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The 5th meeting of the French-Singaporean research network on Renewable Energy (IRN 
SINERGIE*) will be held in Aix-en-Provence (Hotel Escale Oceania), France, from 
September 26th to 30th 2022. 

 
This meeting will be mainly devoted to the 4th Summer School of the network on 

"Artificial Intelligence for energy systems management and resilience". For several 

years, artificial intelligence has become more and more important in most research areas 

and deep learning algorithms have been increasingly used in the resolution of complex 

problems, in systems optimisation, etc., by taking advantage of their ability to process 

large data sets.  In the field of energy, AI can be used, for example, in energy networks 

management or in the design of new materials with improved properties for energy 

conversion or storage. These capabilities will be discussed and illustrated through 

lectures and seminars given by recognised experts, both within and outside the network.  

 

The summer school is open to scientists, PhD students and post-doctoral fellows from the 

network's laboratories. 

 
P R O G R A M  O V E R V I E W  

 

 
Monday 

26/9 
Tuesday 

27/9 
Wednesday 

28/9 
Thursday 

29/9 
Friday 
30/9 

9:00 - 10:30 
am 

Arrivals 

Lecture 2 Lecture 3 Lecture 4 
Seminar (1) 

Wrap-up and 
conclusions 

11:00 
- 12:30 am 

Seminars (2) 
IRN SINERGIE 

discussions 
Seminars (2) Networking 

 Lunch Lunch Lunch Lunch Lunch 

2:00 - 3:30 
pm 

Opening 
lecture 

PhD talks (3) 
Seminar (1) 

Visit to ITER 
(St-Paul-les-

Durance) 

Seminars (2) Departures 

4:00 - 5:30 
pm 

Seminars (1) 
PhD talks (3) 

City Tour Closing lecture 
 

Evening Dinner Dinner Dinner Dinner 

 

 
Organisation : 

Alain DOLLET (CNRS)  alain.dollet@promes.cnrs.fr 
Claude GUET (NTU) CGuet@ntu.edu.sg 
Vincent DEBUSSCHERE (G2Elab, UGA-Grenoble INP) vincent.debusschere@grenoble-inp.fr 
 

 

 

 

* The SINERGIE network gathers researchers from Nanyang Technological University 

(NTU), CNRS, CEA and several French Universities & High Schools (CentraleSupelec, 

Université de Grenoble Alpes, etc.)  

mailto:alain.dollet@promes.cnrs.fr
mailto:CGuet@ntu.edu.sg
mailto:vincent.debusschere@grenoble-inp.fr
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F U L L  P R O G R A M  
 

 
 
 
 
 

From 9:00 am Transport from Marseille airport/TGV station to hotels  
(Novotel Beaumanoir and Escale Oceania) 

1:00-2:15 pm  Lunch at Hotel Escale Oceania 

2:15-2:30 pm   Welcome address 
Dr Alain Dollet, CNRS & Ass. Prof. Vincent Debusschere, G2Elab-UGA 
Prof. Subodh Mhaisalkar, NTU & Prof Claude Guet, NTU 

2:30-4:00 pm  Opening lecture. " Predictive and Generative algorithms for energy 
materials design " 

  Dr Jean-Claude Crivello, ICMPE-CNRS 

4:00-4:30 pm  Coffee break 

4:30-5:15 pm  Seminar 1." Intelligent Adaptive Model Predictive Control System 
for Building Automation System " 
Dr Swapnil Dubey, ERI@N, NTU 

5:15-6:00 pm  PhD talk 1. " Load forecasting using new kernel based Gaussian 
Process Regression " 
Muluken Regas Eressa, LIGM, Univ. Gustave Eiffel 

PhD talk 2. " Cool Coating for UHI Mitigation in the Tropical Climate" 
Long Yongping, Donthu E. V. S. Kiran Kumar, Zhou Mandi, Zhang 
Xiaoqin, Ng Bing Feng, Wan Man Pun, NTU 

PhD talk 3. " Use of artificial intelligence for electronic waste sorting 
and recycling " 
Nicolas M. Charpentier, Ange A. Maurice, Andrea Brambilla, Jean-
Christophe P. Gabriel, SCARCE lab., ERI@N-NTU & CEA 
 

7:30 pm Dinner at Hotel Escale Oceania 
 
  

Monday, September 26th (Hotel Escale Oceania) 
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9:00-10:30 am Lecture 2. " Ocean Energy & Ecology Assessment: Modelling & 
Forecasting using physics based & AI based tools " 
Dr Srikanth Narasimalu, ERI@N, NTU 

10:30-11:00 am Coffee break 

11:00-11:45 am Seminar 2. " Combinatorial studies and artificial intelligence for the 
development of advanced battery materials " 
Dr Coline Adda, CEA Tech Nouvelle Aquitaine 

11:45-12:30 am Seminar 3. " New Hybrid architecture of DERMS for Demand Side 
Flexibility and scalability " 
Dr Pradhan Tanmay Kumar and Dr Hanwen Zhang, ERI@N, NTU   

12:30 am-2:00 pm Lunch at Hotel Escale Oceania 

2:00-2:45 pm PhD talk 4. " Thermal comfort management in a building microgrid  
by deep reinforcement learning" 
Mohsen Dini, Florence Hossart, GeePS, CentraleSupelec 

PhD talk 5. " Investigation of Radiative Cooling under Tropical 
Climate using Recycled Materials" 
Han Di and Ass. Prof. Ng Bing Feng SAME, NTU 

