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Abstract: The global energy landscape is undergoing a 

transformative shift driven by the dual imperatives of digitalization 

and decarbonization, essential for creating sustainable and 

resilient power systems (Lichtenthaler, 2021, [1]). This 

transformation is particularly critical for developing nations like 

Sri Lanka, where the integration of innovative technologies and 

renewable energy sources can significantly enhance system 

efficiency and contribute to a robust response to climate change 

challenges (Lichtenthaler, 2021, [1]). This paper examines the 

potential of leveraging advanced digital technologies—such as 

artificial intelligence, big data analytics, and the Internet of 

Things—to optimize energy management and facilitate a swift 

transition toward a low-emission economy in Sri Lanka, while 

addressing the socio-economic implications of this transition. 

Furthermore, this study highlights the importance of fostering a 

circular economy through these technological advancements, 

emphasizing that innovative solutions can not only improve energy 

efficiency but also contribute to broader sustainability goals, 

ensuring equitable access to resources and combating the adverse 

effects of climate change. Through this lens, the investigation 

underscores the necessity for a comprehensive approach that 

integrates digital transformation with sustainable practices, 

thereby enabling the decoupling of economic activity from 

resource depletion and environmental degradation, and fostering 

a resilient energy future for Sri Lanka. 
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I. INTRODUCTION

This article aims to examine how integrating digital

technologies and renewable energy sources can transform Sri 

Lanka's electric power system into a resilient, efficient, and 

sustainable model. By leveraging the principles of 

polycentric governance and sustainable management 

frameworks, this study aims to highlight the benefits of 

digitalisation and decarbonization, address the challenges 

faced during the transition, and propose actionable strategies 

to achieve a carbon-neutral future. This involves exploring 

the roles of smart grids, distributed energy resources, 

advanced control systems, and policy frameworks in driving 

this transformation, ultimately contributing to the nation’s 

sustainability goals and economic growth. 
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Figure 1: Future Power Systems 

II. IMPORTANCE AND UNIQUENESS

The evolution of the energy industry has led to various 

schools of thought regarding the future of electric energy 

systems. Some advocate for large, clean nuclear plants and 

robust grids, while others favour hybrid systems with 

distributed energy resources (DERs) and active user 

engagement. Another viewpoint suggests self-sufficient, 

decentralized microgrids. It is not prudent to take a singular 

position; instead, we emphasise the scientific principles 

necessary to integrate diverse stakeholders into a well-

functioning, dynamic system. This approach enables the 

integration of advanced technologies and the coordinated 

management of variable renewable energy sources (Sinsel et 

al., 2020 [2]), addressing key challenges such as ageing 

infrastructure, reliability issues, and the need for increased 

access to clean energy. The integration of specific digital 

technologies, such as smart grids, advanced metering 

infrastructure, grid-scale energy storage, and data analytics, 

holds immense potential for transforming Sri Lanka's power 

system. By embracing these technologies, Sri Lanka can 

address its pressing energy challenges, including ageing 

infrastructure, reliability issues, and the need for increased 

access to clean energy. Smart grids, for instance, can optimize 

energy distribution, integrate renewable energy sources 

seamlessly, and improve the overall reliability of the grid 

(Amin & Wollenberg, 2005, [3]). Furthermore, advanced 

metering infrastructure empowers consumers with real-time 

data on their energy consumption, enabling them to make 

informed decisions and actively participate in demand-side 

management programs. Moreover, grid-scale energy storage 

solutions, such as battery systems and pumped hydro, can 

effectively balance the intermittency of renewable energy 

sources, ensuring a stable and reliable power supply. 
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A. Theoretical Framework and Sustainability Principles 

Elinor Ostrom’s principles of polycentric governance and 

local adaptation (Ostrom, E.,2010, [4]), are crucial for 

designing resilient and adaptive energy systems. Her work on 

sustainable management of social-ecological systems (SES) 

provides a foundational framework for understanding how 

complex systems can be managed sustainably. These 

principles have been applied across various fields, including 

water management and forestry, and now offer valuable 

insights for energy systems. Ostrom's concepts suggest that 

sustainable energy systems should be managed through 

decentralized, interactive governance structures, aligning 

resource management with user needs and ecological 

constraints. 

