
 Corresponding author: Emmanuel Augustine Etukudoh 

Copyright © 2024 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0. 

Real-time energy monitoring systems: Technological applications in Canada, USA, 
and Africa 

Ahmad Hamdan 1, Sedat Sonko 2, Adefunke Fabuyide 3, Cosmas Dominic Daudu 4 and Emmanuel Augustine 
Etukudoh 5, * 

1 Cambridge Engineering Consultants, Amman, Jordan. 
2 Independent Researcher, USA. 
3 Stellenbosch University, South Africa. 
4 Nigeria LNG Limited, Bonny Island, Nigeria.  
5 Independent Researcher, Abuja, Nigeria. 

World Journal of Advanced Research and Reviews, 2024, 21(01), 2053–2063 

Publication history: Received on 11 December 2023; revised on 20 January 2024; accepted on 22 January 2024 

Article DOI: https://doi.org/10.30574/wjarr.2024.21.1.0255 

Abstract 

Real-time energy monitoring systems are pivotal for reshaping the global energy landscape, optimizing consumption, 
and fostering sustainability. This research explores the technological, regional, and socio-economic dimensions of 
energy monitoring, focusing on Canada, the USA, and Africa. The technological landscape includes sensor technologies, 
communication protocols, and emerging innovations like AI and blockchain. Regional perspectives highlight diverse 
challenges and opportunities, while a cross-regional analysis emphasizes collaboration and mutual learning. Challenges 
such as data security and integration are viewed as catalysts for improvement. Real-time monitoring's impact on 
sustainability is profound, reducing carbon footprints, optimizing resource utilization, and yielding economic benefits. 
Improved access to energy and community engagement underscores its positive social impact. The global journey 
towards sustainability is enhanced through collaboration, technology transfer, and the collective pursuit of a resilient 
and environmentally conscious energy future. 
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1. Introduction

In an era characterized by rapid technological advancements and a global imperative to address environmental 
sustainability, the management and monitoring of energy consumption emerge as critical components in shaping the 
future of our societies (Bibri, 2018; Johansson, Patwardhan, Nakićenović, & Gomez-Echeverri, 2012; Omer, 2008). As 
nations grapple with the challenges posed by climate change and the quest for sustainable development, real-time 
energy monitoring systems have emerged as instrumental tools in enhancing energy efficiency, reducing carbon 
footprints, and ensuring responsible resource utilization (Fontoura et al., 2023; Rane, 2023a). 

The landscape of energy consumption has undergone a paradigm shift spurred by an ever-increasing demand for power 
and a collective commitment to mitigate the adverse impacts of energy-related activities on the environment. 
Traditional approaches to energy management are being replaced by sophisticated, real-time monitoring systems that 
provide a granular understanding of energy usage patterns (Abubakar, Khalid, Mustafa, Shareef, & Mustapha, 2017). 
The need for operational efficiency and a broader recognition of the environmental and economic repercussions of 
inefficient energy practices drives this transition (Kazmi, O'grady, Delaney, Ruzzelli, & O'hare, 2014; Vikhorev, 
Greenough, & Brown, 2013). 
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Energy monitoring serves as the linchpin in the pursuit of sustainable energy practices. By providing real-time insights 
into energy consumption, these monitoring systems empower individuals, industries, and governments to make 
informed decisions that optimize energy usage, reduce waste, and contribute to the overall resilience of energy 
infrastructures. The real-time data generated by these systems allows for swift corrective actions, transforming how we 
conceptualize and manage energy resources. In the context of sustainable development, the importance of real-time 
energy monitoring cannot be overstated. As nations commit to ambitious sustainability goals, integrating advanced 
monitoring technologies becomes imperative for tracking progress, identifying inefficiencies, and fostering a culture of 
responsible energy consumption. The adoption of these systems aligns with global efforts to achieve a harmonious 
balance between economic development, social well-being, and environmental stewardship. 

Against this backdrop, this research explores the technological applications of real-time energy monitoring systems, 
specifically focusing on the unique contexts of Canada, the United States, and various African regions. The primary 
objectives of this study are multifaceted. First, to explore the diverse technological components that constitute real-time 
energy monitoring systems, including sensor technologies, communication protocols, and data analytics tools. Secondly, 
to investigate the distinct energy landscapes in Canada, the USA, and Africa, understanding the policy frameworks, 
challenges, and opportunities that shape the adoption and implementation of energy monitoring technologies. Thirdly, 
to assess the environmental, economic, and social implications of deploying real-time energy monitoring systems, 
gauging their effectiveness in promoting sustainable development. Lastly, to compare and contrast the experiences of 
the three regions, identifying lessons learned and potential collaborative strategies that can enhance the effectiveness 
of energy monitoring initiatives. 

Through an interdisciplinary lens, this paper aims to synthesize current knowledge, bridge gaps in understanding, and 
offer actionable insights that contribute to the discourse on energy monitoring systems. By addressing the technological 
applications within the specified regions, the research seeks to inform policymakers, industry stakeholders, and 
researchers about the challenges and opportunities inherent in deploying these systems. The geographical focus on 
Canada, the United States, and Africa is deliberate, considering each region's distinct energy landscapes, policy contexts, 
and socio-economic dynamics. By examining these diverse contexts, the research aims to provide a nuanced 
understanding of how real-time energy monitoring technologies are adapted, implemented, and embraced in different 
global settings. In navigating the intricate interplay between technology, policy, and regional nuances, this research 
paper aspires to contribute meaningfully to the ongoing dialogue on sustainable energy practices and the pivotal role 
of real-time energy monitoring in shaping a more resilient and environmentally conscious future. 