PhD talk 6. " Reinforcement Learning for Robust Voltage Control in 
Distribution Grid under Uncertainties" 
Aleksandr Petrusev, Muhammad Andy Putratama, Rémy Rigo-Mariani, 
Vincent Debusschere, Patrick Reignier, Nouredine Hadjsaid, 
G2Elab/LIG - Univ. Grenoble Alpes 

2:45-3:00 pm  The "DESCARTES" CREATE program 
   Dr Rémy Rigo-Mariani, G2Elab - Univ. Grenoble Alpes 

3:00-3:30 pm  Coffee break 

3:30-4:15 pm  Seminar 4. "Artificial Intelligence for developing hydrogen-energy 
systems with improved durability " 
Prof. Daniel Hissel, FEMTO-ST, Univ. Franche-Comté 

 

4:30-7:00 pm  Guided Old City tour  
(Transport to city by public bus) 

 

7:30 pm.   Dinner at Hotel Escale Oceania 

  

Tuesday, September 27th (Hotel Escale Oceania) 
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9:00-10:30 am Lecture 3. " Advanced data-analytics for smart grid applications "  
Ass. Prof. Yan Xu, SEEE, NTU 

10:30-11:00 am Coffee break 

11:00-11:45 am IRN SINERGIE discussions.  
Presentations by topic/subtopic leaders 

11:45 am-1:00 pm Lunch at Hotel Escale Oceania 

1:00-2:00 pm  Departure from Hotel Oceania to Cadarache (bus) 

2:00-4:45 pm Visit of ITER international project (St-Paul-les-Durance) 

 

2:00-2:15 pm Arrival to ITER (via entrance B – security formalities* – PPE) 
2:15-3:15 pm Presentation at the Visitor centre 
3:15-4:30 pm Worksite visit 
4:30-4:40 pm End of the visit 

4:45 pm  Departure from ITER to Hotel Escale Oceania  

7:30 pm.   Dinner at Hotel Escale Oceania 

 

 

* Important:  
- a valid passport is required 
- wearing pants and closed shoes is mandatory  

Wednesday, September 28th (Hotel Escale Oceania) 
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9:00-10:30 am Lecture 4. " Renewable Energy Forecasting – State of the art and 
new research directions "  
Prof. Georges Kariniotakis, Mines de Paris, Centre PERSEE, Univ. PSL 

10:30-11:00 am Coffee break 

11:00-11:45 am Seminar 5. " Introduction to the Power Electronics and Applications 
Research Lab at NTU: Highlight of Research Strengths " 
Dr Ghias Farivar, ERI@N, NTU 

11:45-12:30 am Seminar 6. " Optimized Radiative Properties of Metasurfaces and 
Metafoams for Energy Efficient Solar Steam Water Generation and 
for Radiative Cooling. Recent achievements in France and 
Prospective collaborations with NTU " 
Prof. Tarik Bourouina, ESYCOM, Univ. Gustave Eiffel 

12:30 am-2:00 pm Lunch at Hotel Escale Oceania 

2:00-2:45 pm  Seminar 7. “Multi-objective Optimization, Modelling & development 
of High Frequency Transformers for DC-DC Stage in Solid State 
Transformer " 
Dr. VB Sriram & Dr. Anshuman Tripathi, ERI@N, NTU 

2:45-3:30 pm Seminar 8. " Smart Hi-Voltage Cables for Offshore Energy - 
Multiphysics modeling & Structural Health Monitoring Innovative 
Concept / FLOW-CAM European Project " 
Prof. Drissi-Habti, COSYS Dept, Université G. Eiffel 

3:30-4:00 pm  Coffee break 

4:00-5:30 pm  Closing lecture. " Deep Reinforcement Learning and Its Applications 
for Future Wireless Networks"  
Prof. Dusit Niyato, SCSE, NTU 

7:30 pm.   Dinner at Hotel Escale Oceania 

 

  

Thursday, September 29th (Hotel Escale Oceania) 
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9:00-9:40 am  Seminar 9. " New Alternative Cooling-Power Supply Solutions and 
Strategies for Singapore: a) Cryo-Cogeneration Energy System; b) 
Sustainable Development Scenarios " 
Dr. Fadhel Ayachi, ERI@N, NTU 

9:40-10:00 am  Wrap-up and Concluding remarks 
Prof. Subodh Mhaisalkar, NTU & Prof Claude Guet, NTU 
Dr Alain Dollet, CNRS & Ass. Prof. Vincent Debusschere, G2Elab-UGA 

10:00-10:30 am  Networking activities (collaboration opportunities, etc.) 

10:30-11:00 am Coffee break 

11:00-12:00 am Networking activities (cont.) - Closure of the meeting 

12:00 am-1:30 pm Lunch at Hotel Escale Oceania 

From 1:30 pm  Departures from Hotels to Marseille airport/TGV station 

  

Friday, September 30th (Hotel Escale Oceania) 
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French-Singaporean research network onRenewableEnergy (SINERGIE)

4th Summer School
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September 26th - 30th 2022
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Predictive and Generative algorithms for energy materials design  

Jean-Claude Crivello * 

* Université Paris-Est, Institut de Chimie et des Matériaux Paris-Est, UMR 7182 CNRS UPEC, 2 rue H. 
Dunant, 94320 Thiais, France 

 
The influence of artificial intelligence on scientific disciplines naturally applies to chemistry and 
materials science. Through the different categories of "AI" methodologies, especially related to 
machine learning, this paper will illustrate with examples the wide coverage of algorithms used 
to address problems related to materials science. 
A first review of prediction algorithms will be done: how from classical approaches of regression 
and classification, it is possible to predict and thus to orientate the research in materials. Some 
examples of descriptive approaches will be presented. 
Moreover, when the number of training data is limited, it is advisable to turn to generative 
algorithms (GAN, VAE, ...). Already used in molecular chemistry, these methods can also be applied 
to the design of energy-related materials, such as metal hydrides for hydrogen storage, as we will 
see. 
 

