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Abstract 

A smart city coordinates resource allocation to provide a safe, efficient, and good living environment. Smooth 

integration of advanced technologies optimises resource consumption, notably power control. Optimizing power 

control includes strategically placing connected devices to optimize electricity utilisation. Intelligent urban 

environments need recognising this issue and solving it. Multiple solutions are needed for smart city energy 

optimisation. However, on-going scientific debate attempts to construct a ground-breaking intelligent grid design 

that can gather electricity from PV, hydro, and thermal sources. A delay-aware delivery system handles the 

challenging challenge of real-time energy optimisation (ECRT). Optimising energy expenditure in real time 

matches demand and supply. This project intends to build a smart grid that regulates electrical operations and 

uses sustainable energy sources. The paper focuses modelling renewable energy and improving energy 

distribution. We want to boost smart city energy efficiency. The hybrid smart grid proposes an effective energy 

resource management system that blends numerous energy production sources and real-time energy expenditure 

optimisation. The harmonious integration of sustainable energy sources and novel control systems improves 

resource allocation while being sustainable. This insightful study discusses smart energy system concepts and 

solutions in a technologically sophisticated city. Real-time energy optimisation and sustainable energy sources 

show an on-going commitment to increasing efficiency, resource utilisation, and sustainable design in intelligent 

urban environments. 
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1. Introduction:

The discernible trend towards the adoption of sustainable energy sources on a global scale is readily apparent 

within diverse communities, urban centres, and subnational governing bodies. Numerous stakeholders have 

engaged in collaborative efforts to formulate comprehensive strategies with the overarching objective of 

effectuating a paradigm shift in their existing electricity frameworks, thereby transitioning towards a sustainable 

and environmentally friendly energy infrastructure predominantly reliant on renewable sources. Nevertheless, it 

is imperative to acknowledge that the prevailing power system engenders formidable obstacles owing to its 

exorbitant energy conversion procedures and latent imperfections in electrical apparatus. In order to effectively 

address these aforementioned issues and optimise the utilisation of energy resources, it is imperative to employ a 

range of methodologies including but not limited to tracking, regulating, and projecting. The optimisation of 

energy utilisation entails the provision of surplus electrical power to the system while concurrently establishing 

localised renewable energy (RE) initiatives. This particular approach not only effectively attends to pressing 

environmental concerns, but also significantly diminishes reliance on non-renewable fossil fuels, thereby 

ameliorating the inherent uncertainties associated with volatile energy markets. The integration of renewable 

energy (RE) options into the power system necessitates the implementation of robust monitoring mechanisms 

and strategic approaches. These encompass the utilisation of power storage devices, the application of operating 

equilibrium methods, and the exploration of innovative solutions such as hydroelectric power and rechargeable 

vehicles. The energy technology sector is currently experiencing substantial transformations, with a primary 
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emphasis on augmenting adaptability, mitigating expenses, and satisfying escalating power requisites. The 

integration of intelligent urban environments, commonly referred to as smart cities, assumes a pivotal position in 

the facilitation of the transition towards renewable and sustainable energy alternatives, namely wind and solar 

power, as a means to supplant conventional energy sources characterised by high emissions. The manuscript 

places significant emphasis on the optimisation of methodologies aimed at effectively managing the inherent 

volatility in supply associated with renewable resources, thereby facilitating their seamless integration into the 

power network while ensuring optimal efficiency. The principal objective entails the minimization of 

fluctuations in electrical load. 

The present scholarly manuscript endeavours to comprehensively examine and elucidate the various sequential 

phases involved in the assimilation of renewable energy sources into the existing power grid infrastructure, 

thereby exemplifying the fundamental principles underlying this optimisation methodology. The present study 

delves into the intricate dynamics surrounding sustainable renewable energy technologies within the context of 

smart cities. The manuscript is meticulously structured into distinct sections, commencing with a comprehensive 

examination of antecedent scholarly works pertaining to the subject matter of energy efficiency transitions 

within the context of smart cities. Subsequently, a novel and innovative solution is presented, followed by a 

thoughtful discourse on renewable energy sources as they relate to the enhancement of energy efficiency. The 

paper culminates with a succinct summary of key findings and deductions, as well as a delineation of potential 

avenues for future research exploration. The present discourse highlights the paramount significance of 

incorporating sustainable energy alternatives within the framework of smart urban environments. 

