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NEW PROJECT

Trends: Digital revolution, supranational coordination, decarbonization, decentralized generation and new players
Consequences: Uncertainty of generation, new decentralized flexibility means, interface with new players, digital tools & data use
Challenge: 6. Maximize efficiency in our operations via digital solutions and embed digital technologies and skills in our organization
Domain: 6.1. Embed digital capabilities and training

Project-specific context

Elia Group faces increasing solve time and sub-optimal results on complex calculations due to problem size and increasing complexity using classical computing solvers. These problems occur typically in System Operations where complexity stems from:
· the increasing proportion of multi-party trans-regional power trading
· compliance burden brought on by regulation and operational constraints
· the intermittent nature of renewable energy sources increasing the need for short-term re-planning, 
· the prevalence of aging grid infrastructure/assets 
· recurrent extreme weather across Belgium 
· increasingly demanding permit requirements 
· site-specific conditions (e.g., barricade requirements). 

Quantum technologies, typically hybrid-quantum or quantum simulators (classical algorithms that simulate the behaviors of full-quantum computers) could help solve the problem by providing assurance that solutions are optimal or near optimal and by reducing solve time. They offer quadratic or exponential speed-up in processing complex computations. Quantum technologies can address different categories of problems, where optimization problems are the most mature. Finding the optimal variable combination, given a set of constraints and optimization criteria, from a virtually infinite number of combinations are considered as key features of a quantum-applicable problem.

A first study on quantum potential already indicated first use cases and complex optimization problems being suitable for hybrid-quantum technologies. Two complex optimization problems in System Operation were already identified, with a potential of bringing more value in the future.
a. Optimal outage planning (linked to project 3 - Synapse) where Elia must create optimal grid outage schedules (a multi-constraint optimization problem) which satisfy to outage objectives (e.g. max # of interventions, min # of outages) whilst fulfilling many constraints. At present it is impossible to validate the optimality of a single plan amongst the enormous spectrum of possible configurations using classical computing solvers.
b. Congestion Management where the goal is to define the optimal preventive redispatching actions and curtailment required to avoid overloads and ensure an adequate grid operation. Elia must identify the most efficient way of continuously balancing grid capacity on the back of complex market movements and operational constraints. At present, due to the time constraints and the calculation capabilities, simplifications such as clustering are required and grid topology changes cannot be included in the optimization. 

The characteristics of the underlying optimization problems lend themselves well to the advantages conferred by a hybrid quantum/quantum approach – whether these can be realized or not depend on the algorithmic implementation.

It is highly relevant to exploit the principles of quantum physics (superposition, entanglement, coherence) to meaningfully reduce solve time on complex problems and to bolster Elia’s understanding of where quantum technologies might drive benefits throughout the business. A clear additional benefit is the hedging of the risks of current data encryption protocols being vulnerable to future quantum computers in a rapidly evolving technology landscape. 


Project-specific state-of-the-art/literature review
Paper 1: A simulated modelling study showed that a real-time (15 min intervals) congestion optimization process can reduce congestion load by 10% to 20%, thus averagely 15%.
· A. Meisam, Real-time congestion management in modern distribution systems (2021), Southern Illinois University Carbondale, PhD Dissertation.
Paper 2:  Demonstration that this hybrid approach can find the global optimum on DWave quantum computing platform. A further test was carried out on Unit Commitment optimization application in the congestion management territory.
· C. Chang, et al, 2022, On Hybrid Quantum and Classical Computing Algorithms for Mixed-Integer Programming, arXiv: 2010.07852.
Paper 3: A quantum-inspired algorithm was able to process up to one million variables for combinatorial optimization problems at seconds time scale, with improved accuracy compared to classic simulation algorithms. 
· H. Goto, et al, 2021, High-performance combinatorial optimization based on classical mechanics, Science Advances, 7(6).
Paper 4: Academic paper discussing the potential of quantum computing to improve analytical and computing capabilities in solving power grid problems, especially as the power grid evolves rapidly to embrace new technology and adapt to climate change.
· R. Eskandarpour, K. J. B. Ghosh, A.Khodaei , A. Paaso , and L. Zhang, 2020, ‘‘Quantum enhanced grid of the future: A primer,’’ IEEE Access, vol. 8, pp. 188993 189002.


