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Abstract-

With 750 million people lacking access to electricity, cost-effective rural
electrification is essential. A critical challenge for rural electrification projectsis
determining whether to cluster consumers to best serve them with standalone
systems, mini-grids, or grid extensions. While state-of-the-art models offer
advanced solutions, current clustering algorithms often rely on simplified cost
estimators and rigid, bottom-up approaches, limiting their accuracy and
adaptability.

This paper introduces a clustering algorithm that advances the state of the art by
thoroughly evaluating the space of potential off-grid clustering solutions (i.e., the
algorithm excludes extensions of the power grid as alternatives) and enhancing
the accuracy of cost estimations. Applied to the Cajamarca region in Peru, it
reduced electrification costs by 6.16% compared to a traditional state-of-the-art
clustering method. Qualitatively, the method produced smaller, better-sized
mini-grids and more appropriate allocations of standalone systems,
demonstrating planning accuracy for sustainable energy access. An additional
sensitivity analysis was performed, demonstrating the algorithm's ability to
consistently deliver more cost-efficient and flexible electrification solutions,
ther eby contributing to sustainable ener gy access.

Index Terms- Rural electrification; Large-scale planning; Clustering; Mini-grids;
Off-grid systems

Due to copyright restriction we cannot distribute this content on the web. However,
clicking on the next link, authors will be able to distribute to you the full version of the

paper:
Request full paper to the authors

If you institution has a electronic subscription to Energy Strategy Reviews, you can
download the paper from the journal website:
Access to the Journal website

Citation:

Ciller, P.; Lumbreras, S; Gonzdlez-Garcia, A. "Which customers belong together? An
enhanced off-grid clustering algorithm for cost-effective rural electrification”, Energy
Srategy Reviews, vol.65, pp.102213-1-102213-22, May, 2026.


https://www.iit.comillas.edu/publicacion/revista/en/2856/Which customers belong together? An enhanced off-grid clustering algorithm for cost-effective rural electrification
https://doi.org/10.1016/j.esr.2026.102213