2. Technological Landscape in Energy Monitoring 

The technological landscape of energy monitoring has evolved significantly, leveraging innovative sensor technologies, 
communication protocols, and advanced data analytics and visualization tools. This section delves into these 
components and explores emerging technologies such as Artificial Intelligence (AI), Internet of Things (IoT) integration, 
and blockchain applications for secure data management. 

2.1. Technologies in Energy Monitoring 

Sensor technologies form the bedrock of real-time energy monitoring, enabling the collection of precise and granular 
data on energy consumption. Smart sensors, including but not limited to smart meters, smart plugs, and IoT-enabled 
devices, are instrumental in capturing real-time information. These sensors can measure electricity, gas, and water 
consumption, providing a comprehensive view of energy usage patterns at both macro and micro levels (Liang & Shah, 
2023; Stecyk & Miciuła, 2023). 

Seamless communication between devices is essential for the effectiveness of real-time energy monitoring systems. 
Common communication protocols include Zigbee, Z-Wave, and Wi-Fi, facilitating data transmission from sensors to 
central monitoring systems. The protocol choice depends on range, data transfer speed, and energy efficiency, ensuring 
optimal connectivity within diverse energy ecosystems (Nguyen et al., 2021; Rashid, Alkababji, & Khidhir, 2021). 

The influx of massive datasets necessitates robust data analytics tools to derive actionable insights. Advanced analytics 
techniques, including machine learning algorithms, statistical models, and pattern recognition, enable the identification 
of trends and anomalies in energy consumption. Visualization tools such as dashboards and interactive graphs provide 
stakeholders with an intuitive understanding of complex data, facilitating informed decision-making (Dimara, Zhang, 
Tory, & Franconeri, 2021; Perdana, Robb, & Rohde, 2019). 
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2.2. Innovations and Emerging Technologies 

Artificial Intelligence plays a pivotal role in enhancing the capabilities of energy monitoring systems. Machine learning 
algorithms analyze historical and real-time data, enabling predictive analytics for energy consumption patterns. AI 
applications can optimize energy distribution, predict equipment failures, and dynamically adjust energy usage based 
on demand, contributing to increased efficiency and reduced waste. 

The integration of IoT in energy monitoring extends beyond sensors to create a network of interconnected devices. IoT 
enables real-time communication and coordination between devices, allowing adaptive responses to changing 
conditions. In energy monitoring, IoT facilitates the seamless integration of diverse sensors, enabling a holistic approach 
to monitoring and management. Blockchain technology addresses critical concerns related to data security and 
integrity. In energy monitoring, blockchain ensures transparent and tamper-resistant record-keeping of energy 
transactions. It enhances the security of data transmission between devices and systems, reducing the risk of cyber 
threats. Additionally, blockchain enables transparent and traceable energy trading and billing, fostering stakeholder 
trust.(Juszczyk & Shahzad, 2022; Tkachuk, Ilie, Robert, Kebande, & Tutschku, 2023; Valdivia & Balcell, 2022) 

The technological landscape of energy monitoring is dynamic, continually evolving to meet the demands of a sustainable 
and technologically advanced future. Sensor technologies, communication protocols, and data analytics tools form the 
foundation. At the same time, innovations like Artificial Intelligence, IoT integration, and blockchain contribute to the 
sophistication and effectiveness of real-time energy monitoring systems. As these technologies converge, they promise 
to optimize energy consumption and shape a more resilient and responsive energy infrastructure to benefit societies 
worldwide (N. M. Kumar et al., 2020). 

2.3. Regional Perspectives 

Real-time energy monitoring is a global imperative, and understanding its regional perspectives provides insight into 
each region's diverse landscapes, challenges, and opportunities. This section explores the energy monitoring 
perspectives of Canada, the United States, and Africa. 

2.3.1. Canada 

Canada boasts a diverse energy portfolio, including hydroelectric, nuclear, oil, and natural gas resources. The country's 
vast geography and commitment to renewable energy make real-time monitoring essential for optimizing energy 
production and consumption. The Canadian government has implemented robust policies to promote sustainable 
energy practices. Initiatives such as the Pan-Canadian Framework on Clean Growth and Climate Change underscore 
Canada's commitment to reducing greenhouse gas emissions and advancing clean technologies. Regulations mandate 
integrating smart grid technologies, driving the adoption of real-time energy monitoring systems (Action, 2021; Carter 
& Dordi, 2021; Hossain, 2023). 

Notable projects include deploying smart grids in cities like Toronto and Vancouver. These initiatives leverage advanced 
sensor technologies and data analytics to enhance grid efficiency and reliability. Canada's commitment to remote and 
indigenous communities' energy access drives innovative monitoring solutions tailored to unique geographical and 
social contexts. 

2.3.2. USA 

The United States has a complex energy landscape, combining fossil fuels, renewables, and nuclear power. Federal and 
state-level policies emphasize energy efficiency and environmental sustainability. Programs like the Smart Grid 
Investment Grant (SGIG) and the Energy Policy Act of 2005 incentivize adopting advanced monitoring technologies 
(Brown, Zhou, & Ahmadi, 2018; Zhou & Noonan, 2019). Real-time energy monitoring has found widespread application 
in various sectors across the USA. Integrating sensors and analytics optimizes energy usage from smart homes and 
buildings to industrial facilities. Adopting advanced metering infrastructure (AMI) transforms the utility sector, 
enabling two-way communication for better demand management and grid reliability (Huang et al., 2021; Le, Chin, 
Truong, Nguyen, & Eissa, 2016). 

