Thesis: Data/knowledge hybridization for the prediction of electricity consumption at different
spatial scales in the city.
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Abstract: Maintaining the stability of the electricity network in a context of high penetration of
renewable sources is a challenge that requires prediction models. Forecasting electricity demand on a
local scale is undoubtedly the most complex to obtain. It can be based on a data-driven approach, but
data is scarce and these methods are not very effective on rare situations, which are precisely those
that can unbalance the network. This thesis therefore proposes a hybrid approach based on data and
knowledge, in a context where the latter are varied but few and heterogeneous.

Theme: Data science. Electricity demand forecasting.
Field: EEATS doctoral school, specialising in Electrical Engineering

Objectives:
The energy transition requires the integration of a significant amount of renewable energy into the
electricity grid. This energy is intermittent and contributes to the instability of the grid, the balance of
which must be maintained at all times. This balance between production and consumption is achieved
by controlling demand, the behaviour of which needs to be anticipated on different spatial and
temporal scales.

The aim of this thesis is therefore to develop new techniques for predicting electricity demand by
taking into account the large amount of heterogeneous data available.

These data can be consumption histories, weather predictions, as well as data from social networks,
but also knowledge about the characteristics of buildings and the distribution network.
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Context:

The thesis work will be carried out as part of the PEPR TASE programme, the aim of which is to develop
flexible and resilient energy networks that include a significant proportion of renewable energies.
More specifically, it is part of the Fine4Cast research action, which aims to develop new generations
of tools for forecasting energy demand and renewable production on spatial and temporal scales that
are finer than those currently used.

The work will be carried out at the G2Elab laboratory in Grenoble. In the project consortium, G2ELab
/ Grenoble INP - UGA and the PERSEE Centre of MINES PARIS - PSL specialise in the field of electrical
energy. The other partners are more specialised in meteorological models in conjunction with Météo-
France for the prediction of renewable energies.

The city of Grenoble will be chosen as a case study. A partnership with the city's Distribution System
Operator (DSO) has been set up, giving us access to network topology data as well as actual energy
values measured at an aggregate level.

Method:

The work will begin with a review of the literature on the modelling of electrical demand at the building
to district/city scale (UBEM: urban building energy modelling). The various existing methodologies
include TopDown - BottomUp approaches [1], archetypes [2], as well as hybrid approaches based on
both descriptive knowledge associated with simplified physical models, and machine learning
techniques based on historical data and other explanatory variables [3].

The data available for the case study will be collected and analysed, and a comparison between the
modelling methods and the available data will lead to the definition of the modelling strategy. In order
to enable a replicable approach and to compensate for the lack of data, this strategy could be based
on transfer learning [4], domain adaptation [5], or data augmentation [6].

This strategy should deal in particular with the fusion of heterogeneous data [7], and a particular focus
will be placed on the fusion of time series with textual data from the web [8], in order to study whether
the results that we published at country scale for France [9] can be applied to a local scale such as the
city of Grenoble.
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Expected results:

The main indicator is the accuracy of the prediction, but this will be associated with the
quantity/quality of the data or information required to build the model. Similarly, the ease/accessibility
of implementing the method will be considered.

The methodology developed will be the main deliverable. It will have to be argued, tested and
criticized. At least one article will be submitted to a peer-reviewed international scientific journal.
Python code and a notebook tutorial will be made available as open science.
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Scientific, material (specific safety conditions) and financial conditions of the research project :
Salary of €2,200 gross per month (rising to €2,300 gross on 1 January 2026). Office in the laboratory,
all hardware and software provided.

Promoting the doctoral student's research work: PhD student will participate to at least one
international conference. His developments will be published in open-source.

Profile and skills required : The candidate must have a scientific background and a research master's
degree in modelling. He or she should be familiar with electrical engineering or energy systems physics,
mathematical, statistical and numerical modelling, and have solid IT skills, particularly in Python
programming with a knowledge of classic data science libraries. He or she must have a taste for
research and innovation, and a personal investment in a subject that he or she will lead.

Contact : benoit.delinchant@G2ELab.grenoble-inp.fr
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