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Project 11: High Performance Computing
Continued Project: previously “Quantum Computing”

Strategy: Which aspects of the Innovation Strategy are tackled with this project?

· Digital Solutions for the Energy System
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Related Projects: List any other related relevant projects that have been submitted for the innovation incentive:

· Quantum Computing (Innovation CREG Incentive 2023)

1. Project Overview

· Abstract: 
Elia Group faces increasing solve time and sub-optimal results on complex calculations using classical computing solvers and classical hardware accelerators such as CPU (Central Processing Unit) clusters. These challenges are particularly prevalent in System Operations, where complexity arises from factors such as increasing share of volatile renewable energy sources and their decentralization, real-time operations and grid management or aging grid infrastructure. Conventional computing architectures may no longer be sufficient to tackle the complexity and scale of the problems. New high performance computational concepts can help to overcome these limitations by offering increased computational power and specialized functionalities, such as parallel processing. High-performance computing (HPC) encompasses innovative approaches such as new types of processing units, reinforcement learning, algorithmic speed-ups and quantum computing.

Remark on transformation of the “Quantum Computing” from 2022 project into “High Performance Computing” in 2023:
The adoption of the HPC scope enables Elia Group to not only harness increased computational power but also take into account the different Technology Readiness Levels (TRLs) associated with the various concepts. For instance, quantum computing is a rapidly evolving field that is still in its early stages, while other concepts such as new processing units or reinforcement learning may have achieved higher TRLs. By encompassing a broader range of computational concepts within HPC, Elia can ensure that its technology exploration aligns with the practicality and progress of each concept. By incorporating various innovative computational concepts under the HPC umbrella, Elia can navigate the diverse landscape of technology development and identify opportunities for meaningful advancements based on the progress and maturity of each concept.
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Figure 1: Illustration of range of explorative computational concepts in relation to TRL

· Innovative Character of the project: Describe why the project is considered innovative

Quantum computing is characterized by its innovative approach to computation, utilizing principles from quantum mechanics to perform calculations. Quantum computing leverages quantum bits that can exist in multiple states simultaneously, known as superposition. This allows quantum computers to handle massive amounts of data and perform parallel computations, offering the potential for exponential speed-ups in solving certain problems compared to classical computers.

Reinforcement learning is an innovative approach to machine learning where an agent learns through interactions with an environment to maximize rewards. It differs from traditional supervised or unsupervised learning by focusing on the agent's decision-making process based on feedback received from the environment. Reinforcement learning has shown promising results in complex tasks and dynamic environments, allowing systems to adapt and improve performance through continuous learning and optimization.

Algorithmic speed-up refers to the development of techniques that optimize algorithms to achieve faster computation. Algorithmic speed-ups can significantly enhance computational efficiency and reduce solve times for complex problems, providing innovative solutions such as new ways to segment the original problem to address computational limitations.

New processing units encompass a range of innovative hardware accelerators, such as GPUs, FPGAs, and new chip design frameworks like RISC-V. These units are designed to perform specific computational tasks more efficiently than general-purpose processors, often leveraging parallel processing capabilities and specialized architectures. They offer increased computational power, improved energy efficiency, and tailored functionalities, enabling accelerated processing and optimization for specific applications and domains.

2. Expected impact on the Belgian consumer

Describe the impacts that your project will have on the Belgian consumer. These can be qualitative and preferably quantitative where possible. Allocate the expected impacts into 3 categories: 
· Affordability: These can be cost reduction, FTE reduction, cost avoidance, etc. 
By leveraging HPC technologies, the solve time for complex calculations can be significantly reduced. This leads to improved efficiency in grid operations, maintenance planning, and infrastructure projects.
In this project a wide range of power flow calculation use cases are subject to the investigations. These include grid development, outage planning, congestion management, capacity calculation, and real-time grid operations. The goal is to address the challenges of increasing solve time and sub-optimal results in complex calculations the use cases have in common. Having a closer look at just two examples of power flow calculations demonstrate the potential value in terms of affordability:

A) Value drivers from optimal outage planning: 
 I - Fewer unplanned outages
>> Increased computational speed >> increased complexity capacity >>Improved model optimality >> More maintenance per year >>Fewer unplanned outages >>Reduced societal costs
II - More cost-effective asset maintenance 
>> Increased computational speed >>increased complexity capacity >>Improved model optimality >> ‘Just in Time’ maintenance >> Cost-efficient site visits >> Reduced OPEX and emissions
III: Increased labour efficiency
>> Increased computational speed >>increased complexity capacity >>improved model optimality>> reduced manual checks and tasks >>more productivity and innovation and improved job retention.