 
Fig. CrystalGAN: generation of hydrides from Disco-GAN method (Nouira et al. AAAI-make 2018) 
 
  

French-Singaporean research network onRenewableEnergy (SINERGIE)

4th Summer School

Aix-en-Provence, France

September 26th - 30th 2022
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Intelligent and Adaptive Model Predictive Control (MPC) System for Building 
Automation System  

Swapnil Dubey*, Wan Man Pun ** 

* Energy Research Institute @ NTU, Nanyang Technological University, Singapore 
** School of Mechanical and Aerospace Engineering, Nanyang Technological University, Singapore    

 
Energy efficient management of building systems can play a major role in minimising overall 
energy consumption as residential and commercial sectors account for nearly 40% of energy 
consumption worldwide. In Singapore, more than 50% of this energy usage goes towards comfort 
control in buildings, namely the air-conditioning and mechanical ventilation (ACMV). Because of 
the long lifespan of buildings and high cost of refurbishments, it is imperative to increase the 
energy efficiency of existing ACMV systems, i.e., to reduce the energy use and utility costs while 
guaranteeing comfort for the buildings’ occupants. The development of smart and integrated 
green building technologies is of fundamental interest to the nation’s drive towards Smart Nation 
and Sustainable Singapore. The current practice of building automation control (BAC) systems is 
‘reactive’ control, which typically generates control signals based on past measured information 
and deviations from control set point. Reactive-based BAC systems have several limitations: (1) 
Due to the dynamics in buildings and its ACMV system, reactive-based controllers can never 
actually achieve the desired room condition based on the past information; (2) Reactive-based 
controllers are typical for single input system and barely coordinates between different systems 
such as lighting, shading, ACMV systems; and (3) The set point of a reactive-based controller often 
differs from the best room conditions. For instance, thermal comfort is related to many 
parameters, including air temperature, velocity, humidity, human activity level, radiant 
temperature, etc., rather than room air temperature set point. The shortages of the current 
reactive-based BAC systems could cause issues such as low energy efficiency and unsatisfactory 
human comfort.  
To address the limitations of current BAC system, NTU research team has developed model 
predictive control (MPC) system. The MPC system can perform integrated control of ACMV 
system, shading system and lighting system in buildings. The core of the MPC system includes a 
building model consisting of a linear state-space building heat and humidity dynamic model, a 
data-driven lighting power model and a data-driven illumination model as the basis for the 
forward prediction capability. A fast optimisation algorithm was developed to provide real-time 
integrated control of multiple building system. The MPC system has been pilot test bedded at 
various commercial buildings in Singapore and able to achieve energy savings over 20%, while 
maintaining the thermal and visual comfort. This presentation will share about MPC technology, 
discuss the test bedding results at BCA Skylab and one of the lecture theatre (LT) in NTU. 
  

French-Singaporean research network onRenewableEnergy (SINERGIE)

4th Summer School

Aix-en-Provence, France

September 26th - 30th 2022
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Load forecasting using new kernel based Gaussian Process Regression  

Muluken Regas Eressa* , ***, Hakim Badis **, Laurent George*, Dorian Grosso*** 

* LIGM, ESIEE, Univ. Gustave Eiffel, France 
** LIGM, Univ. Gustave Eiffel, France 

*** METRON, France 
 

 
A maximized accuracy and minimized prediction interval (PI) are desirable features of a forecast 
model. Energy companies utilize these attributes to efficiently manage power systems, maintain 
grid stability and maximize their profit gain. In this presentation, we focus on the short-term 
demand forecast, based on the Sparse Variational Gaussian Process (SVGP). We, first, propose a 
dynamic kernel selection algorithm that simplifies the search for a valid covariance matrix. Then, 
we investigate the dependence of accuracy and PI based on the size of training data and inducing 
variables used for approximation. The overall model performance is evaluated using prediction 
interval coverage probability (PICP) and mean prediction interval width (MPIW). In addition to 
that, we conducted model evaluation studies on SVGP and long short-term memory (LSTM) 
models based on these metrics. The results show the proposed algorithm provides a valid kernel 
to data that exhibit known and unknown patterns. The simulations reveal SVGP achieves higher 
prediction accuracy and minimized PI than LSTM. However, the SVGP model suffers from the 
curse of generalization. The variational inference applied when building SVGP ultimately ignores 
rare moments that happen periodically. Their forecast is approximated or lumped as similar with 
the most frequent moments. Finally, utilizing SVGP and aggregated LSTM models, we 
demonstrated the degree of compromise one could make with respect to the selection of a 
predictive model, size of training data and inducing variables to achieve the same level of forecast 
accuracy and minimized PI. 
 