Challenges in the U.S. include the diverse regulatory landscape and the need for standardized protocols. However, these 
challenges also present opportunities for innovation and market growth. The push for decarbonization and grid 
modernization positions real-time monitoring as crucial for achieving sustainability goals. 
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2.3.3. Africa 

Africa faces a unique set of energy challenges, with a significant portion of its population lacking reliable access to 
electricity. Real-time energy monitoring presents opportunities to address inefficiencies, reduce losses, and extend 
energy access through decentralized systems like microgrids and off-grid solutions. Adoption varies across African 
regions, reflecting disparities in infrastructure and economic development. Countries like South Africa have 
implemented smart metering projects, while others focus on community-level initiatives. Innovative financing models 
and collaborations with international organizations drive adoption in resource-constrained regions. The socio-
economic impact of energy monitoring in Africa is substantial. Improved energy access enhances educational 
opportunities, supports healthcare, and stimulates economic development. Additionally, adopting clean energy 
technologies contributes to environmental sustainability and resilience in the face of climate change (Carmin & 
Anguelovski, 2009; Muza & Debnath, 2021). 

3. Challenges and Opportunities in Real-Time Energy Monitoring 

3.1. Common Challenges 

3.1.1. Data Security and Privacy Concerns 

Collecting and transmitting sensitive energy consumption data raises significant concerns regarding privacy breaches 
and unauthorized access (P. Kumar et al., 2019; McKenna, Richardson, & Thomson, 2012). As the world becomes 
increasingly connected and reliant on smart energy systems, safeguarding the confidentiality and integrity of such data 
becomes paramount. The potential consequences of unauthorized access to energy consumption information are far-
reaching, encompassing individual privacy concerns and broader implications for national security and the functioning 
of critical infrastructure. Addressing this challenge requires a comprehensive approach that fortifies the technical 
aspects of data security and considers the development of robust policies and frameworks to govern the responsible 
collection, storage, and transmission of sensitive energy consumption data (Asghar, Dán, Miorandi, & Chlamtac, 2017). 

Several opportunities for improvement can be pursued to enhance the security of energy consumption data. 
Implementing robust encryption protocols is essential to protect data during storage and transmission. This involves 
adopting state-of-the-art encryption algorithms and ensuring that encryption keys are managed securely. Additionally, 
compliance with data protection regulations, such as the General Data Protection Regulation (GDPR) or relevant 
national laws, is crucial in establishing a legal and ethical framework for handling sensitive information (Regulation, 
2018; Sirur, Nurse, & Webb, 2018; Tikkinen-Piri, Rohunen, & Markkula, 2018). Moreover, developing and 
communicating transparent data usage policies is vital in building trust among end-users. Organizations can foster a 
sense of confidence and cooperation from individuals contributing to the energy consumption data pool by clearly 
outlining how their data will be collected, processed, and protected. Overall, these opportunities present a pathway 
toward balancing the benefits of smart energy systems with the imperative to protect individual privacy and data 
security. 

3.1.2. Integration Issues 

The challenge in real-time energy monitoring lies in the complex integration of diverse technologies and systems, 
resulting in compatibility issues that hinder the efficiency of the monitoring process. Legacy systems further exacerbate 
this problem, as these older technologies may struggle to communicate seamlessly with newer monitoring solutions. 
The lack of interoperability poses a significant hurdle in achieving a cohesive and streamlined approach to energy 
monitoring, which is crucial for optimizing resource utilization and enhancing overall energy efficiency. 

To address these challenges, there are several opportunities for improvement in real-time energy monitoring. Firstly, 
there is a need for the widespread adoption of standardized communication protocols that can serve as a common 
language for different communication technologies. This standardization would facilitate smoother integration and 
reduce compatibility issues. Additionally, developing middleware solutions presents an opportunity to bridge the 
technology gaps between legacy systems and modern monitoring solutions, ensuring a more cohesive and 
interconnected energy monitoring infrastructure. Furthermore, investing in interoperable technologies and prioritizing 
seamless integration can be pivotal in overcoming compatibility challenges and fostering a more efficient and 
responsive real-time energy monitoring ecosystem. 
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3.1.3. Cost Implications 

The challenge of deploying real-time energy monitoring systems lies in the substantial upfront costs, posing a 
formidable barrier for smaller businesses and regions in the early stages of development. The financial burden of 
implementing these systems can deter organizations with limited resources from investing in sustainable energy 
practices. There are several opportunities for improvement to address this challenge. Firstly, governments can play a 
pivotal role by offering incentives and subsidies to encourage the adoption of real-time energy monitoring systems 
(Kowalska-Pyzalska, 2018). These financial incentives can help offset the initial costs, making it more feasible for 
smaller businesses and regions to embrace these technologies. Secondly, ongoing technological advances will lead to 
cost reductions over time. As the efficiency and affordability of monitoring systems improve, businesses may find it 
increasingly viable to integrate these solutions into their operations (Kaplan & Cooper, 1998). Lastly, fostering public-
private partnerships can be a strategic approach to overcoming the financial hurdle. Collaborative investments in 
monitoring infrastructure can distribute the costs among various stakeholders, promoting widespread adoption and 
ensuring the benefits of real-time energy monitoring are accessible to a broader spectrum of businesses and regions 
(Calandra, Secinaro, Massaro, Dal Mas, & Bagnoli, 2023; Ghaffarianhoseini et al., 2017). 

