “disseminate” their feedback for retrofit by influencing other agents’
attitude via an opinion dynamics model [13]. After several timesteps (e.g., 6 timesteps = 3 years), the simulation
ends and the number of adopters and non-adopters, the type of adopted measures, costs of renovation, local emission
savings due to energy demand reduction in this simulated scenario are known. Figure 1 depicts the flowchart of the
simulation.

Results

The results will show several scenarios of neighbourhood renovation for a generic residential neighbourhood in the
Netherlands with building archetypes from Tabula Episcope [12]. The scenarios include (but not limited to) such
policy approaches as implementing one-stop-shops to reduce the transaction costs and organizing common purchase
of retrofitting services. The sensitivity analyses with regard to the key variables of the model, such as gas and
electricity prices, agent’s attitude towards renovation, will be presented.
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Figure 1. The flowchart of the agent-based simulation of retrofit uptake

Conclusions

One of the most inclusive and social approaches that is being tested currently in the Netherlands is neighbourhood
heat transition approach, whereby neighbourhood-level solutions to gas-free heating are planned and implemented
[14]. The model presented in this work is an exploratory tool that could potentially be used to test the effect of
various neighbourhood-level measures to increase the uptake of retrofitting. Preliminary results indicate that the
explicit modelling of barriers and agents’ heterogeneity leads to different outcomes compared to purely economic
modelling. Depending on the specific conditions, mix of agents and economic conditions, certain policy measures
such as one-stop shops, reducing transaction costs or neighbourhood renovation campaigns, affecting awareness and
attitude of people may have a significant impact. These policy conclusions will be further elaborated in the full
paper, based on the final model results.
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