B) Value drivers from congestion management: 
I - More accurate optimization results
Where value originates: Increased computational speed >> increased complexity capacity >> more scenarios to be included >> improved optimization calculation results
II - Enable real-time optimization process
Where value originates:  Increased computational speed >> gradually reduced optimization processing time >> more optimization processes can be carried in a day >> more agility to market dynamics
III - Inclusion topological optimization
Where value originates:  Increased computational speed >> increased complexity capacity >> increased variable size >> ability to include topological measures >> inclusion of topological optimization results.

· Sustainability: These can responsible consumption, integration of renewables, corporate sustainability, safety of workforce, etc. 
By enabling better management of renewable energy sources and grid infrastructure the integration of volatile renewable energy sources can be optimized. This leads to improved grid stability, reduced reliance on fossil fuels, and increased utilization of sustainable energy sources. Additionally, more optimal power flow calculations such as outage planning and congestion management contribute to the reliable and sustainable operation of the grid, ensuring a stable supply of electricity for consumers while minimizing environmental impacts.

· Security of Supply: These can be reducing the number of outages, larger network, increased access points to the network, improved balancing of supply & demand, etc.  
A) Reduced Outages: By improving solve time and optimizing complex calculations, HPC enables more efficient identification and mitigation of potential issues, reducing the occurrence and duration of outages. This enhances the reliability of the electricity supply for consumers, minimizing disruptions and ensuring uninterrupted access to power.

B) More optimal remedial actions: The reliance on operator experience for determining remedial actions may not always lead to the most optimal solutions, especially in complex scenarios with numerous options. Exploring HPC technologies can help overcome this limitation by leveraging advanced algorithms and computational power to recommend more efficient an These advancements contribute to the overall security of supply by ensuring more effective grid management, minimizing risks, and enhancing the resilience of the electricity infrastructure effective remedial actions based on comprehensive analysis and optimization techniques. 

3. State of the Art & Starting point Elia 

· Describe here the most recent stage in the development within this domain. This can refer to an academic paper or similar studies, technologies, ideas, or projects already implemented with peers or other industries.
At Elia, recent developments have showcased that quantum computing still holds promise for the future, but quantum-inspired algorithms fell short of surpassing classical optimization methods in system operation. However, this initial exploration in quantum computing paved the way for identifying possible research directions. The methodology used in the quantum proof of concept required a detailed examination of the original problem, leading to insights for further research in algorithmic speed-up. One potential approach is the segmentation of the problem, which shows great potential for achieving improved results. Furthermore, the quantum proof of concept only scratched the surface of the overall quantum computing ecosystem. By delving deeper into quantum computing exploration, Elia Group can gain additional insights into this disruptive technology and better prepare for its future impact.
· https://innovation.eliagroup.eu/en/projects/quantum-computing-in-system-operation
[bookmark: _Hlk148093296]In 2022 *Confidential* and industry partners addressed the challenge of increasing complexity in power flow calculation by investigating the potential of reinforcement learning. The results of this exploration provide a valuable starting point for Elia's investigation into this specific concept.
· *Confidential* 

· Describe how the project aligns with other (European) Initiatives such as TYNDP, REPowerEU, etc. 
· Aligned with the strategic vision of Elia (which is aligned with EU ambitions). 

· What are the main risks & uncertainties to deliver this project successfully? 
A) Technological uncertainty: HPC technologies such as quantum computing, algorithmic speed-up, and reinforcement learning are still evolving and may have uncertain outcomes. There is a risk that the expected benefits may not be fully realized or that the technologies may not mature as quickly as anticipated. Investments in research and development might not yield the desired results within the expected timeframe.

B) Complexity and integration challenges: HPC technologies often introduce complexities in terms of hardware, software, algorithms, and data management. Integrating these technologies into existing systems and workflows can be challenging and time-consuming. The risk of encountering compatibility issues or disruptions during the integration process should be carefully assessed.

· Where does Elia stand today? Where do we want to arrive? (link to Innovation Phase or TRL)
· See above. 