3.2. Opportunities for Improvement 

3.2.1. Policy Recommendations 

Clear and supportive policies are instrumental in promoting the widespread adoption of real-time energy monitoring. 
Governments can proactively shape the landscape by enacting policies encouraging businesses and individuals to invest 
in monitoring systems and adhere to best practices. One avenue for fostering a conducive environment is to advocate 
for regulatory standards that ensure data security and promote interoperability among different monitoring systems. 
By establishing consistent guidelines, governments can provide a framework that fosters trust and facilitates the 
seamless integration of diverse monitoring solutions. 

In addition to regulatory standards, governments can leverage incentive programs as a powerful tool for driving the 
adoption of energy monitoring technologies. These programs can take various forms, including financial incentives, tax 
breaks, or subsidies for entities that embrace and implement real-time energy monitoring. By offering tangible benefits, 
governments can motivate a broader range of businesses and individuals to invest in these technologies, ultimately 
contributing to more sustainable energy practices. In doing so, policymakers support the growth of a thriving market 
for energy monitoring solutions and contribute to broader environmental goals by encouraging responsible energy 
consumption and management. 

3.2.2. Collaboration and Knowledge Sharing 

Opportunity lies in the seamless collaboration among industry stakeholders, government bodies, and research 
institutions, as it serves as a linchpin for overcoming challenges and fostering innovation. In a rapidly evolving 
landscape, where technological advancements and societal demands shape industries, the collective expertise of diverse 
entities becomes paramount. Knowledge-sharing platforms are pivotal in this ecosystem, offering a structured medium 
for exchanging best practices and lessons learned. By fostering an open communication and collaboration environment, 
these platforms empower businesses, researchers, and policymakers to collectively tackle common challenges, leading 
to more effective solutions and cultivating a dynamic and resilient industry (Lam, 2002; Teece, 2010). 

To capitalize on this opportunity, the establishment of industry forums is essential. These forums serve as structured 
spaces where businesses, researchers, and policymakers converge to share valuable insights and collaborate on 
addressing common challenges. The synergy created through such forums not only accelerates problem-solving but also 
nurtures an atmosphere of continuous learning and adaptation. Additionally, encouraging international partnerships 
further amplifies the innovation potential. Cross-border collaborations enable leveraging global expertise and 
experience, enriching the collective knowledge base and ensuring solutions are effective, culturally, and contextually 
relevant globally. Embracing these collaborative opportunities can catalyze transformative change, positioning 
industries at the forefront of innovation and sustainable growth (Liu & Meyer, 2020; Tay, Zamborsky, & Ingrst, 2021). 

3.2.3. Potential for Technology Transfer 

The facilitation of technology transfer presents a significant opportunity to expedite the widespread adoption of real-
time energy monitoring, particularly in regions facing resource constraints. Established entities possessing advanced 
technologies and expertise can play a pivotal role in sharing their knowledge with emerging markets. By fostering 
collaborations and partnerships, these entities can contribute to developing and implementing cutting-edge energy 
monitoring systems in areas where such capabilities may be underutilized. This not only enhances the efficiency of 
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energy management but also empowers local communities to make informed decisions about their energy 
consumption, thereby fostering sustainable development (Abubakar et al., 2017; Rane, 2023c; Rashid et al., 2021). 

To maximize the impact of technology transfer, it is crucial to implement comprehensive capacity-building programs to 
develop local expertise in deploying and managing energy monitoring systems (Kennedy & Basu, 2013). Training 
initiatives can range from technical skills development to operational know-how, ensuring that communities are 
equipped with the necessary tools and possess the skills to utilize them effectively. By investing in the education and 
training of local personnel, we empower communities to harness the benefits of real-time energy monitoring and create 
a sustainable ecosystem that can adapt and evolve with advancing technologies. Promoting international partnerships 
plays a vital role in catalyzing the transfer of proven technologies to needy regions. Encouraging collaboration between 
technologically advanced countries and those facing energy challenges facilitates the exchange of knowledge, resources, 
and support. By fostering such relationships, we can leverage the strengths of developed nations to address the energy 
needs of less-privileged regions, promoting global cooperation and contributing to achieving sustainable energy goals. 
We can build a more interconnected and resilient energy landscape that benefits advanced and developing economies 
through joint efforts (Blohmke, 2014; Kim, 2018). 

4. Impact on Sustainability through Real-Time Energy Monitoring 

Real-time energy monitoring systems are pivotal in shaping a sustainable future by addressing environmental, 
economic, and social dimensions. This section explores the multifaceted impact of these systems on sustainability, 
emphasizing environmental benefits, economic implications, and social impacts. 

4.1. Environmental Benefits 

Real-time energy monitoring is pivotal in the ongoing global effort to reduce carbon emissions. This technology 
empowers businesses and individuals with a detailed understanding of their energy consumption patterns. By 
leveraging this granular insight, targeted strategies can be implemented to identify and mitigate energy-intensive 
processes. This proactive approach enables the optimization of energy usage, thereby making a significant impact on 
reducing the carbon footprint associated with daily operations. Whether it is implementing energy-efficient 
technologies or adjusting operational practices, the ability to monitor energy consumption in real-time allows for 
informed decision-making, fostering a more sustainable approach to resource management. 

