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EoCoE
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The Energy oriented CoE (EoCoE) is one of the 10 centres of 

excellence in computing applications recently established within 

the Horizon 2020 programme of the European Commission. The 

primary objective of all the Centres of Excellence is to help 

strengthen Europe’s leadership in HPC applications by 

tackling challenges in topical areas such as renewable 

energy, materials modelling and design, molecular and 

atomic modelling, climate change, global systems Science, 

bio-molecular research, and tools to improve HPC 

applications performance.

• EOCOE-II (2nd phase): 3 years project : 1 January 2019 – 31 December 2021

• Coordinator : Prof. E. Audit (Maison de la Simulation, CEA, Saclay)

• Budget : 8 303 454,75€

• 7 countries,18 partners



EU HPC Ecosystem
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The keyword is: 

user driven



EoCoE objectives
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Objective 1 : Enable transformational Energy Science breakthroughs in 5 key low-carbon 

sectors: Wind, Meteorology, Materials, Water and Fusion, by re-designing and promoting 

flagship exascale application codes from these user communities

Objective 2 : Design and develop cutting-edge computational methods and production-ready 

HPC software to bring the scientific numerical tools supported in EoCoE-II to exascale

computing levels and manage the data generated.

Objective 3 : Promote high-end exascale tools, a co-design software development approach 

and the use of  numerical tools to laboratories, Industrials and SMEs, including training 

activities for reducing the skills gap.

Objective 4 : Build a sustainable European infrastructure to coordinate the deployment of 

HPC for energy, fostering initiatives in the Energy-HPC-oriented scientific and industrial 

communities’ ecosystem to derive sustainable benefits from the use of numerical tools.



EoCoE structure
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Transversal multidisciplinary effort providing high-end expertise in 

applied mathematics and HPC.
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Materials for Energy Scientific Challenge

• Scientific Payload

▪ Simulating advanced physics in high-efficiency solar cell devices;

▪ Extending simulation of organic photovoltaic cells to systems of 1000+ atoms to 

understand degradation and find materials and architectures that improve stability;

▪ Develop new electricity production concepts aiming at exploiting salinity (blue energy) 

or temperature (thermo- electrochemical cells) gradients.

• Exascale Ambition

▪ Flagship code: KMC/DMC, neXGf

▪ Advanced multi-scale material design for photovoltaics, batteries and super-

capacitors at the atomistic scales.

• Impact

➢ increase in performance and extension of lifetime of organic and silicon solar cells;

➢ prove the best electrode/electrolyte combination which optimizes the electricity 

production in electrochemical systems.  



Materials for Energy Scientific Challenge: 

Tasks
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➢ Optimizing silicon solar cells

❑ Simulating at atomistic resolution amorphous-crystalline 

heterointerfaces in the photovoltaic devices

➢ Harvesting electricity from salinity and temperature gradient

❑ Finding the best electrode/electrolyte combination which 

optimizes the electricity production in electrochemical systems

➢ Optimizing Organic and Perovskite solar cells

❑ Extending device models to systems of 1000+ atoms to 

understand degradation and find materials and architectures 

that improve stability



Hetero-Interfaces in PV Devices (Julich, ENEA, 

CIEMAT, CNR) 

• Ab initio models of atomic configurations of hetero-

interfaces in Si-based PV

• We will bring the medium size structures modeled in 

EOCOE-I close to the computational limit to approach the 

experimental situation

• Density functional theory calculations are used to 

parameterize the effective Hamiltonian in NEGF code

• NEGF code (neXgf) based on the libNEGF library solves 

the steady-state non-equilibrium Green’s function-Poisson 

equations to simulate interactions of electrons, photons and 

phonons for the simulation of photocarrier dynamics in 

optoelectronic devices.

c-Si c-Sia-Si:H

Crystalline Silicon (c-Si)

Hydrogenated Amorphous Silicon (a-Si:H)

c-Si a-Si H
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Materials for Electrochemistry (CEA, MdS) 
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QMCPACK CP2K (DFT) METALWALLS Energies/charges Force-fitting of

to guide choice

of the functional

the parameters
Few structures

~ 100 atoms
Many structures

~ 1000 atoms

Many structures

~ 100000 atoms

Study of two types of devices:

• Nanoporous carbons for blue energy capacitors

• Thermo-electrochemical cells

Both are based on the adsorption of ionic species on carbon electrodes

Challenge: to obtain good 

force fields for the molecular

simulations
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Organic and perovskite solar cells (Universy of 

Bath)
• Perovskite PV Understand the 

fundamental processes underlying complex 

charge carrier dynamics in PSCs. 

University of Bath is developing a Monte 

Carlo code (DMC) to solve the semi-

classical Boltzmann equation for charge 

carriers in semi-conductor devices.

• Doped OSC High performance KMC code 

can model large systems (~20,000 charges 

/ 100's nm) and examine dynamics around 

and between dopants
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EoCoE has
• unique, diverse mix of renewable energy modelling expertise

• HPC experts from 3 PRACE centres trained in cutting-edge supercomputing hardware

• flexible, inclusive approach to HPC-enabling: pathway from basic algorithm design to 

exascale readiness

Thanks for your attention
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More information: 

❑ Visit website: www.eocoe.eu

❑ Linkedin page: www.linkedin.com/company/hpc-energy/

❑ Youtube EoCoE channel 
This project has received funding from 

the European Union’s Horizon 2020 

research and innovation programme

under grant agreement No 824158 

(EoCoEII)

http://www.eocoe.eu/
http://www.linkedin.com/company/hpc-energy/