Expected impact for Belgium
The following value drivers map out relationships between quantum improvements and operational and societal drivers per use case. 

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.

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.

Starting point for Elia
During a 4 months study to pre-examine general quantum suitability, Elia has acquired very good basic knowledge about quantum technologies, their potentials and limitations as well as suitability on different use cases. An analysis on the vendor landscape has been performed and the most promising technology approach for a proof of concept has been identified. 

When referring to quantum vendors it must be distinguished between providers of quantum hardware with very different levels of maturity and practical application. There is quantum hardware that unlocks substantial value today (like digital annealing) while the development of true quantum is not yet applicable but accelerating (like super conductors). To understand Elia’s chosen technological approach and systematic strategy to explore quantum opportunities described in the work packages below, the following graphic provides clarifying insights. The variety of hardware providers and the associated different maturity levels become clear. 



The study recommended to progress on to a proof of concept phase aiming at assessing diverse quantum software and hardware through one of the platform providers. Therefore, logical next step is the practical testing and proving of feasibility of quantum application and translation of the today’s optimization problem into quantum model using a volatile quantum technological landscape. With this we aim to understand limits, constraints and real gains of providers spanning across all levels of technological readiness. Confidential 
In the long-run, we aim to explore whether hybrid quantum, simulated annealing and/or true quantum will allow the optimization algorithm to run faster, better cover the potential results leading to a more optimal result and increase confidence that derived solutions are optimal or near optimal. 

Uncertainties & risks 
It is well known that the current state of full-gate (“true”) quantum technologies is characterized by a high degree of uncertainty and therefore the application examples are often only studied theoretically. In the future it could enable exponential speed up & improvement opportunities for general purpose. More specifically, true quantum will require a cryogenic environment and the turning points for adoption exist where error rates can be limited as the number of qubits available increase. Though, some specific purpose-based software algorithms & hardware techniques try to bridge the existing gap between the theoretical advances and true quantum already today. 
Still there is a risk that the maturity of the technology is still too low to unlock value already today. There is a slight risk that the effort required to cast the optimization problem into QUBO will outweigh expected benefits.


Project description (planning, work packages, deliverables, milestones)

WP 1: We will test the technical viability in 2022 and 2023 of improving the computation speed of System Operation processes via quantum solver (hosted on the Microsoft Azure Quantum platform) by comparing the performance of the current solver with the quantum solver through two proof of concepts to the greatest extent possible. It is mandatory to conduct minimum two proof of concepts as both use cases represent different variable type and problem size fit. The deliverables will include detail on the problem space, modelling approach, scaling behavior & results analysis.

Use cases to be tested in the first iteration:
a) Congestion Management
b) Optimal outage planning

Each milestone per proof of concept follows a 4-step approach:
1. Define objectives
2. Problem framing 
3. Testing iteration
4. Results analysis
WP 2: We plan to gain a robust understanding of which use case should be advanced to a Proof of Concept by conducting the use case deep dive process on 1-3 other use cases that have been identified already. This may also aim to identify unexplored use cases within Elia Group. At this stage it is also planned to conduct deeper and broader stakeholder engagement on quantum topics within key teams across the group in order to increase organisational readiness for quantum applications. 

WP 3: If the PoCs demonstrate technical feasibility, we plan to design and launch a dedicated Quantum Lab within Elia Group in order to further explore, quantify, and build upon the value potential that quantum holds over medium to long term time horizons. This includes Identification of high level scope from the Quantum Lab, definition of more granular objectives with clear deliverables and monitoring KPIs as well as internal and external ecosystem build and continuation of upskilling of internal experts.
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