2. Related works: 

Al-Saedi et al. (2013) examine grid-connected microgrid power flow control under changing load conditions. 

[1]Particle Swarm Optimisation optimises microgrid power flow in this study. Microgrids struggle to maintain 

electricity flow when demand changes. PSO, an intelligent optimisation method, improves microgrid power flow 

control. In complicated, ever-changing systems, PSO finds optimal or near-optimal solutions. Power and energy 

systems are improved by this research. Optimising power flow may enhance grid-connected microgrid 

performance, especially under changing loads. This study shows how to optimise microgrid efficiency and 

reliability. 

[2] Dasgupta et al. (2013) use a four-switch-based three-phase grid-connected inverter to link renewable energy 

sources to a generalised unbalanced microgrid. Micro grids are local energy systems that function alone or with 

the power grid. The project designs and implements an inverter system to link renewable energy to the micro 

grid. In this generalised unbalanced microgrid research, the four-switch-based three-phase grid-connected 

inverter is thoroughly tested. When power system phases have uneven load or output, imbalances occur. IEEE 

Transactions on Industrial Electronics improves microgrid and power electronics. Certain inverter designs 

connect renewable energy to microgrids. In unbalanced situations, the findings may assist build and improve 

microgrid systems. 

Durairasan and Balasubramanian (2020) propose a control method to improve renewable energy flow to a typical 

three-phase microgrid. The Squirrel Search Algorithm (SSA) and Whale Optimisation Algorithm (WOA) are 

combined to improve microgrid power flow in the article. The paper examines optimal power flow regulation for 

microgrid stability and efficiency. Optimizers solve complicated problems efficiently using the Squirrel Search 

and Whale Optimisation Algorithms. [3]These algorithms improve microgrid power flow management in the 

suggested control method. This Transactions of the Institute of Measurement and Control study improves 

microgrid control systems by integrating renewable energy. The hybrid technique presented in the research may 

increase power flow and efficiency in generalised three-phase microgrids. 

[4] Elsied et al. (2016) examined microgrid power solutions' best economic and environmental performance. 

Microgrids are popular for their energy efficiency and environmental friendliness. To optimise functionality, the 

research includes economic and environmental elements.The authors strive to reconcile microgrid power system 

economic cost and environmental impact. An optimisation challenge that reduces operational costs and carbon 

emissions or other environmental impacts may be defined in the study. To optimise the microgrid, mathematical 

models and algorithms may detect the ideal operating circumstances. Energy Conversion and Management study 

optimises energy systems. The study helps determine microgrid power system sustainability and cost-

effectiveness by considering economic and environmental considerations. This research is essential for green 

energy efficiency. 

[5] In particular, Eltamaly et al. (2017) study smart grid load management and hybrid renewable energy system 

size and design. Modern technology controls electricity generation, distribution, and consumption in smart grids. 
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Load management, a smart grid function, is examined in hybrid renewable energy system size and design. Load 

management may be investigated to improve hybrid renewable energy systems. Demand patterns, renewable 

energy availability, and storage capacity must be addressed when dynamically altering electrical needs. The 

research optimises hybrid renewable energy system size and construction using intelligent load management. 

Engineering Optimisation shows how load management improves hybrid renewable energy systems. This 

research is crucial for smart grid and renewable energy sustainability, reliability, and profitability. 

M. M. Hossain, K. R. Zafreen, A. Rahman, M. A. Zamee, and T. Aziz reported a successful residential load-

focused smart grid demand-side management algorithm in 2017. Consumer-facing demand-side management 

optimises and controls electricity use in smart grid technologies. It improves residential demand-side 

management using an algorithm. The writers likely propose and evaluate a smart grid home load control 

algorithm, demonstrating their expertise. [6] It optimises energy utilisation, decreases peak demands, and 

increases grid reliability. The algorithms optimise energy usage, save money, and increase electricity 

dependability. Advanced electrical engineering and smart grid technologies benefit from important international 

conference research. It illuminates smart grid algorithmic methods for residential load demand-side control 

optimisation. This research improves power system energy management intelligence and efficiency. 