The precise monitoring afforded by real-time data analysis extends beyond carbon footprint reduction to encompass 
efficient resource utilization. Industries, in particular, stand to benefit from this capability by preventing wastage and 
eliminating inefficiencies in their processes. With a keen eye on real-time data, businesses can streamline energy-
intensive operations, leading to a more sustainable and judicious use of resources. This optimization contributes to 
environmental sustainability and enhances operational efficiency, potentially reducing business costs. As industries 
increasingly recognize the importance of responsible resource management, integrating real-time monitoring tools 
becomes critical in balancing operational needs and ecological responsibility (Lu & Su, 2010). 

4.2. Economic Implications 

Real-time energy monitoring is pivotal in fostering organizational cost savings and economic efficiency. By continuously 
monitoring energy usage in real time, businesses can pinpoint areas of inefficiency and implement targeted strategies 
to optimize consumption. This not only reduces operational costs but also enhances the overall economic 
competitiveness of the organization. By implementing energy-saving measures, companies can achieve sustainable, 
long-term cost savings, freeing up resources for other strategic investments. Making informed decisions based on real-
time data empowers businesses to streamline operations and contribute to a more resource-efficient and economically 
viable future (Rane, 2023b; Reza, 2023). 

The adoption of real-time energy monitoring benefits organizations and fuels job creation and industry growth. The 
deployment and maintenance of advanced monitoring technologies create employment opportunities, particularly in 
the technology sector. As organizations invest in these innovative solutions, skilled professionals are needed to develop, 
implement, and manage the systems. Furthermore, the increased energy efficiency achieved through real-time 
monitoring contributes to the overall growth of industries (Fontoura et al., 2023). By optimizing energy consumption, 
industries can expand production capacities, respond to market demands more effectively, and stimulate economic 
growth. This, in turn, leads to the creation of new jobs across various sectors, supporting a robust and dynamic job 
market. 
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4.3. Social Impact 

Real-time energy monitoring is a crucial facilitator for enhancing energy access in underserved regions. These systems 
are pivotal in implementing decentralized energy solutions by offering valuable insights into energy consumption 
patterns. In remote and marginalized communities, where access to reliable energy sources is often limited, real-time 
monitoring helps optimize resource utilization and facilitates electrification efforts. The data-driven approach enables 
more efficient energy distribution, supporting sustainable development goals and significantly improving these areas' 
overall quality of life. As a result, real-time energy monitoring catalyzes positive change, bridging the energy gap and 
fostering economic and social progress in previously overlooked regions. 

The transparency inherent in real-time energy monitoring systems cultivates community engagement and awareness 
(Beauchampet & Walsh, 2021). By providing individuals and communities with a clear understanding of their energy 
consumption, these systems empower them to participate actively in energy conservation efforts. Knowing their usage 
patterns makes community members more likely to adopt responsible energy practices, reducing wastage and overall 
consumption. This heightened awareness benefits the local community and contributes to a broader sense of 
environmental stewardship. As communities embrace a more sustainable approach to energy usage, the positive impact 
extends beyond immediate benefits, fostering a culture of responsible resource management and environmental 
consciousness. 

5. Comparison and Cross-Regional Analysis in Real-Time Energy Monitoring 

Understanding the similarities and differences in technological applications, policy effectiveness, and implementation 
across regions is essential for shaping effective strategies and fostering collaborative efforts. This section conducts a 
comparative analysis and explores cross-regional insights in the context of real-time energy monitoring. 

5.1. Comparative Analysis 

In Canada, the USA, and Africa, there are notable similarities in the adoption of advanced technologies for energy 
management. All three regions emphasize the deployment of smart meters and sensors to enable real-time data 
collection, providing valuable insights into energy consumption patterns. Additionally, there is a common trend of 
integrating data analytics and visualization tools, facilitating informed decision-making processes. The emphasis on 
Internet of Things (IoT) integration is another shared aspect, enhancing connectivity and monitoring capabilities in the 
pursuit of efficient resource utilization (Čolaković & Hadžialić, 2018). However, differences arise in these technologies' 
maturity and widespread adoption, with Canada and the USA often exhibiting more advanced monitoring 
infrastructures than in various African regions. Furthermore, variations in the types of sensors and communication 
protocols are influenced by the distinct energy infrastructures and regulatory environments prevalent in each region 
(Botta, De Donato, Persico, & Pescapé, 2016). 

Examining the effectiveness and challenges of energy-related policies in Canada, the USA, and Africa provides insights 
into the diverse approaches taken by these regions. Implementing carbon pricing mechanisms in Canada has effectively 
driven a shift towards cleaner energy sources. Supportive regulations for smart grid development and real-time 
monitoring further contribute to sustainable practices. However, challenges persist due to regional variations in policy 
implementation, attributed to the decentralized nature of the energy sector. In the USA, federal and state-level 
incentives play a crucial role in promoting the adoption of smart grid technologies, accompanied by energy efficiency 
programs that drive real-time monitoring across various sectors. Despite these efforts, the diverse regulatory landscape 
poses challenges, leading to variations in policy effectiveness. In Africa, a notable focus on renewable energy and 
decentralized solutions is evident, supported by government initiatives to improve energy access through technology 
adoption. However, challenges arise from varied policy implementation and enforcement levels across different regions, 
highlighting the need for a more consistent and inclusive approach to sustainable energy policies (Alstone, Gershenson, 
& Kammen, 2015; Zalengera et al., 2020). 