 
  

French-Singaporean research network onRenewableEnergy (SINERGIE)

4th Summer School

Aix-en-Provence, France

September 26th - 30th 2022
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Cool Coating for UHI Mitigation in the Tropical Climate  

Long Yongping*, Donthu E. V. S. Kiran Kumar**, Zhou Mandi**, Zhang Xiaoqin**, Ng Bing Feng***, 
Wan Man Pun***  

* Energy Research Institute, Interdisciplinary Graduate Prog., Nanyang Technological University, Singapore 
** Energy Research Institute@NTU, Nanyang Technological University, Singapore 

*** School of Mechanical & Aerospace Engineering, Nanyang Technological University, Singapore 

 
Climate change is one of the global grant challenges humanity is facing. For urban environments 
where the majority of human population lives, adverse effects of climate change on the society 
and economy, particularly the outdoor thermal discomfort and increased cooling energy demand, 
are exacerbated by the Urban Heat Island (UHI) effect. Many solutions are proposed to mitigate 
the UHI effects, among which cool coating (of high solar reflectance and thermal emittance) is a 
passive strategy that can be adopted relatively easily. The performance of cool coating as a UHI 
effect mitigation solution has been reported in previous studies, mostly in temperate climates. In 
the tropics where cooling is soughing all year round, cool coating should be a more advantageous 
solution than it is in temperature climates. 
We investigated the performance of cool coating in the tropical city of Singapore at meso- and 
microclimate scales. Weather Research and Forecasting (WRF) model coupled with Urban Canopy 
Model (UCM) was adopted for mesoscale simulations. They show that solar heat absorbed by 
urban structures during daytime contributes to the night-time UHI formation in the city. Applying 
cool coating on the surfaces of urban structures (roofs, façades and road pavements) citywide 
reduces solar heat absorption and can lead to average air temperature reduction at ground level 
by up to 3.1oC during daytime, and nocturnal UHI intensity reduction by 30 – 38% in residential 
areas. Applying cool coating on roofs provides the most cooling effect, followed by walls and 
pavements. 
Cool coating effect at the microclimate scale was investigated using the numerical modelling tool 
EnviBatE as well as field experiments at a high-rise residential and a low-rise industrial site. In 
the residential site, an average air temperature reduction of 1.0oC (maximum 2.5oC) was 
observed at mid-canyon and 0.9oC (maximum 2.3oC) at ground level, leading to 1.5oC (maximum 
4.8oC) of UTCI reduction at ground-level. In the industrial area, the average ground-level air 
temperature reduction was 0.6oC (maximum 2.3oC). Applying cool coating to a cluster of 
buildings shows better retention of microclimate cooling effect than it does when applying to 
scattered individual buildings. EnviBatE simulations also show that the air-conditioning 
electricity consumption can be reduced by up to 30% on the top floor of high-rise residential 
buildings with the implementation of cool coating. 
 
Keywords: UHI, Cool Coating, WRF, EnviBatE, Thermal Comfort 
  

French-Singaporean research network onRenewableEnergy (SINERGIE)
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Use of artificial intelligence for electronic waste sorting and recycling  

Nicolas M. Charpentier*, Ange A. Maurice*, Andrea Brambilla**, Jean-Christophe P. Gabriel*, *** 

* SCARCE Laboratory, Energy Research Institute @ NTU (ERI@N), Nanyang Technological University, 
Singapore 637459, Singapore 

** CEA Leti, Université Grenoble Alpes, 38054 Grenoble, France  
*** LICSEN, NIMBE, CNRS, CEA, Université Paris-Saclay, 91191 Gif-sur-Yvette, France 

 
Electronic waste represents major environmental, economic, and strategical challenges and 
remains an underexploited goldmine. The current treatment of waste printed circuit boards 
(WPCBs) relies on manual picking of valuable electronic components (ECs) and raw crushing 
followed by leaching of the WPCBs allowing the recycling of only 10 out of the 60 elements found 
in WPCBs. Most of the elements of interest (Pt, Pd, rare earth elements (REEs), Ta, Au…)  being 
found in too low concentrations to be recovered directly from the bulk of the WPCBs. By 
disassembling and sorting the ECs based on their elemental composition, one can expect to enrich 
the final streams in targeted elements and get access to them. To do so, we developed a sorting 
process based on machine vision and multi-energy X-ray transmission (MEXRT) using artificial 
intelligence to classify ECs. The combination of image recognition using a convolutional neural 
network and MERXT information provides access to more detailed data on the ECs composition 
that could not be possible by optical mean alone. This process shows promising results with a 
sorting accuracy of 100 % for Nd-based ceramic capacitors which can be extended to other 
elements such as Ta, Au, Pb or other REEs. 
 
  

French-Singaporean research network onRenewableEnergy (SINERGIE)
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Ocean Energy & Ecology Assessment: Modelling & Forecasting using physics based 
& AI based tools  

Srikanth Narasimalu* 

* Energy Research Institute@NTU, Nanyang Technological University, Singapore 

 
Ocean energy modeling helps understand the energy resource potential from the tides, waves and 
floating solar that has been well studied in the temperate waters. However, the Tropical belt 
encompasses more than 125 of the world's countries are found to be economically developing 
region relying on fossil fuel and craves for clean energy to ensure energy security and support 
their industrial & public energy needs along with high ambitions to cut their greenhouse 
emissions.  
Literature review shows lack of tidal and wave characterization data in the tropics, more 
promoting expensive commercial ocean modeling tools and inadequate on-field sensor system 
suggestions. The present study focuses on unique way of combining numerical model with on-
field measurements to effectively predict the tidal resource potential of Tropical waters with high 
accuracy. This study also focuses effect of meteorological factors, such as wind and wave specifics 
to Tropics, to further increase the accuracy of prediction. From the results, the overall theoretical 
potential of Tropical waters with varying maximum water depths were estimated along with 
mean, maximum power, and energy output, considering spatial and temporal variations in flow 
velocities and in power density. 
This presentation will firstly share how tropical countries can harness clean energy from their 
coastal waters’ tidal flow by systematic estimation of the tidal energy resource potential and 
forecasting through Physics based and AI based tools. Secondly the role of artificial intelligence 
such as genetic algorithms in the renewable system design such as turbine aerofoil/hydrofoil to 
optimize the design towards maximizing the ocean site-turbine matching. Thirdly, the 
presentation will highlight how machine learning algorithms such as Type II fuzzy neural 
network-based forecasting aid the renewable energy prediction and thereby predict the future 
energy harnessing potential. Finally, the usage of the models towards environmental impact 
assessment such as deducing the effects of ocean energy system deployment on the ocean ecology 
and the asset’s health will be discussed through physics based and AI based tools.   
  