4. Hypotheses & Project Planning with Work Packages 

· Define the key hypotheses that need to be validated with this project

	N°
	Description hypothesis

	1
	By exploring and implementing various HPC technologies such as quantum computing, algorithmic speed-up, reinforcement learning and new types of hardware accelerators Elia aims to overcome the limitations of current computing methods, reduce solve time, and improve the accuracy and efficiency of complex calculations in grid operations. The hypothesis suggests that these HPC technologies have the potential to optimize power flow calculation, grid planning, congestion management, capacity calculation, and real-time grid operations.

	2
	Through systematic exploration and research, the project hypothesis expects to validate the potential benefits and feasibility of implementing HPC technologies in the specific use cases identified.



· Provide a roadmap with a description and timing of the work packages & key milestones
The project roadmap consists of four work packages, with work package 3 comprising three parallel streams focusing on different HPC technology concept explorations. To ensure efficient execution of these investigations, it is crucial to have a well-defined and prepared use case map. This use case map aligns power flow calculations, such as congestion management, with similar underlying challenges, like increasing complexity, suboptimal results, and time limitations, while also specifying the nature of each problem in terms of its mathematical formulation.
The purpose of this use case map is to identify areas where the technology solutions have a high potential to address the specific problem structures. It is important to note that not every problem structure will be suitable for every technology approach. Throughout the program, continuous streamlining of learnings will take place, with communication among all involved use case. This allows for the identification of potential problem-solution fits beyond the focused use case within each exploration track.
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WP 1: Project Initiation and Planning
Work Package 1 is focused on the initial setup and planning of the overall project. It lays the foundation for a successful execution of the HPC technology exploration program. The main objectives of this work package are to establish a clear project structure, define roles and responsibilities, and identify the core skills and competencies required for the project's implementation.
Tasks:
· T1.1 Align all stakeholders and define together the project scope, communication scheme and working methodology
· T1.2 conducting a resource assessment with focus on new competencies being required, such as computer science experts
· T 1.3 Establishing a framework for project documentation and reporting, including templates and guidelines for progress updates, status reports, and documentation of key decisions and outcomes.
Deliverables
· D1.1 project structure charter
· D1.2 resource and competency plan
· D1.3 stakeholder engagement plan

WP 2: Use Case Mapping and Selection
Work Package 2 focuses on the mapping, detailing and selection of use cases that will be explored during the HPC technology exploration program. The goal of this work package is to create a comprehensive use case map that encompasses the various power flow calculations and related challenges faced by Elia Group.

Tasks:
· T2.1 Use Case Mapping: Analyzing and categorizing the identified use cases based on their similarities in terms of underlying challenges, complexity, suboptimal results, and time limitations. This mapping helps in identifying common problem structures and potential areas of synergy.
· T 2.2 Technology Fit Assessment: Assessing the compatibility of each use case with the different HPC technology concepts, including reinforcement learning, GPU solvers, quantum computing, and algorithmic speed-up. Evaluating the strengths and weaknesses of each technology and its suitability for solving specific use case challenges.
· T 2.3 Prioritization and Selection: Prioritizing the use cases based on their potential impact, alignment with organizational objectives, and feasibility for exploration within the given timeline. Selecting a subset of use cases that will be the focus of the HPC technology exploration program.
· T 2.4 Use Case Preparation: Defining the specific scope, objectives, and success criteria for each selected use case. Gathering relevant data, defining key performance indicators (KPIs), and setting up the necessary infrastructure and tools for conducting the exploratory work.
Deliverables
· D 2.1 Use case questionnaire
· D 2.2 Use case map and technology fit assessment report

Pic 1: excerpt from Use Case Evaluation Questionnaire (*Confidential)*
WP 3: In-depth exploration HPC technology concepts
Work Package 3 focuses on the in-depth exploration of selected use cases using different HPC technology concepts. It consists of three parallel streams that represent distinct technology explorations, namely reinforcement learning & GPU solvers, quantum computing (phase 2) and algorithmic speed-up. The objective of this work package is to guide the use case journey, from problem formulation to solution evaluation, while leveraging the capabilities of each technology concept.