5.2. Cross-Regional Insights 

From Canada and the USA to Africa, valuable lessons can be drawn to guide energy strategies in Africa. Implementing 
robust regulatory frameworks in North America has played a pivotal role in fostering the adoption of advanced 
technologies. African countries benefit from studying and adapting these policy structures to create a conducive 
environment for technology deployment. Collaborative efforts between North America's public and private sectors have 
also driven innovation. Similar partnerships in Africa could accelerate the adoption of cutting-edge technologies, 
fostering a culture of collaboration and knowledge-sharing. 
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Conversely, lessons from Africa offer insights that can inspire resilience-oriented approaches in Canada and the USA. 
Innovative financing models and community-driven projects in Africa have demonstrated the feasibility of 
decentralized energy solutions, providing a potential blueprint for addressing energy challenges in remote or 
underserved areas of North America. The adaptability and flexibility of technologies in Africa, where infrastructure may 
be less established, present an opportunity for North American regions to rethink their approaches and embrace more 
agile solutions. 

The potential for collaborative efforts between Canada, the USA, and African nations is vast and holds promise for 
advancing global energy sustainability. International partnerships can facilitate sharing best practices and technological 
advancements, fostering a collective commitment to addressing common challenges (Chukwu, Adu-Baah, Niaz, 
Nwagwu, & Chukwu, 2023). Joint research and development initiatives can accelerate the deployment of innovative 
solutions, leveraging the strengths of each region. Knowledge exchange programs further contribute to a culture of 
continuous learning. A rich tapestry of global expertise can be woven by establishing platforms for professionals and 
policymakers to share insights and experiences. Collaborative workshops and forums allow stakeholders from different 
regions to engage in meaningful dialogue, offering a holistic perspective on the challenges and successes of pursuing 
sustainable energy solutions. 

6. Conclusion  

In conclusion, real-time energy monitoring systems emerge as transformative tools with the potential to reshape the 
global energy landscape. This comprehensive exploration has delved into various facets of the topic, including 
technological landscapes, regional perspectives, challenges, opportunities, and cross-regional analyses. As nations and 
regions grapple with the complexities of energy management, adopting real-time monitoring systems is a crucial 
strategy for fostering sustainability, resilience, and efficiency. 

The technological landscape, marked by sensor technologies, communication protocols, and cutting-edge innovations 
like AI, IoT integration, and blockchain, forms the backbone of real-time energy monitoring. These technologies 
optimize energy consumption and pave the way for a more intelligent and responsive energy infrastructure. Regional 
perspectives from Canada, the USA, and Africa highlight the diversity of challenges and opportunities associated with 
energy monitoring. From established policies driving adoption in North America to the unique energy challenges and 
decentralized solutions in Africa, each region contributes valuable insights and lessons. The cross-regional analysis 
emphasizes the potential for mutual learning, collaboration, and technology transfer, showcasing the 
interconnectedness of global efforts toward sustainable energy practices. 

Challenges such as data security, integration issues, and cost implications are acknowledged. However, they are viewed 
not as roadblocks but as catalysts for improvement. Robust policy recommendations, collaboration, and technology 
transfer are critical opportunities for overcoming these challenges and fostering a more inclusive and sustainable 
energy future. The impact on sustainability is evident across environmental, economic, and social dimensions. Real-time 
energy monitoring contributes to reducing carbon footprints and efficient resource utilization. It yields economic 
benefits through cost savings, job creation, and industry growth. The social impact is profound, with improved access 
to energy and heightened community engagement fostering a sense of responsibility and awareness. 

As the journey towards a sustainable future unfolds, the global community stands at a crucial juncture. Real-time energy 
monitoring systems, as evidenced by their transformative potential, offer a roadmap for navigating this path. By 
drawing on the insights and experiences of diverse regions, stakeholders can collaboratively shape strategies that 
transcend geographical boundaries and contribute to a resilient, efficient, and environmentally conscious energy 
ecosystem. The collective pursuit of knowledge, innovation, and collaboration promises a future where real-time energy 
monitoring is not just a technological solution but a cornerstone of global sustainability. 

Compliance with ethical standards 

Disclosure of conflict of interest 

No conflict of interest to be disclosed. 

 



World Journal of Advanced Research and Reviews, 2024, 21(01), 2053–2063 

2061 

References 

[1] Abubakar, I., Khalid, S., Mustafa, M., Shareef, H., & Mustapha, M. (2017). Application of load monitoring in 
appliances’ energy management–A review. Renewable and sustainable energy reviews, 67, 235-245.  

[2] Action, I. C. (2021). Decolonizing climate policy in Canada. In. 

[3] Alstone, P., Gershenson, D., & Kammen, D. M. (2015). Decentralized energy systems for clean electricity access. 
Nature climate change, 5(4), 305-314.  

[4] Asghar, M. R., Dán, G., Miorandi, D., & Chlamtac, I. (2017). Smart meter data privacy: A survey. IEEE 
Communications Surveys & Tutorials, 19(4), 2820-2835.  

[5] Beauchampet, I., & Walsh, B. (2021). Energy citizenship in the Netherlands: The complexities of public 
engagement in a large-scale energy transition. Energy Research & Social Science, 76, 102056.  

[6] Bibri, S. E. (2018). The IoT for smart sustainable cities of the future: An analytical framework for sensor-based 
big data applications for environmental sustainability. Sustainable cities and society, 38, 230-253.  

[7] Blohmke, J. (2014). Technology complexity, technology transfer mechanisms and sustainable development. 
Energy for Sustainable Development, 23, 237-246.  