[7] X. Jiang and C. Xiao (2019) use operational power and a genetic algorithm to manage household energy 

usage. The IEEE Access study may concentrate on genetic algorithm-based domestic energy control.Research is 

anticipated on a genetic algorithm-based method to optimise household appliances and gadgets for energy 

efficiency, cost, and user preferences. Evolutionary genetic algorithms are based on natural selection. They 

commonly address optimisation problems. Study improves smart home technologies and energy management. 

The research optimises residential energy usage, saves money, and may stabilise power systems using 

evolutionary algorithms. Optimisation of residential energy utilisation in smart networks and sustainable energy 

practices makes this subject crucial. 

T. Sattarpour, D. Nazarpour, and S. Golshannavaz (2018) propose a complete house Energy Management 

(HEM) method for smart house energy efficiency. According to Sustainable Cities and Society, improving smart 

home energy use may enhance microgrid operation via collaboration.The writers may discuss smart home energy 

scheduling, including cost reduction, energy efficiency, and microgrid operation. According to a scholarly 

source[8], smart houses collaborate to optimise energy consumption patterns, improving microgrid stability and 

efficiency.This study is crucial to sustainable urban development, especially in smart cities and microgrids. The 

suggested multi-objective HEM method balances home goals with microgrid needs. Such research are essential 

for understanding and implementing collaborative energy management techniques in smart and sustainable 

cities. 

Renewable energy and storage are used to improve a Home Energy Management System (HEMS). Energies 

research may produce a system that controls residential energy consumption by integrating renewable energy 

generation and storage. [9] The writers may recommend improving solar panels and batteries for residential 

renewable energy. The goal is to improve energy efficiency, cut expenses, and utilise renewable energy in the 

home. The research improves energy management and sustainable technologies. A HEMS designed for 

renewable energy and storage decreases dependence on traditional power sources and enhances home energy 

system efficiency. These studies are necessary for households to embrace smart, eco-friendly energy solutions. 

H. Nguyen, C. Zhang, and M. A. Mahmud (2014) [10] explore efficient EV charging and discharging to improve 

grid renewable energy. The IFAC Proceedings Volumes may study power grid-electric vehicle management. We 

want better renewable energy integration the authors may examine electric vehicle smart charging and 

discharging algorithms using grid renewable energy. This may involve modifying electric vehicle charging and 

discharging schedules for wind and solar power fluctuations. This research aids smart grid integration and 

sustainable mobility. Intelligent electric vehicle charging and discharge may safeguard grid stability, support 

renewable energy, and encourage sustainable transportation. The study illuminates grid-integrating electric 

vehicle perks and downsides, improving renewable energy. 

Efficiency of renewable energy: 

The intricate endeavour of introducing and amending legislation to foster the implementation of renewable 

energy (RE) necessitates the continuous assessment of a myriad of factors, encompassing social, cultural, 

technical, and environmental dimensions. Numerous nations are fervently involved in the diligent assessment 

and meticulous amendment of extant legal frameworks, thereby accentuating the intricacy and paramount of 

embracing sustainable energy methodologies. The endorsement of sustainable energy holds immense potential 

and a plethora of benefits, albeit not without encountering obstacles that manifest themselves on a global and 
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regional scale. The formidable challenge of limited investment in green energies arises from the considerable 

initial operational expenditures, which impede the progress of these endeavours. Furthermore, the fruition of 

potential benefits derived from such ventures may be subject to temporal delays. The comprehensive resolution 

of challenges pertaining to wind and solar energy necessitates a thorough consideration of various subjective 

factors, while also accounting for cost-saving measures when deemed appropriate. The aforementioned 

challenges possess the potential to exert a substantial influence on the holistic system, extending beyond the 

mere fiscal implications associated with the installation and upkeep expenditures of the power generation 

network. 

Hydropower, while exhibiting a commendable level of integration within contemporary endeavours, regrettably 

manifests a constrained potential for further expansion and advancement. Renewable resources, including but not 

limited to tide, wind, water, and geothermal sources, encounter certain limitations with regards to their relative 

abundance and capacity for extraction. Furthermore, it is imperative to acknowledge that energy conservation is 

frequently regarded as a supplementary energy reservoir, and its examination within the framework of 

augmented output capacity shall be expounded upon herein. In order to effectively tackle these challenges, it is 

imperative to adopt a comprehensive and integrated approach that takes into account the intricate interplay 

between economic, environmental, and technical dimensions. In light of the escalating global endeavours aimed 

at achieving sustainable energy, it becomes imperative to underscore the significance of continuous assessments 

and modifications to legislative frameworks. Such endeavours are indispensable in fostering the pervasive 

integration of renewable energy alternatives. 