WP 3.1 Reinforcement Learning and GPU solver use case development and implementation
This track aims to investigate methods to drastically improve the speed of grid optimization by examining GPU-powered methods for optimization via reinforcement learning and for accelerated power flow calculation. 
Several applications of Reinforcement Learning (RL) for power grids have emerged in the research literature, such as Optimal Power Flow, Power Service Restoration, or Demand Response Programs. Since 2019, the Learning-to-Run-A-Power-Network (L2RPN) challenge has identified grid topology reconfiguration as a promising direction for Reinforcement Learning to help solve these issues. GPUs are commonly used in Deep Reinforcement Learning to accelerate the training of the policy either by batching the computation of neural network update or by parallelizing the simulated environment. 
Objectives of this track are to measure the potential benefits of RL for power grids and of hardware accelerators for RL-based grid management and for accelerated power flow computation. 
Tasks:
· T 3.1.1 Defining specific problem statements and objectives for the selected use case
· T 3.1.2 Gathering and preprocessing relevant data sets required for training and testing the reinforcement learning models 
· T 3.1.3 Explore and implement GPU-powered methods for accelerated power flow calculation.
· T 3.1.4 Evaluate the performance by measuring the improvements in optimization speed, decision-making quality, and overall grid performance
Deliverables:
· D 3.1.1 Demonstrator (MVP) 
· D 3.1.2 Preprocessed and curated data sets for training and testing
· D 3.1.3 Performance evaluation results and analysis
· D 3.1.4 Documentation of the developed models, algorithms, and architectures

WP 3.2 Quantum Computing Phase 2 - Deep Exploration and collaboration
This work package focuses on further exploring the potential of quantum computing in addressing the challenges and complexities of power grid optimization and management. Building upon the initial exploration in the previous phase, this phase delves deeper into the technology, algorithms, and applications of quantum computing, such as Quantum Annealing on D’Wave hardware (>5000 special purpose Qubits), QAOA and Grover’s algorithm on larger NISQ hardware (e.g. IBM), or reformulation of the already tested optimization problem (Congestion Management) as a (Quantum) Machine Learning problem.
Tasks: 
· T 3.2.1 Conduct an in-depth analysis of the current landscape of quantum computing, including advancements in hardware, software, and algorithms
· T 3.2.2 Evaluate existing quantum algorithms and assess their applicability to the identified use cases. Adapt and modify these algorithms, as needed, to address the specific requirements and constraints of power grid optimization.
· T 3.2.3 Identify potential with consortia or academic collaborations to exchange knowledge, share resources, and enhance the project's outcomes
· T 3.2.4 Design and conduct quantum computing experiments leveraging existing ecosystems and building upon the initial exploration as well as the code developed


Deliverables
· D 3.2.1 Quantum computing landscape analysis report
· D 3.2.2 Quantum Ecosystem landscape
· D 3.2.3 Adapted quantum algorithms / source codes 

WP 3.3: Algorithmic Speed-up Problem Segmentation - Empirical Study
This work package focuses on investigating algorithmic speed-up techniques and problem segmentation approaches to improve the efficiency and performance of power grid optimization algorithms. The goal is to identify and implement strategies that can reduce computational time and enable the exploration of a broader range of scenarios.
Tasks:
· T 3.3.1 Segmentation Methodology Development (timely and geographically)
· T 3.3.2 performance using representative power grid optimization scenarios and evaluate the computational time reduction achieved
· T 3.3.3 Evaluating the impact of problem segmentation on computational time, solution optimality, and scalability
Deliverables:
· D 3.3.1 Segmentation Methodology Framework
· D 3.3.2 Performance Evaluation Report
· D 3.3.3 Technical Documentation

WP 4: Documentation, Cross-Use Case Evaluation, and Knowledge Transfer
Work Package 4 focuses on facilitating cross-use case evaluation and ensuring effective knowledge transfer throughout the project. This work package plays a crucial role in consolidating the project's outcomes, sharing insights, and enabling the transfer of knowledge to relevant stakeholders. This work package also aims at validating the overall project hypothesis and assessing the feasibility of implementing HPC technologies in the specific use cases identified by Elia. 
Tasks:
· T 4.1 conducting an evaluation of the outcomes and lessons learned from each use case exploration. The aim is to identify common patterns, challenges, and success factors across different use cases and determine the applicability of the explored HPC technologies in a broader context.
· T 4.2 validating the overall project hypothesis and assessing the feasibility of implementing HPC technologies in the specific use cases identified by Elia
· T 4.3 developing a knowledge transfer strategy to effectively share the project's insights, methodologies, and outcomes with relevant stakeholders; workshops, seminars, and training sessions to disseminate knowledge and promote the adoption of HPC technologies in grid operations
Deliverables: 
· D 4.1 Cross-Use Case Evaluation Report:
· D 4.2 Presentation materials, guidelines, and resources for disseminating project knowledge
· D 4.3 Publication of an article regarding the lessons learnt of the project on Elia’s Group Innovation website  