French-Singaporean research network onRenewableEnergy (SINERGIE)
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Combinatorial studies and artificial intelligence for the development of advanced 
battery materials  

Coline Adda*, William Berthou*, Maxime Legallais*, Frédéric Le Cras *, **, Jean-Philippe Poli***, 
Gunay Yildirim* 

* CEA, DRT, CEA Tech Nouvelle Aquitaine – Plateforme Batterie, 33600 Pessac 
** Université Grenoble Alpes, CEA, LITEN, Grenoble, F-38000, France 

*** Université Paris-Saclay, CEA, LIST, Palaiseau, F-91120, France 
 

During the last three decades, lithium batteries has become the preferred energy storage solution 
in various application fields, from consumer electronics to automotive and smart grids. Huge 
progress have been achieved so far in terms of energy density, cycle life, safety, production cost 
and sustainability, thanks mainly to an improvement of the intrinsic properties of electrode active 
materials and the electrolyte/electrode compatibility. Now, further improvements are still 
required to meet specifications that are even more demanding. But new material solutions may 
now hide in less conventional, more complex compositional domains. Therefore, developing, 
choosing and optimizing these materials can be very challenging and is time-consuming. In 
response to these challenges, combinatorial and high throughput approaches comprising 
automation of experiments and high capacity information processing, have been developed and 
established. Seminal work by Prof. Jeff Dahn, at Dalhousie University, lead to the design of a 64-
Channel combinatorial electrochemical cell to record the electrochemical response of up to 64 
different Li-ion electrode compositions in parallel. They aim to prepare and to map the properties 
of large portions of (pseudo)-ternary phase diagrams, in an efficient way. 
In this context, a collaborative project has been initiated between CEA LIST (AI Lab) and our lab. 
Its aim is to apply and assess the performance of symbolic artificial intelligence (ExpressIF®), 
using battery materials prepared by combinatorial synthesis as a case study. To achieve this goal, 
we use magnetron sputtering and a 3-target cluster to prepare thin films with compositional 
gradients, and consequently parts of ternary phase diagrams, at the surface of a Ø100 mm wafer. 
Physical, chemical and electrochemical properties will then be characterized with high 
throughput techniques (XRD, SEM, EDS, …). Use of AI on the generated datasets will allow 
performance driven design for the next generation of advanced materials. 
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New Hybrid Architecture of DERMS for Demand Side Flexibility and Scalability  

Tanmay Pradhan* and Zhang Hanwen* 

* Energy Research Institute@NTU, Nanyang Technological University, Singapore 

 
In its drive for sustainability and decarbonisation, the global energy landscape is being disrupted 
by renewable integration, electrification of transportation, utility-level energy storage, and 
demand-side management. Managing the DERs (Distributed Energy Resources) while maintaining 
grid reliability becomes a great challenge for the electrical utilities, and it must be addressed 
through the instruments of digitalisation and decentralisation, without having to incur heavy 
investments for upgrading the existing infrastructure. The purpose is to design a scalable, flexible 
and secure platform for distribution grid management to retain grid reliability and stability in the 
face of a large deployment of DERs and maximize the utilization of DER flexibility with high 
granularity. This presentation will discuss the hybrid architecture (both centralized and 
decentralized) of DERMS that addresses the demand side flexibility and scalability issue of DERs. 
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Thermal comfort management in a building microgrid  
by deep reinforcement learning 

Mohsen Dini*, Florence Ossart** 

* Université Paris-Saclay, Centrale Supélec, CNRS, Laboratoire de Génie Electrique et Electronique 
de Paris, Gif-sur-Yvette, 91192, France 

** Sorbonne Université, CNRS, Laboratoire de Génie Electrique et Electronique de Paris, Paris, 
75252, France 

 
 
Increasing the integration of renewable energies like solar production requires decentralizing the 
electricity network structure, especially thanks to microgrids.  Microgrids are designed to manage 
production, consumption and storage at a local scale, in order to optimize self-consumption and 
reduce the carbon footprint and operating costs.  
 
A recent Eurostat publication indicates that in 2020 space heating and water heating represented 
62.8 % and 15.1 % of the final energy consumption of EU households [1]. So, optimizing the 
heating consumption while respecting the user thermal comfort would make a vital improvement.  
 
In this work, we study the application of deep reinforcement learning (DRL) to build a real-time 
energy management system (EMS) dedicated to the control of heating loads. The learning process 
is based on past data and does not need any forecaster.  
 
We consider a residential building-scale microgrid with PV production and a connection to the 
primary grid with peak/ off-peak prices. The EMS manages the HVAC system and the domestic 
hot water boiler to minimize the operational cost while keeping a comfortable temperature range. 
The EMS receives various temperature data and controls the HVAC and the boiler via discrete  
on/off actions. We use the DQN algorithm, suited for this type of continuous states / discrete 
actions system [2].  
 