 

Figure 1: Renewable energy types for energy efficiency. 

The profound ramifications of environmental change are exerting a substantial influence on the intricate 

dynamics of the Earth's climate system, thereby engendering a pivotal juncture for the trajectory of human 

civilization. The electricity supply industry, predominantly propelled by power generation facilities, is 

responsible for a substantial portion, approximately 75%, of the global carbon dioxide (CO2) emissions. In light 

of the pressing imperative to achieve sustainable development, numerous nations are currently devising 

comprehensive frameworks aimed at facilitating the pervasive integration of renewable energy (RE) sources. 

The aforementioned frameworks encompass strategic roadmaps aimed at the attainment of sustainability 

objectives, as well as national strategies devised to facilitate the seamless integration of renewable energy 

sources. 

The phenomenon of global energy consumption is currently undergoing a substantial escalation, and 

prognostications indicate that the cumulative global energy requisites will surpass twofold by the year 2030, with 

the specific demand for power anticipated to nearly triple in relation to its present state. The burgeoning need at 

hand necessitates a comprehensive examination of the pivotal role that technological advancements have 

assumed in rendering the harnessing of natural resources for energy production a more viable endeavour. The 

transition towards renewable energy is widely regarded as an indispensable element in the amelioration of the 

ecological ramifications associated with conventional energy sources, as well as the curtailment of carbon 

emissions. In the pursuit of establishing sustainable energy frameworks, it is anticipated that the incorporation of 

renewable energy technologies will assume a critical position in the reconfiguration of the forthcoming energy 

panorama. 
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3. Proposed Method: 

The intelligent urban network has discerned fundamental objectives, with the intention of establishing a shared 

paradigm for assessing medium-to-long-term strategies pertaining to environmental and energy preservation 

within small to medium-sized communities. The advancement of diverse specifications encompasses the 

delineation of technological functionalities for the intelligent urban infrastructure, accomplished through a 

synergistic process involving municipalities, experts in modelling, computer scientists, relevant stakeholders, 

and providers of energy resources. The pursuit of a comprehensive comprehension among various stakeholders 

within the community is being undertaken in order to establish a functional framework that takes into account all 

viable criteria. The facilitation of renewable generation advancements is actively promoted by solution 

developers with the aim of expanding the requisite infrastructure for power generation. In light of the global 

phenomenon of smart city development, it is imperative to acknowledge the inherent diversity among various 

communities, necessitating city administrations to tailor their strategies and endeavours in order to effectively 

address their distinct requirements. 

The present scholarly manuscript endeavours to expound upon the subject matter pertaining to the integration of 

technological solutions, with the overarching objective of augmenting network performance, ensuring resource 

stability, and facilitating the expansion of energy storage capabilities for applications situated in off-grid 

environments. A comprehensive analysis of the present condition pertaining to modelling, optimisation, and 

management systems employed in the operation of distribution systems provides valuable insights for devising a 

growth strategy aimed at enhancing the alignment between demand and generation during the production phase. 

Figure 2 elucidates the novel contemporary grid, intricately interlinked with all sources, thereby furnishing a 

more astute, expeditious, and efficacious methodology to cater to the burgeoning electricity requisites. The 

underlying infrastructure serves as a critical enabler for prominent production industries, facilitating judicious 

decision-making processes and facilitating resolute actions aimed at fostering the development of a dynamic and 

fruitful economy in the forthcoming decade. The primary focus lies in ascertaining the most optimal load routing 

patterns within pre-established boundaries and anticipated outcomes. 