[8] Botta, A., De Donato, W., Persico, V., & Pescapé, A. (2016). Integration of cloud computing and internet of things: 
a survey. Future generation computer systems, 56, 684-700.  

[9] Brown, M. A., Zhou, S., & Ahmadi, M. (2018). Smart grid governance: An international review of evolving policy 
issues and innovations. Wiley Interdisciplinary Reviews: Energy and Environment, 7(5), e290.  

[10] Calandra, D., Secinaro, S., Massaro, M., Dal Mas, F., & Bagnoli, C. (2023). The link between sustainable business 
models and Blockchain: A multiple case study approach. Business Strategy and the Environment, 32(4), 1403-
1417.  

[11] Carmin, J., & Anguelovski, I. (2009). Planning Climate Resilient Cities: Early Lessons from Early Adapters.  

[12] Carter, A. V., & Dordi, T. (2021). Correcting Canada’s “one eye shut” climate policy. Cascade Institute, 1(1), 1-26.  

[13] Chukwu, E., Adu-Baah, A., Niaz, M., Nwagwu, U., & Chukwu, M. U. (2023). Navigating Ethical Supply Chains: The 
Intersection of Diplomatic Management and Theological Ethics. International Journal of Multidisciplinary Sciences 
and Arts, 2(1), 127-139.  

[14] Čolaković, A., & Hadžialić, M. (2018). Internet of Things (IoT): A review of enabling technologies, challenges, and 
open research issues. Computer networks, 144, 17-39.  

[15] Dimara, E., Zhang, H., Tory, M., & Franconeri, S. (2021). The unmet data visualization needs of decision makers 
within organizations. IEEE Transactions on Visualization and Computer Graphics, 28(12), 4101-4112.  

[16] Fontoura, L., de Mattos Nascimento, D. L., Neto, J. V., Garcia-Buendia, N., Garza-Reyes, J. A., Lima, G. B. A., . . . 
Meiriño, M. J. (2023). Real-time energy flow mapping: A VSM-based proposal for energy efficiency. Journal of 
Cleaner Production, 419, 137871.  

[17] Ghaffarianhoseini, A., Tookey, J., Ghaffarianhoseini, A., Naismith, N., Azhar, S., Efimova, O., & Raahemifar, K. 
(2017). Building Information Modelling (BIM) uptake: Clear benefits, understanding its implementation, risks 
and challenges. Renewable and sustainable energy reviews, 75, 1046-1053.  

[18] Hossain, B. (2023). Do government spending on pollution abatement and targeted environmental policies 
promote green growth in Canada? Journal of Cleaner Production, 140391.  

[19] Huang, C., Sun, C.-C., Duan, N., Jiang, Y., Applegate, C., Barnes, P. D., & Stewart, E. (2021). Smart meter pinging and 
reading through AMI two-way communication networks to monitor grid edge devices and DERs. IEEE 
Transactions on Smart Grid, 13(5), 4144-4153.  

[20] Johansson, T. B., Patwardhan, A. P., Nakićenović, N., & Gomez-Echeverri, L. (2012). Global energy assessment: 
toward a sustainable future: Cambridge University Press. 

[21] Juszczyk, O., & Shahzad, K. (2022). Blockchain technology for renewable energy: principles, applications and 
prospects. Energies, 15(13), 4603.  

[22] Kaplan, R. S., & Cooper, R. (1998). Cost & effect: using integrated cost systems to drive profitability and performance: 
Harvard Business Press. 



World Journal of Advanced Research and Reviews, 2024, 21(01), 2053–2063 

2062 

[23] Kazmi, A. H., O'grady, M. J., Delaney, D. T., Ruzzelli, A. G., & O'hare, G. M. (2014). A review of wireless-sensor-
network-enabled building energy management systems. ACM Transactions on Sensor Networks (TOSN), 10(4), 1-
43.  

[24] Kennedy, M., & Basu, B. (2013). Overcoming barriers to low carbon technology transfer and deployment: An 
exploration of the impact of projects in developing and emerging economies. Renewable and sustainable energy 
reviews, 26, 685-693.  

[25] Kim, J. E. (2018). Technological capacity building through energy aid: Empirical evidence from renewable energy 
sector. Energy Policy, 122, 449-458.  

[26] Kowalska-Pyzalska, A. (2018). What makes consumers adopt to innovative energy services in the energy market? 
A review of incentives and barriers. Renewable and sustainable energy reviews, 82, 3570-3581.  

[27] Kumar, N. M., Chand, A. A., Malvoni, M., Prasad, K. A., Mamun, K. A., Islam, F., & Chopra, S. S. (2020). Distributed 
energy resources and the application of AI, IoT, and blockchain in smart grids. Energies, 13(21), 5739.  

[28] Kumar, P., Lin, Y., Bai, G., Paverd, A., Dong, J. S., & Martin, A. (2019). Smart grid metering networks: A survey on 
security, privacy and open research issues. IEEE Communications Surveys & Tutorials, 21(3), 2886-2927.  

[29] Lam, A. (2002). Alternative societal models of learning and innovation in the knowledge economy. International 
Social Science Journal, 54(171), 67-82.  

[30] Le, T. N., Chin, W. L., Truong, D. K., Nguyen, T. H., & Eissa, M. (2016). Advanced metering infrastructure based on 
smart meters in smart grid. Smart Metering Technology and Services-Inspirations for Energy Utilities.  