5. Deliverables 

Please complete the table below with an explanation and add project specific deliverables. 
	Deliverables
	Reporting
	Communication
	Implementation
	Expected Timing

	Work Package 1: Project Initiation and Planning

	D1.1 project structure charter
	x
	
	
	Q4 2023

	D1.2 resource and competency plan
	x
	
	
	Q4 2023

	D1.3 stakeholder engagement plan
	x
	x
	
	Q4 2023

	Work Package 2: Use Case Mapping and Selection

	D2.1 Use case questionnaire
	x
	x
	
	Q4 2023

	D2.2 Use case map and technology fit assessment report
	x
	x
	
	Q4 2023

	Work Package 3.1: Reinforcement Learning and GPU solver use case development and implementation

	D 3.1.1 Demonstrator (MVP) 
	
	
	x
	Q1 2024

	D 3.1.2 Preprocessed and curated data sets for training and testing
	
	
	x
	Q3 2024

	D 3.1.3 Performance evaluation results and analysis
	x
	
	x
	Q1 2025

	D 3.1.4 Documentation of the developed models, algorithms, and architectures
	x
	x
	x
	Q1 2025

	Work Package 3.2: Quantum Computing Phase 2 - Deep Exploration and collaboration

	D 3.2.1 Quantum computing landscape analysis report
	x
	
	
	Q2 2024

	D 3.2.2 Quantum Ecosystem landscape
	x
	
	
	Q2 2024

	D 3.2.3 Adapted quantum algorithms / source codes 
	
	
	x
	Q3 2025

	Work Package 3.3: Algorithmic Speed-up Problem Segmentation - Empirical Study

	D 3.3.1 Segmentation Methodology Framework
	
	
	x
	Q1 2024

	D 3.3.2 Performance Evaluation Report
	
	x
	x
	Q1 2024

	D 3.3.3 Technical Documentation
	x
	
	
	Q2 2024

	Work Package 4: Documentation, Cross-Use Case Evaluation, and Knowledge Transfer

	D 4.1 Cross-Use Case Evaluation Report
	x
	
	
	Q3 2025

	D 4.2 Presentation materials, guidelines, and resources for disseminating project knowledge
	
	X
	
	Q4 2025

	D 4.3 Publication of an article regarding the lessons learnt of the project on Elia’s Group Innovation website 
	
	x
	
	Q4 2025



6. Budget

*Confidential
7. Partners

List (with bullet points) the partners that are involved in the project. These can be Universities, other TSOs, DSO’s, public companies, private companies, governmental agencies, etc.  
*Confidential*




8. Allocated Incentive (to be completed by the CREG)

The allocated Innovation incentive for this project is … € or … % of this year’s Innovation project portfolio.




image1.png
Stabilty of the Integrate new Planning and Automation of
power system types of system Forecasting  system operations
components
Standardisation Build and maintain
of grid components  new type of assets
g pOf o andling Coll;llpllxlfy R
Digitaltwins, extended _ Building the grid of f renewables.
30 and data modeling  following Sustainable PO ° .l"'/ busiass  comeciiy  memel  coooc:
of now assels pracices SO % odet ind couping
Sy models a n
&o\a b“e % %, cybersecurity
<& ’oq‘
Lietme  Remote and . >
extension real-time & Digital solutions for the. %
oxsting  monitoring and energy system s,
assets inspection &
>
Predicting f o
equipment 2.8
behavior 55 2
&
=5

Planning and

assels.

assels
—
Offshore
inspection,

Developing
interconnections
maintenance, " gng offshore
safety and ‘martkals.
security

Operating
building offshore  offshore:




image2.png
HPC INNOVATION ACTIVITIES

accg

TECHNOLOGY
READINESS HIGH @

TECHNOLOGY
READINESS LOW





image3.png
WORKPACKAGE

wp1

wp2

wp3.1

wp32

wp33

wpa

'SHORT TASK DESCRIPTION

Project Initiation and Planning

Use case mapping and selection

Reinforcement Learning and GPU solver use case
development and implementation

Quantum Computing Phase 2 - Deep Exploration and
collaboration

Algo
study

\mic speed-up problem segmentation - empirical

Documentation, cross-use case evaluation, and
Kknowledge transfer





image4.png
"

| Elia Group