The populace is deemed to have established the operational boundaries of their burdens prior to arranging, 

thereby enabling the optimisation algorithm to discern optimal resolutions within the confines. The present 

inquiry concerns the contemplation of numerous loads that have been meticulously arranged to occur within a 

specified temporal interval denoted as "t." Each load is accompanied by a distinct energy requirement, denoted 

as Ei. It is important to note that the energy requirements of these loads are subject to certain constraints, namely 

the lower bound Emin and the upper bound Emax, which respectively represent the minimum and maximum 

values for the energy required. Tc denotes the temporal duration necessary to complete a full revolution within a 

24-hour temporal framework. The symbol c signifies an individual hourly cycle, while Time T designates a 

designated temporal interval. The variables Bti and Fti serve as the initial and terminal boundaries, respectively, 

encapsulating the temporal intervals within which the system is executed. 

    

 

Figure 2: Smart City and Efficient Design for Integrated Grid. 
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Furthermore, we establish the temporal parameters for the initiation of the operational activitie. 

(1) 

The Factor of Latency (FoL) serves as a discriminant between the frequencies of two instances, taking into 

account the temporal duration of their respective operations (OT). Within the confines of this particular strategic 

approach, our primary objective is to mitigate the duration of time that is typically required for intelligent 

systems to undergo enhancements, thereby engendering a heightened level of operational effectiveness. 

(2) 

The First-order Logic (FoL) shall be characterised by the assignment of numerical values, specifically 1 and 0, to 

represent its high and low states, respectively. In the initial temporal epoch, the temporal magnitude of any given 

domestic apparatus is denoted as Bti, wherein the subscript 'i' represents the specific appliance under 

consideration. Consequently, upon the commencement of the subsequent temporal phase, the temporal 

magnitude of the aforementioned appliance, denoted as FoL, shall assume a value of zero. At the onset, 

assuming an initial energy level denoted as Ei, the First Order Logic (FoL) will manifest as unity. The aggregate 

sum of the cost of the first component, denoted as FoL, in conjunction with the expenditure incurred during the 

waiting period, can be ascertained through a computational process. 

(3) 

The subsequent model delineates the waiting constraint applicable to each operating device i ∈ Di. The 

augmentation of the parameter ζi will inevitably lead to an escalation in the expenditure incurred for the purpose 

of preparation. 

(4) 

In this context, it is imperative to mitigate the rate of energy consumption and curtail the financial implications 

associated with the latency factor. Through the process of modifying the configuration, the manipulator is able to 

exercise control over the temporal dimension. By strategically setting the value of ζi to 1 for each operation i, the 

manipulator is able to effectively minimise the expenses associated with power consumption. Consequently, this 

manipulation of the scheduling process yields a modified schedule that is optimised in terms of cost reduction. 

(5) 

An optimisation problem is being run to minimise energy use while maintaining user comfort and decreasing 

waiting times. The goal is to reduce energy usage and find ideal energy schedules for the growing device to 

reduce costs and environmental impact. This research analyses 24-hour energy expenditure to save costs by 

regulating energy utilisation. Operationally, hourly expenditure is the cost per unit of time, usually in hours. This 

indicator quantifies the hourly cost of using resources or services. 

(6) 

In the context of the given scenario, it is imperative to denote that AL represents the actual load, while OL 

signifies the output load. Additionally, EUP stands for the energy unit price. Henceforth, the primary aim of the 

objective function resides in the minimization of energy costs. 
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(7) 

The data analysis indicates a notable reduction in electricity expenses. It shows that when there is high usage 

with a minimum Energy Usage Profile (EUP), it leads to lower prices. On the other hand, when there is high 

EUP with maximum utilisation, the costs are higher. The moderate state is characterised by a high level of 

consumption and the lowest level of EUP. Through meticulous analysis, the proposed system has been optimised 

to accommodate various loads, ensuring a reliable and efficient operation by minimising peaks and maximising 

overall performance. Given the rapid expansion of the human population, there has been a corresponding surge 

in electricity consumption. Unfortunately, conventional power supplies are proving inadequate to keep up with 

this escalating demand. The implementation of the smart grid (SG) is a direct response to this necessity. 

The current research on commodity markets and associated demand can be categorised into two primary 

channels. The initial type of research centres on optimising energy usage plans for utility users in response to 

retail market demand. The potential smart grid is envisioned as a hybrid infrastructure, connecting electricity 

users to both suppliers and local utility infrastructure. Local energy platforms are essential for facilitating energy 

exchanges between users and distributed energy vendors, which helps create a more responsive and efficient 

system. Micro-grids in metropolitan areas are frequently seen, with residential homes and businesses having on-

site electricity supplies and access to centralised resources such as electric vehicles. The objectives of power 

management in smart grids encompass minimising electricity costs, optimising the peak-to-optimal ratio, 

maximising user comfort, reducing consolidated energy consumption, and integrating renewable energy sources. 

