DEMI: Agent models for the digital twins of the connected infrastructures of E4C

Supervision team: Dr Daphne Tuncer (ENPC) and Dr Georgios Bouloukakis (TSP)

Context

Digital twins [1,2] constitute novel approaches to improve the operations and performance of
connected infrastructure for energy-saving purposes. A digital twin is a virtual representation of a
physical environment that mimics the characteristics of the system (e.g., loT infrastructure, smart
grid, building management system technologies) and helps analyse and predict its behaviour under
multiple, possible operating conditions. Recent literature has illustrated how digital twins can assist
in realistically modelling specific infrastructures and services, such as for communication networks
[3], smart buildings [4,5] or electric vehicle charging networks [6].

In previous work, we created a set of digital twins for the smart building and electric vehicle
charging network demonstrators of the Energy4Climate (E4C) multidisciplinary center of research
of Institut Polytechnique de Paris [7-10] and demonstrated how they can be used to test new
approaches for energy management on the infrastructures of the demonstrators, for instance to
assess the impact of different electric vehicle charging session planning strategies [9,10].

In this project, we aim to extend the current capability of the digital twins by implementing agent
models that can facilitate 1) access to data by enabling information retrieval through natural
language; and 2) the control of the sub-systems of the different buildings for energy management
tasks by automating the execution of new configurations (e.g., change the scheduling of vehicle
charging, reduce the consumption between a given time interval, etc.).

The goal is to make the digital twins an operational platform that can be used by the researchers
and the technical team of the demonstrator to test new ideas before deployment, and / or trouble-
shoot existing solutions.

Objectives

The objective of the placement is to augment the functionality of the digital twin platform of the
connected infrastructure of the E4C smart buildings demonstrators with agentic Al-capabilities.
The deployment of agents can facilitate the retrieval of information regarding the current status of
the systems in the smart buildings (for electricity production, consumption and flexibility), as well
as the control and configuration of these systems. The project contributes to developing a test
environment for current research on energy optimisation at E4C.

More specifically, the project will involve three main tasks.

Task 1 — To extend the current digital twin implementation of the X-novation and Building 103
smart buildings, and their charging infrastructures, developed as part previously E4C-supported
internship projects [8-10] and co-supervised by Dr Bouloukakis and Dr Tuncer, with agentic
capabilities for information retrieval and system control.

Task 2 — To develop a software-tool to emulate different types of user interactions with the digital
twins, including technical team, researchers and general users. To do so, the student will build on



previous work [11] and will also conduct a survey of the current approaches developed by the
researchers of E4C to manage energy on the infrastructures and demonstrators of the campus
(e.g., smart charging algorithms, flexibility management approaches, etc.).

Task 3 — To create a demo of the implementation and to organise training sessions with the
technical team of E4C to showcase how the digital twins can be used on concrete scenarios taken
from current research carried out on the systems of the X-novation and Building 103 smart
buildings.

The student undertaking the project will be responsible to run consultations with the different
researchers of E4C and to interact with technical team of E4C throughout the course of the project.

About the placement

* 6 months — starting March or April 2027

* Located at Ecole nationale des ponts et chaussees, Institut Polytechnique de Paris, France

* Joint supervision between Ecole nationale des ponts et chaussees et Telecom SudParis

* Part of the Energy4Climate (https://www.e4c.ip-paris.fr/#/fr/) multidisciplinary research
center of Institut Polytechnique de Paris

* Open to final year engineering school / master (MEng / MSc) student

Skills and competence

* Fluentin English

* Good knowledge of programming (preferably Python and Java) and data structures.
* Good knowledge of standard data format (JSON, CSV, XML)

* Good knowledge of the REST architectural style and RESTful APIs

* Knowledge of LLM and generative Al agents.

* Good interpersonal skills to interact with different contributors

Contact

To apply, contact
* Daphne Tuncer, Ecole des nationale des ponts et chaussees, daphne.tuncer AT enpc.fr
* Georgios Bouloukakis, Telecom SudParis, georgios.bouloukakis AT telecom-sudparis.eu

by providing the following documents:
1.cv
2. Motivation letter presenting relevant, previous experience
3. Transcripts of the last 3 years
4. A course report or article written in English (if any)

Incomplete applications and / or applications sent to only one of the supervisors will be
automatically rejected.
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