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Overview

In order to develop a decision-making tool for the development of regional energy grids, a conceptual framework has been
established in the form of sample living quarters. These have certain characteristics that are pertinent to their description.
The objective of the study presented here is twofold: firstly, to provide a comprehensive definition of sample living quarters
that takes into account both spatial and socio-economic aspects, along with the evolution over time, while also explicitly
considering local resource endowments, energy management options, and technological requirements. Such a definition
can help to foster consistency in urban planning and enabling renewable energy and sectoral integration, acceptable
resilience, and sufficient flexibility within the energy system. Secondly, to outline the primary prerequisites for creating
an algorithm that factors in various aspects of development, including emerging challenges and trends in the development
of living quarters, as well as specific data-related constraints.

Methods

The study establishes heuristics and strategies to identifying distinguished quarters that have specific characteristics. In the
first step, a qualitative and quantitative assessment of attributes and model assumptions is conducted. As a result, the
characterization and definition of relevant sample living quarters, as well as a conceptual delineation system, are defined.
Then, a critical review of the characteristics and applicability of sample living quarters and their impact on energy grids
infrastructure, is undertaken. Anticipation and adoption for future changes of socio-economic structures of regions are also
explicitly considered. In the second step, the study investigates the usefulness of a clustering approach that harvests
geospatial, socio-economic, and energy infrastructure data. To do so, a (K-means) clustering algorithm is developed to
identify clusters that can be distinguished based on the aforementioned attributes, and to provide some guidance on the
optimal number of clusters and sample living quarters to be considered.
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Figure 1: Approach adopted for the classification of the data used



Results

The proposed heuristics enable the assessment of the socio-economic and spatial indicators that should be taken into
account, and which ones can be ignored. Having analyzed around 120 indicators, we find the location of buildings, building
characteristics and specifically the age of the buildings as appropriate spatial indicators. Furthermore, two socio-economic
indicators are defined: power to change and habit of change. Power to change is the ability of people to change towards
more sustainable energy technologies. It is constructed based on the purchasing power and age of the building occupants.
Habit of change indicates the propensity of building occupants to upgrade their energy technologies adopted, which is
constructed as a combination of price sensitivity, ownership and environmental consciousness of the inhabitants.

The proposed quarters are determined based on energy infrastructure indicators such as electric vehicle (EV) potential,
solar photovoltaics (PV) potential, heating system status, socio-economic factors, and building types. We identify the
energy characteristics of clusters for both current and future scenarios. Our analysis reveals, as an example, that there are
ten meaningful clusters in Essen, Germany. These clusters encompass a range of distinguished quarters from the ones with
low energy infrastructure potential (EV, PV), such with low power to change and habit of change (Table 1 (a)), to those
quarters with high potential for sustainable energy options and a high power to change and habit of change (Table 1 (b)).
Visual inspection and statistical analysis of clusters validate the robustness of the results.

Table 1: Sample cluster profiles

(a): Cluster with low future development of energy  (b): Cluster with high future development of energy
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Conclusions

This study defines sample living quarters in a comprehensive manner that integrates socio-economic and spatial dimensions
of quarters over time, considering the development of energy technologies and specific local requirements. The
implementation of the clustering method reveals that the optimal number of clusters depends on several parameters, such
as the set of indicators used, the clustering algorithm, the aim of the clustering, and the number of key required outputs.
The main takeaway of the research is that there is no fixed number of clusters that applies to all cities/regions. However,
the proposed heuristics and search strategy can help to determine the most adequate number of clusters for any given
region.
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