Numerical experiments are conducted and the results show the effectiveness of the reinforcement 
algorithm for learning how to manage the system without any model knowledge. 
 

 
[1] EUROSTAT (2020). Energy consumption in households. https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=Energy_consumption_in_households#Energy_consumption_in_households_by_type_of_end-use. 
 
[2] Human-level control through deep reinforcement learning, Google DeepMind: Mnih et al.” 2015 
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Investigation of Radiative Cooling under Tropical Climate using Recycled 
Materials  

Han Di*, Ng Bing Feng* ,+ 

* School of Mechanical and Aerospace Engineering, Nanyang Technological University, 50 Nanyang Avenue, 
Singapore 639798 

 
With rising global temperatures, there has been an increase reliance on heating, ventilation, and 
air conditioning (HVAC) systems which in turn generates even more greenhouses gases that 
worsens the climate in an endless loop. Separately, to tackle the disposal of plastics resulting from 
economic growth and activities, recycling of plastic waste becomes key to tackle the increasing 
demands for landfills and plastic incineration. Hence, this study aims to integrate passive cooling 
with recycled plastics to create a recycled polymer-based radiative cooling paint to tackle both 
the increasing demand for cooling systems and plastic recycling, respectively. Samples of the 
barium sulphate (BaSO4) paint developed from recycled Polymethyl Methacrylate (PMMA), 
Polyvinyl Chloride (PVC) and Polystyrene (PS) are investigated for their radiative cooling 
performances under tropical climate. With highly solar reflectance of over 97% and infrared 
emittance of over 90%, cooling performances of samples developed from recycled plastics and 
virgin plastic are comparable. During noontime in the tropics, the modified radiative cooling paint 
(BaSO4 with mixed 50% PVC and 50% PS) is able to remain at sub-ambient temperatures (around 
1°C below ambient) throughout the entire duration. 
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Reinforcement Learning for Robust Voltage Control in Distribution Grid under 
Uncertainties 

Aleksandr Petrusev*,**, Muhammad Andy Putratama*, Rémy Rigo-Mariani*, Vincent Debusschere*, 
Patrick Reignier**, Nouredine Hadjsaid* 

* Univ. Grenoble Alpes, CNRS, Grenoble INP, G2Elab, 38000, Grenoble, France 
** Univ. Grenoble Alpes, CNRS, Grenoble INP, LIG, 38000, Grenoble, France 

 
Traditional optimization-based voltage controllers for distribution grid applications require 
consumption/production values from the meters as well as accurate grid data (i.e., line 
impedances) for modelling purposes. Those algorithms are sensitive to uncertainties, notably on 
consumption and production forecasts or grid models. This work focuses on the later. Indeed, line 
parameters gradually deviate from their original values over time due to exploitation and weather 
conditions. Also, those data are oftentimes not fully available at the low voltage side thus creating 
sudden changes between datasheet and actual value. In order to mitigate the impact of uncertain 
line parameters, this work proposes the use of deep reinforcement learning algorithm for voltage 
regulation purposes in a distribution grid with PV production by controlling the setpoints of 
distributed storage units as flexibilities. Two algorithms are considered, namely TD3PG and PPO. 
A two-stage strategy is also proposed, with offline training on a grid model and further online 
training on an actual system (with distinct impedance values). Obtained performance results are 
compared with a second-order conic relaxation optimization-based control. The results show the 
relevance of the RL-based control, in terms of accuracy, robustness to gradual or sudden 
variations on the line impedances and significant speed improvement (once trained). 
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Artificial Intelligence for developing hydrogen-energy systems with improved 
durability 

 

Daniel Hissel* 

* FEMTO-ST Institute, FCLAB, University of Franche-Comté, Belfort, France 
Hydrogen National Research Federation (FRH2 - CNRS) 

Institut Universitaire de France (IUF) 

 
 
To face the dependency to fossil fuels and limit the carbon emissions, fuel cells are a very 

promising technology and appear to be a key candidate to face the increase of the energy demand 

and promote the energy transition and energy mix. To meet future needs for both automotive and 

stationary applications, fuel cell systems will require improved durability.  

To reach this aim, artificial intelligence techniques are already used for modeling, control, 

diagnosis of state-of-health, or even prognosis of remaining useful lifetime under actual operating 

conditions.  

This presentation will provide an overview of the techniques used, from a software or hardware 
point of view, to increase the performance of hydrogen PEM (Proton Exchange Membrane) fuel 
cell systems, and, in fact, to accelerate their marketing. 
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Advanced data-analytics for smart grid applications  

Yan Xu * 

* School of Electrical and Electronic Engineering, Energy Research Institute @ NTU  
Nanyang Technological University (NTU), Singapore 

 
Along with the Smart Grid development, modern power systems are entering a “data-intensive” 
era. A vast volume of data of the power grid can be collected through advanced sensing and 
communication technologies, such as smart meters, phasor measurement units, power asset 
sensors, etc.  Such data contains comprehensive information about the power system covering 
equipment’s health status, power grid’s static and dynamic characteristics, customers’ electricity 
usage pattern, etc.  
This lecture will present our research works on smart grid data-analytics at three levels: grid level, 
customer level, and asset level. Specifically, a series of methods will be introduced for data-driven 
stability analysis, data-driven power system operation and control, smart meter data-analytics 
and home energy management, power equipment fault diagnosis and health monitoring.   
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Renewable Energy Forecasting – State of the art and new research directions 