[31] Liang, C., & Shah, T. (2023). IoT in Agriculture: The Future of Precision Monitoring and Data-Driven Farming. 
Eigenpub Review of Science and Technology, 7(1), 85-104.  

[32] Liu, Y., & Meyer, K. E. (2020). Boundary spanners, HRM practices, and reverse knowledge transfer: The case of 
Chinese cross-border acquisitions. Journal of World Business, 55(2), 100958.  

[33] Lu, Z., & Su, J. (2010). Clinical data management: Current status, challenges, and future directions from industry 
perspectives. Open Access Journal of Clinical Trials, 93-105.  

[34] McKenna, E., Richardson, I., & Thomson, M. (2012). Smart meter data: Balancing consumer privacy concerns with 
legitimate applications. Energy Policy, 41, 807-814.  

[35] Muza, O., & Debnath, R. (2021). Disruptive innovation for inclusive renewable policy in sub-Saharan Africa: A 
social shaping of technology analysis of appliance uptake in Rwanda. Renewable energy, 168, 896-912.  

[36] Nguyen, C. V., Coboi, A. E., Bach, N. V., Dang, A., Le, T., Nguyen, H. P., & Nguyen, M. T. (2021). ZigBee based data 
collection in wireless sensor networks. Int J Inf & Commun Technol ISSN, 2252(8776), 213.  

[37] Omer, A. M. (2008). Energy, environment and sustainable development. Renewable and sustainable energy 
reviews, 12(9), 2265-2300.  

[38] Perdana, A., Robb, A., & Rohde, F. (2019). Interactive data and information visualization: unpacking its 
characteristics and influencing aspects on decision-making. Pacific Asia Journal of the Association for Information 
Systems, 11(4), 4.  

[39] Rane, N. (2023a). Contribution of ChatGPT and Other Generative Artificial Intelligence (AI) in Renewable and 
Sustainable Energy. Available at SSRN 4597674.  

[40] Rane, N. (2023b). Integrating Leading-Edge Artificial Intelligence (AI), Internet of Things (IoT), and Big Data 
Technologies for Smart and Sustainable Architecture, Engineering and Construction (AEC) Industry: Challenges 
and Future Directions. Engineering and Construction (AEC) Industry: Challenges and Future Directions (September 
24, 2023).  

[41] Rane, N. (2023c). Roles and Challenges of ChatGPT and Similar Generative Artificial Intelligence for Achieving the 
Sustainable Development Goals (SDGs). Available at SSRN 4603244.  

[42] Rashid, S. J., Alkababji, A., & Khidhir, A. (2021). Communication and network technologies of IoT in smart 
building: A survey. NTU J. Eng. Technol, 1, 1-18.  

[43] Regulation, G. D. P. (2018). General data protection regulation (GDPR). Intersoft Consulting, Accessed in October, 
24(1).  



World Journal of Advanced Research and Reviews, 2024, 21(01), 2053–2063 

2063 

[44] Reza, M. (2023). AI-Driven Solutions for Enhanced Waste Management and Recycling in Urban Areas. 
International Journal of Sustainable Infrastructure for Cities and Societies, 8(2), 1-13.  

[45] Sirur, S., Nurse, J. R., & Webb, H. (2018). Are we there yet? Understanding the challenges faced in complying with 
the General Data Protection Regulation (GDPR). Paper presented at the Proceedings of the 2nd International 
Workshop on Multimedia Privacy and Security. 

[46] Stecyk, A., & Miciuła, I. (2023). Empowering Sustainable Energy Solutions through Real-Time Data, Visualization, 
and Fuzzy Logic. Energies, 16(21), 7451.  

[47] Tay, D., Zamborsky, P., & Ingrst, I. (2021). Integrating Knowledge in Cross-border Acquisitions: A Knowledge-
based View of Open Innovation in an International Context. Available at SSRN 3974130.  

[48] Teece, D. J. (2010). Technological innovation and the theory of the firm: the role of enterprise-level knowledge, 
complementarities, and (dynamic) capabilities. In Handbook of the Economics of Innovation (Vol. 1, pp. 679-730): 
Elsevier. 

[49] Tikkinen-Piri, C., Rohunen, A., & Markkula, J. (2018). EU General Data Protection Regulation: Changes and 
implications for personal data collecting companies. Computer Law & Security Review, 34(1), 134-153.  

[50] Tkachuk, R.-V., Ilie, D., Robert, R., Kebande, V., & Tutschku, K. (2023). Towards efficient privacy and trust in 
decentralized blockchain-based peer-to-peer renewable energy marketplace. Sustainable Energy, Grids and 
Networks, 35, 101146.  

[51] Valdivia, A. D., & Balcell, M. P. (2022). Connecting the grids: A review of blockchain governance in distributed 
energy transitions. Energy Research & Social Science, 84, 102383.  

[52] Vikhorev, K., Greenough, R., & Brown, N. (2013). An advanced energy management framework to promote energy 
awareness. Journal of Cleaner Production, 43, 103-112.  

[53] Zalengera, C., To, L. S., Sieff, R., Mohr, A., Eales, A., Cloke, J., . . . Batchelor, S. (2020). Decentralization: the key to 
accelerating access to distributed energy services in sub-Saharan Africa? Journal of Environmental Studies and 
Sciences, 10, 270-289.  

[54] Zhou, S., & Noonan, D. S. (2019). Justice implications of clean energy policies and programs in the United States: 
A theoretical and empirical exploration. Sustainability, 11(3), 807.  