 

Figure 2: Elinor Ostrom’s Principles of Polycentric 

Governance and Local Adaptation 

B. Digitalization in Electric Power Systems 

Digitalisation, which involves integrating advanced 

technologies into Sri Lanka's power grid, is crucial for 

enhancing monitoring, control, and communication 

capabilities. This transformation towards a more intelligent 

grid relies on several key components: 

i. Smart Meters for Energy Efficiency 

Deploying smart meters across Sri Lanka can empower 

consumers with real-time data on their energy usage. This 

enables better management of consumption, facilitates 

demand-side response programs, and contributes to 

improvements in energy efficiency. Smart meters offer 

detailed insights into energy usage patterns, allowing 

consumers to make informed decisions that reduce their 

energy consumption and associated costs. 

ii. Advanced Sensor Networks for Grid Reliability 

Integrating advanced sensor networks across Sri Lanka's 

grid infrastructure can provide real-time data on grid 

performance. This data is crucial for identifying potential 

faults, enabling predictive maintenance, and minimizing 

outages. By enhancing the reliability of Sri Lanka's electricity 

supply, these sensor networks play a vital role in maintaining 

a stable and efficient power system. 

iii. Real-Time Data Analytics for Informed Decision-Making 

Leveraging real-time data analytics is crucial for unlocking 

the full potential of a digitalised grid. By analysing data from 

smart meters and sensors, Sri Lanka can optimise energy 

distribution, predict and prevent outages, and make informed 

decisions regarding the integration of renewable energy. 

Real-time analytics enable dynamic adjustments to power 

flows, enhancing overall grid efficiency and reliability. 

iv. IoT and Big Data for a Smarter Grid 

The Internet of Things (IoT) and big data are fundamental 

to transforming Sri Lanka's traditional power grid into a smart 

grid. Connecting various grid components through IoT and 

analyzing the resulting data can lead to more efficient grid 

management, improved reliability, and better integration of 

renewable energy sources. IoT devices enable seamless 

communication between grid elements, while big data 

analytics provide insights for proactive grid management and 

decision-making (Fang et al., 2012, [5]). 

C. Decarburization Strategies 

Decarbonization aims to reduce carbon dioxide emissions 

by adopting low-carbon and renewable energy sources. 

Integrating renewable energy sources such as wind, solar, and 

biomass into the power grid can significantly reduce 

greenhouse gas emissions. Policy frameworks that support 

renewable energy deployment and grid integration are 

essential for successful Decarbonisation (IRENA, 2019, [6]) 

 

Figure 3: Digitalization of the Energy Systems 

D. Hybrid Systems and Distributed Energy Resources 

(DERs) 

Hybrid systems that combine centralised and distributed 

energy resources are emerging as a sustainable solution. 

DERs encompass small-scale renewable energy installations, 

energy storage systems, and active consumer participation in 

demand response programs. These systems offer flexibility 

and resilience, enabling the grid to adapt to variable 

renewable energy supply and changing demand patterns 

(Parhizi et al., 2015, [7]). 

 

Figure 4: Emerging Distribution Systems- High DER 

Penetration 
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III. MICROGRIDS AND DECENTRALIZATION 

Microgrids, which enable localised generation and 

consumption of electricity, enhance grid resilience by 

reducing dependence on centralised infrastructure. They can 

operate independently during grid outages, making them a 

valuable component of a sustainable energy system. The 

technical, economic, and regulatory challenges of integrating 

microgrids into the broader power system are well-

documented and critical to address (Lasseter, 2002, [8]) 

 

Figure 5: Distribution Automation, a New Effort 

A. The Role of Advanced Control Systems 

Advanced control systems are crucial for managing the 

complexity of modern power grids. These systems utilise 

machine learning algorithms and predictive analytics to 

optimise grid operations and maintain stability. Adaptive 

control techniques enable real-time adjustments to power 

flows, enhancing the efficiency and reliability of the grid 

(Huang et al., 2019, [9]). 