Residential areas are consuming a substantial amount of energy, and their energy consumption is increasing. 

 

                             Figure 3: Illustration of cost outcomes with different utilization 

The operational challenge in smart city infrastructure involves finding the right balance between the operating 

cost of a power station connected to a renewable energy source and a storage unit linked to the main grid. The 

framework offers control over the storage device, however, deterministic techniques are considered inadequate 

for the intricate and unpredictable characteristics of renewable energy resources. The synchronisation of grids in 

real-time presents significant challenges due to the direct influence of actions on future states and potential 

measures. Optimisation at a high-definition level, with a strong emphasis on the dimensionality of iterative 

algorithms, has rendered classical deep learning algorithms impractical for use in current architectures. Egypt's 

government has launched a comprehensive roadmap for 2035, with a focus on maximising the potential of 

renewable energy and enhancing the infrastructure of the transmission system. The objective is to achieve a 20% 

power generation from renewable sources by 2022, with a subsequent increase to 42% by 2035. This will 

effectively decrease our dependence on fossil fuel-fired plants. In a hypothetical rural community in Western 

Australia, a grid powered entirely by renewable energy was proposed. This innovative system would combine 

solar PV farming with cutting-edge energy storage technologies. The study aimed to optimise the system’s 

overall costs, taking into accounts various parameters and limitations. 
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Hybrid grid networks, which combine renewable energy sources, offer a reliable electricity supply with minimal 

maintenance expenses in comparison to traditional power plants. They excel in diverse situations, seamlessly 

adapting power generation to connected devices. Adopting sustainable procurement approaches is crucial for 

enhancing hybrid grid architecture. One of the challenges involves the monitoring and synchronisation of 

different energy sources. Another issue is the potential lifespan of batteries, which can be affected by external 

factors. Additionally, there are limitations on the types of devices that can be connected to a hybrid grid. 

Continual research and development play a vital role in tackling electricity production challenges and driving 

progress in hybrid grid solutions. 

4. Conclusion 

One of the goals of a smart city is to provide its residents with a living environment that is not only secure and 

efficient but also of high quality via the coordination of resource allocation. Optimisation of resource utilisation, 

particularly in the management of power, is achieved via the seamless integration of advanced technologies. The 

process of optimising power control includes strategically organising connected equipment in order to optimise 

the amount of electrical energy that is used. One of the most important aspects of the creation of intelligent urban 

settings is the realisation that this issue has to be handled. It is necessary to acknowledge numerous possibilities 

in order to optimise energy consumption in smart cities. On the other hand, the on-going academic debate is 

geared towards the development of a ground-breaking intelligent grid design that is capable of collecting 

electrical energy from a wide range of sources, such as photovoltaic (PV), hydro, and thermal power. It is a 

delivery system that tackles the difficult challenge of real-time energy optimisation (ECRT) while taking delay 

into consideration. This innovation is a delivery system. Adjusting energy expenditure in real time to demand 

and supply is what real-time energy optimisation does. The objective of this project is to develop a smart grid 

architecture that is capable of efficiently managing electrical operations and incorporating a wide range of 

resources that are environmentally friendly. The essay has a focus on making an energy distribution system as 

efficient as possible and models sustainable energy that comes from natural sources. Increasing the energy 

efficiency of smart cities is one of our primary objectives. As it has been suggested, the hybrid smart grid is a 

framework for the effective management of energy resources that incorporates the many features of energy 

production sources and the optimisation of real-time energy expenditures. The purpose of the system is to 

enhance resource allocation while maintaining a commitment to sustainability. This will be accomplished via the 

harmonious blending of sustainable energy sources and novel control mechanisms. In the context of a 

technologically evolved urban environment, this erudite essay provides an explanation of the ideas and solutions 

behind new intelligent energy systems. In intelligent urban environments, real-time energy optimisation and the 

use of sustainable energy sources are examples of an on-going commitment to enhancing performance, reducing 

resource consumption, and promoting sustainable design. 
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