Georges KARINIOTAKIS* 

* MINES Paris, Centre PERSEE, PSL University, Sophia-Antipolis, France 

 
 
One of the levers of the Energy Transition is to substantially increase the integration of Renewable 
Energy Sources (RES) into the electricity grids. This however brings several challenges to the 
various actors involved; utilities, TSOs, DSOs, aggregators, market operators a.o. Today, all these 
actors use extensively short-term forecasts of RES production at horizons ranging from a few 
minutes to a few days ahead, to take decisions regarding the safe and economic operation of the 
power system and the assets. Research and development on variable RES (wind, solar) forecasting 
dates to the ‘80s and it has evolved to a very active research field today. The objective is always to 
improve accuracy and better estimate uncertainties. Operational forecasting systems are in use 
since early ‘90s. The mainstream forecasting approaches are based either on physical or statistical 
modelling or both. In the last years data science brings promising contributions. The focus of 
research is also on how to optimize the use of forecasts in applications like trading RES production 
in the markets, management of distribution and transmission grids (unit commitment, economic 
dispatch, congestion management, reserves allocation etc), management of virtual power plants 
on the markets, microgrids and others.  
This lecture will present the state of the art, will highlight main contributions in the literature and 
will present the way forecasts are used in applications. New directions of research will be also 
presented with focus on some disruptive approaches developed in the H2020 EU project 
Smart4RES.  
 
For further reading you can refer to: 
Georges Kariniotakis. “Renewable Energy Forecasting: From Models to Applications.” Elsevier - 
Woodhead Publishing, pp.386, 2017, Woodhead Publishing Series in Energy, ISBN 9780081005040.   
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Introduction to the Power Electronics and Applications Research Lab at NTU: 
Highlight of Research Strengths  

Ghias Farivar* 

*Energy Research Institute @ NTU , Nanyang Technological University (NTU), Singapore 

 
This presentation introduces the Power Electronics and Applications Research Lab (PEARL@NT) 
established in the Energy Research Institute (ERI@N). A brief overview of our research strengths 
and latest contributions will be provided. Specifically, the presentation involves introducing 
innovative concepts of low-capacitance static var compensator and power disparity limits of 
modular converter based battery energy storage systems. 
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Optimized Radiative Properties of Meta-surfaces and Meta-foams for Energy 
Efficient Solar Steam Water Generation and for Radiative Cooling.  
Recent achievements in France and Prospective collaborations with NTU 

Tarik Bourouina* 

* ESYCOM Lab, Université Gustave Eiffel, France 

 

This presentation will cover the topic of radiative properties of metamaterials, including meta-
surfaces and meta-foams that have been designed and optimized for two specific applications, 
both targeting the collection of fresh water resources in a fully energy-passive manner. 

First, we will unveil how single crystal silicon have been modified by nanostructuration to become 
highly absorbing light at nearly 99.9% in a spectral range extending from the visible to the borders 
of mid-infrared, up to 25 µm wavelength, leading to the so-called Ultra-Black, Ultra-Broadband 
Silicon. A first application relates to nigh-time radiative cooling, since such highly absorbing 
surfaces are also highly emissive. Within this topic, we will present some preliminary results of 
water condensation experiments targeting to harvest dew water from atmospheric air, also 
aiming to secure water resources in a completely energy-passive manner. 

Further periodic structuration at the microscale of the above-described Ultra-Black Silicon led to 
a novel class of porous metasurfaces, called meta-foams, specifically designed for energy-efficient 
steam water generation, also targeting water purification – desalination, in an energy-passive 
manner, relying solely on solar energy. 

This talk will be concluded by prospective work planned with NTU in the frame of the CINTRA 
joint laboratory (CNRS, Thales, NTU) 
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Multi-objective Optimization, Modelling & development of High Frequency 
Transformers for DC-DC Stage in Solid State Transformer   

Sriram Vaisambhayana*, Anshuman Tripathi* 

* Energy Research Institute @ NTU, Nanyang Technological University, Singapore 

 
High frequency transformer (HFT) is the key component in bi-directional high-power DC-DC 
converter stage of the solid state transformer (SST), which will substitute the traditional bulky 
transformers for modern power system.  HFT design is a challenge consisting of comprehensive 
and complicated considerations. High operating frequency leads to the significant reduction in 
transformer’s size and weight but at the expenses of thermal challenges. Moreover, with higher 
frequency, the hysteresis losses and eddy current losses in the core are increased significantly. In 
addition, the skin and proximity effect are becoming more and more obvious that relates to higher 
copper losses. Therefore, an efficient, reliable and compact transformer design is highly required 
to minimize the size, maximize the efficiency and achieve better heat dissipation simultaneously. 
An optimization design methodology of HFT based on multi- objective genetic algorithm (MOGA) 
with emphasis on efficiency, power density and thermal behaviour is developed. Accurate 
analytical models on total loss, magnetic size and the maximum temperature rise are carefully 
discussed and formulated as respective cost functions during optimization. An equivalent thermal 
model is introduced and validated by finite element modelling (FEM) and computational fluid 
dynamics (CFD) simulation. Incorporating the proposed methodology, optimal design of a 6kW, 
50kHz, 600V/600V, HFT design has been derived, which exhibits a 99.6% efficiency and 12.24 
kW/L power density with maximum 54.5°C temperature rise. To verify the effectiveness and 
accuracy of the analytical expressions employed in the optimization methodology, experiments 
were performed on the constructed prototype and the analytical models have been well 
benchmarked with the laboratory results.  
 
