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S.No Program Runtime (s)

1. OPF solver (IPOPT) 0.25 

2. Proposed OPF (Base Case) 2.24

3. Pandapower OPF (Base Case) 2.72

4. Proposed SCOPF 14.5

Introduction
• Climate change is driving more frequent and severe extreme weather 

events, threatening grid reliability.
• Power systems are rapidly evolving with high penetration of RES and 

DERs.
• Renewable electricity generation now dominates the UK grid.
• Energy transition introduces operational uncertainty and variability.
• Distribution networks face growing risk of cascading failures.
• Existing tools have limited predictive and real-time decision-making 

capability.
• Improving grid resilience and preparedness is becoming essential

Methodology
• Developed scalable, modular, and object-oriented Python 

frameworks for efficient power system analysis.
• Frameworks developed for solving OPF, SCOPF and multi-period OPF 

problems.
• Integrated Explainable Artificial Intelligence (XAI) techniques to 

improve model transparency and enhance stakeholder trust in 
decision-making.

• Performed benchmarking and validation against established open-
source power system analysis tools to evaluate accuracy and 
performance.

Research Objectives
• Develop a machine learning–based prediction model to forecast 

extreme weather events using historical data. 
• Identify and predict cascading impacts on grid assets to support 

proactive decision-making.
• Design an optimisation strategy for DER deployment and operation 

under uncertainty.
• Enhance grid resilience and preparedness for both pre-disaster 

planning and real-time response.
• Develop a restoration framework leveraging DER integration for 

efficient post-disaster recovery.
• Ensure reliable, sustainable, and adaptive power system operation 

under climate-driven disruptions

Algorithm Developed

Results

A small 3 bus test system was used to analyse the impact of DER’s on 
the grid performance:
• DER output increases with system demand and supports peak 

load periods.
• DER integration improves voltage performance and reduces line 

losses.
• Peak shaving reduces stress on the upstream grid.
• CO₂ emissions reduced by approximately 93%.
• Renewable energy with storage achieved approximately 45% cost 

savings.
• Overall system resilience, efficiency, and sustainability were 

improved

Future Work
• Improve preparedness and faster recovery under extreme weather 

conditions.
• Reduce operational costs and carbon emissions through optimal 

DER utilisation.
• Provide actionable, explainable insights to support real-time DNO 

decision-making.

Figure 2 : Impact of Distributed Energy Resources on losses, 
voltages, and load over 24 hours.

Figure 1 : Preventive Corrective SCOPF Algorithm.

Table 1 : Runtime comparison of the developed OPF frameworks

Comparative analysis performed across different OPF approaches:
• Proposed OPF framework achieves results in 2.24s using IPOPT 

solver, demonstrating efficient performance.
• Pandapower requires 2.72s, slightly slower than proposed 

method.
• Proposed SCOPF has higher runtime (14.5s) due to added security 

constraints.
• Proposed framework balances computational efficiency and 

system performance.
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