 

Figure 6: IEEE 14- bus Test Systems 

B. Case Studies and Applications 

Several case studies illustrate the successful 

implementation of digitalization and Decarbonisation 

strategies. For instance, the European Union's efforts to create 

an integrated energy market have resulted in significant 

advancements in renewable energy integration and grid 

management (European Commission, 2018). Similarly, the 

adoption of innovative grid technologies in the United States 

has led to improved grid reliability and efficiency (DOE, 

2015, [10]). 

C. Advantages in the Sri Lankan Context 

Digitalisation and decarbonization present numerous 

economic, environmental, social, and technological benefits 

for Sri Lanka's power system. Economically, integrating 

renewable energy sources such as solar and wind, which are 

abundant in Sri Lanka, can significantly reduce reliance on 

expensive fossil fuel imports, leading to substantial long-term 

cost savings. Increased energy independence is another 

critical benefit, as generating more electricity domestically 

from renewable sources reduces the country's dependence on 

volatile global energy markets, enhancing national energy 

security. Furthermore, the transition to a digitalised and 

decarbonised power sector will create new job opportunities 

in renewable energy, technology development, and grid 

modernisation, thereby contributing to economic growth. 

Additionally, a commitment to a sustainable and modern 

power system can attract foreign investment in renewable 

energy projects and technology partnerships, further 

bolstering the economy. Environmentally, shifting away from 

fossil fuels towards renewable energy sources will 

significantly reduce greenhouse gas emissions, helping Sri 

Lanka achieve its climate goals and mitigate the impact of 

climate change. Improved air quality is another significant 

environmental benefit, as a decrease in reliance on fossil fuel-

based power plants will reduce air pollution, thereby 

benefiting public health and decreasing the incidence of 

respiratory illnesses. Moreover, transitioning to a more 

sustainable power system will help preserve natural resources 

by reducing the environmental impact associated with the 

extraction and transportation of fossil fuels. Socially, a 

diversified energy mix with a higher share of renewables 

enhances energy security by reducing reliance on a single 

energy source. This diversification ensures a more stable and 

reliable energy supply. Additionally, decentralised renewable 

energy systems, enabled by digitalisation, can expand 

electricity access to rural and underserved communities, 

thereby improving energy equity and fostering social 

development. As renewable energy costs continue to decline, 

a decarbonized power system will contribute to more 

affordable electricity prices for consumers, making energy 

more accessible and reducing the financial burden on 

households. 
IV. CONCLUSION 

By leveraging advanced technologies and adopting 

sustainable management principles, Sri Lanka can create a 

resilient, efficient, and environmentally friendly energy 

system. There are tools to conceptualize, model, and control 

these complex systems, enabling a sustainable future for Sri 

Lanka's electric power system. The integration of 

digitalisation and Decarbonization strategies, supported by a 

unified approach to modelling and control, is essential for 

achieving these goals. Future research and development 

efforts should continue to explore innovative techniques to 

overcome existing challenges and achieve sustainability 

targets. 

DECLARATION STATEMENT 

After aggregating input from all authors, I must verify the 

accuracy of the following information as the article's author. 

 

 

http://doi.org/10.35940/ijies.K9972.11090924
http://www.ijies.org/


 
Digitalization and Decarbonisation of Sri Lanka's Electric Power System: A Way Forward for Sustainability 

                                       4 

Published By: 
Blue Eyes Intelligence Engineering 

and Sciences Publication (BEIESP) 

© Copyright: All rights reserved. 

Retrieval Number: 100.1/ijies.K997213111024 
DOI: 10.35940/ijies.K9972.11090924 

Journal Website: www.ijies.org   

▪ Conflicts of Interest/Competing Interests: Based on my 

understanding, this article does not have any conflicts of 

interest. 

▪ Funding Support: This article has not been sponsored or 

funded by any organization or agency. The independence 

of this research is a crucial factor in affirming its 

impartiality, as it was conducted without any external 

influence. 

▪ Ethical Approval and Consent to Participate: The data 

provided in this article is exempt from the requirement for 

ethical approval or participant consent. 

▪ Data Access Statement and Material Availability: The 

adequate resources of this article are publicly accessible. 

▪ Author's Contributions: The authorship of this article is 

contributed solely. 