Index Terms—high frequency transformer, optimization design, multi-objective genetic algorithm 
(MOGA), DC-DC converter. 
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Smart Hi-Voltage Cables for Offshore Energy - Multiphysics modeling & Structural 
Health Monitoring Innovative Concept / FLOW-CAM European Project  

Monssef Drissi-Habti* 

* COSYS Dept, Université G. Eiffel, France * 

 
Submarine power cables are expected to last 20 years without maintenance to be considered 
technologically reliable enough and economically beneficial. One of the main issues facing this 
target is the development of what is called commonly water-trees (nanometer-sized flaws filled 
with residual humidity), that form within XLPE insulators and then migrate towards copper, thus 
leading to its corrosion and further to possible shut-down. Current research is intended to come 
up with a way to go a little further towards the generalization of coalescence of n nanovoids, as 
follow-up of preceding research. It is worthwhile to note that assessing water-trees formation and 
propagation through an experimental campaign of ageing tests may extend over decades. It would 
therefore be an exceptional opportunity to be able to get insight into this mechanism through 
numerical modeling that needs a much shorter time, and this is the focus of the first part of the 
presentation.  
 
Hi-voltage cables must withstand harsh environmental conditions, handling, and shipping, at high 
seas which can cause copper wires to deform well above the limit of proportionality and 
consequently break. Copper, being an excellent electric conductor, has, however, very weak 
mechanical properties. If plasticity propagates inside copper not only will mechanical properties 
be affected, but electrical properties are also disrupted. Structural Health Monitoring (SHM) of 
such large-scale structures can be carried out by providing continuous strain using fiber-optic 
sensors (FOSs). The embedding of optical fibers within the cables (not within the phase) is 
practiced. Nevertheless, the technique involves FOSs to be first introduced into a cylinder of larger 
diameter than optical fiber before this same fiber is embedded within the insulator surrounding 
the phases. Thus, we can in no way give a precise idea of the true deformation of copper wires. In 
our research, a set of numerical simulations are carried-out on a single phase with the aim of 
conceptualizing the placement of FOSs that will monitor strain and temperature within the 
conductor, in-between the wires and within XPLE, as well. 
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Deep Reinforcement Learning and Its Applications for Future Wireless Networks  

Dusit Niyato* 

* School of Computer Science and Engineering, Nanyang Technological University (NTU), Singapore 

 
Modern networks, e.g., Internet of Things (IoT) and unmanned aerial vehicle (UAV) networks, 
become more decentralized and autonomous. In such networks, network entities need to make 
decisions locally to maximize the network performance under uncertainty of network 
environment. Reinforcement learning has been efficiently used to enable the network entities to 
obtain the optimal policy including, e.g., decisions or actions, given their states when the state and 
action spaces are small. However, in complex and largescale networks, the state and action spaces 
are usually large, and the reinforcement learning may not be able to find the optimal policy in a 
reasonable time. Therefore, deep reinforcement learning (DRL), a combination of reinforcement 
learning with deep learning, has been developed to overcome the shortcomings. In this talk, we 
aim to provide a fundamental background of DRL and then study recent advances in DRL to 
address practical challenges in wireless networks. In particular, we first give a tutorial of deep 
reinforcement learning from basic concepts to advanced models to motivate and provide 
fundamental knowledge for the audiences. We then provide a case study together with 
implementation details to help the audiences to have a good understanding of how to practice 
with DRL. After that, we review DRL approaches proposed to address emerging issues in 
communications and networking. Finally, we highlight important challenges, open issues, and 
future research directions of applying deep reinforcement learning 
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New Alternative Cooling-Power Supply Solutions and Strategies for Singapore:  
A) Cryo-Cogeneration Energy System; B) Sustainable Development Scenarios 

Fadhel Ayachi*, Lizhong Yang*, Jerry Chan*, Alessandro Romagnoli* 

* Nanyang Technological University (NTU), Singapore 
 

 
Over the past few years, the Thermal Energy Systems Lab @ NTU in Singapore has investigated 
the potential of alternative zero-emission cryo-system that provides efficient "green" power and 
cooling solution. The first part of this work is about the development of a novel zero-emission 
cryo-cogeneration system. The cryo-system is inspired by the concepts of Liquid Air Energy 
Storage (LAES) and uses the enthalpy difference between a low-boiling-point cryogen (e.g., liquid 
Air, liquid Nitrogen (LN2), liquid Hydrogen (LH2)) and the ambient / exhaust air from an end-
user heat source to generate power and cooling in customized turbines and heat exchangers at 
the same time. According to a techno-economic analysis made in the framework of an industrial 
partnership with one world energy actor, the LN2-based cryo-genset can emerge as the most cost-
effective solution compared to other green solutions assessed. This would offer a potential 
alternative to Diesel backup power generators, which would contribute to accelerate the 
transition towards a low-carbon economy. 
 
The second part of the work is about a cold-related energy demand analysis for Singapore. 
Electricity consumption for cold energy production reached 13.9 TWhe in 2018, an increase of 
51.6% within a 10-year period. Electricity demand for cold production is predicted to further 
increase up to 19.8 TWhe in 2040. Multiple scenarios involving equipment efficiency and building 
efficiency savings, electromobility and alternative cold supply suggested that GHG emissions 
related to cold energy production could be reduced by 15-26% in 2040. This corresponds to 89.4 
million tonnes CO2-eq between 2030 and 2040, equivalent to 20% of the cumulative reduction 
target inferred from the nationally determined contribution (NDC) pledged by Singapore. 
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