REFERENCES 

1. Lichtenthaler, U., 2021. Digitability: The combined effects of the 
megatrends of digitalisation and sustainability. Journal of Innovation 

Management, 9(2), pp.64-80. https://doi.org/10.24840/2183-

0606_009.002_0006  
2. Sinsel, S.R., Riemke, R.L. and Hoffmann, V.H., 2020. Challenges and 

Solution Technologies for Integrating Variable Renewable Energy 

Sources: A Review. Renewable Energy, 145, pp. 2271-2285. 
https://doi.org/10.1016/j.renene.2019.06.147  

3. Amin, S. M., & Wollenberg, B. F. (2005). Toward a smart grid: power 

delivery for the 21st century. IEEE Power and Energy Magazine, 3(5), 
34-41. https://doi.org/10.1109/MPAE.2005.1507024  

4. Ostrom, E. (2010). Beyond markets and states: polycentric governance 

of complex economic systems. American Economic Review, 100(3), 
641-672. https://doi.org/10.1257/aer.100.3.641  

5. Fang, X., Misra, S., Xue, G., & Yang, D. (2012). Smart grid—the new 

and improved power grid: a survey. IEEE Communications Surveys & 

Tutorials, 14(4), 944-980. 
https://doi.org/10.1109/SURV.2011.101911.00087  

6. IRENA. (2019). Global Energy Transformation: A Roadmap to 2050. 
International Renewable Energy Agency. 

7. Parhizi, S., Lotfi, H., Khodaei, A., & Bahramirad, S. (2015). State of the 

art in research on microgrids: A review. IEEE Access, 3, 890-925. 
https://doi.org/10.1109/ACCESS.2015.2443119  

8. Lasseter, R. H. (2002). Microgrids. In Power Engineering Society 

Winter Meeting, IEEE, 1, 305-308. 
https://doi.org/10.1109/PESW.2002.985003  

9. Huang, G., Gao, Z., & Xu, Y. (2019). Reinforcement Learning for 

Optimal Operation and Management of the Energy Internet: A Review 
and Classification. Applied Energy, 239, 704-728. 
https://doi.org/10.1016/j.apenergy.2019.01.145  

10. DOE. (2015). Grid Modernization Initiative. U.S. Department of 
Energy. 

AUTHOR PROFILE 

Eng. Chamil Edirimuni is a Chartered Electrical Engineer 
of the Engineering Council and an International 

Professional Engineer. He currently serves as a Chief 

Engineer at the Ceylon Electricity Board. Additionally, he 
serves as Vice President and Chairman of the Career 

Guidance and Skilled Development Committee of the Organisation of 

Professional Associations (OPA). He has previously held the position of 
Chairman of the Electrical, Electronics, and Telecommunication Sectional 

Committee of the Institution of Engineers Sri Lanka (IESL) for two sessions. 

He is a former council member of the IESL. Currently, he serves as the 
Chairman of the Electrical Section of the Engineering Council of Sri Lanka. 

Eng. Edirimuni holds a Bachelor of Science in Engineering (Hons) degree, 

an MBA, and a Postgraduate Diploma in Electrical Engineering from state 
universities in Sri Lanka. 

 

 
 

 

 
 

 

 

 
Disclaimer/Publisher’s Note: The statements, opinions and 

data contained in all publications are solely those of the 

individual author(s) and contributor(s) and not of the Blue 

Eyes Intelligence Engineering and Sciences Publication 

(BEIESP)/ journal and/or the editor(s). The Blue Eyes 

Intelligence Engineering and Sciences Publication (BEIESP) 

and/or the editor(s) disclaim responsibility for any injury to 

people or property resulting from any ideas, methods, 

instructions or products referred to in the content. 
 

http://doi.org/10.35940/ijies.K9972.11090924
http://www.ijies.org/
https://doi.org/10.24840/2183-0606_009.002_0006
https://doi.org/10.24840/2183-0606_009.002_0006
https://doi.org/10.1016/j.renene.2019.06.147
https://doi.org/10.1109/MPAE.2005.1507024
https://doi.org/10.1257/aer.100.3.641
https://doi.org/10.1109/SURV.2011.101911.00087
https://doi.org/10.1109/ACCESS.2015.2443119
https://doi.org/10.1109/PESW.2002.985003
https://doi.org/10.1016/j.apenergy.2019.01.145

