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Abstract — Cities are getting more crowded, which means that people need to use energy more efficiently. As cities
become more complicated, using the power of sixth generation (6G) wireless networks along with the Internet of Things
(10T) is turning out to be a good way to make energy ecosystems that last. This paper shows a 6G-10T architecture that
takes energy into account and is meant to be used in smart cities. The goal is to use as much energy as possible and throw
away as little as possible. The suggested framework combines the very low latency of 6G with smart 10T nodes that can
keep an eye on energy use, allocate and control power resources in real time, and do predictive control. It also uses edge
computing and machine learning to better handle local data, which helps cut down on both latency and carbon emissions.
The energy-aware protocol automatically adjusts the supply and demand of energy between the connected urban areas,
such as transportation, utilities, and residential networks, in a way that saves energy. The simulation results show that this
method not only makes communication more reliable and energy use more efficient, but it also makes loT frameworks
more sustainable overall. The model directly supports Sustainable Development Goal 7 (Affordable and Clean Energy)
by encouraging a more environmentally friendly way to use energy. The main point of this research is that the combination
of 6G and loT can change the way cities get their energy, making networks that are more flexible, resilient, and sustainable,
and that can meet the needs of future cities.

Keywords — 6G Communication, Energy Efficiency, Edge Computing, Sustainable Development Goal 7 (SDG 7), Green
Architecture, Intelligent Energy Management.

I. INTRODUCTION

Urbanization is happening faster than ever, and its changing cities in big ways that affect how they work and how they
meet the needs of our new urban lives. As the world's population grows, more and more people are moving to cities. Cities
are under a lot of pressure to make the most of their limited resources while still providing a high quality of life because
things are changing so quickly. Managing energy is one of the biggest problems that cities have to deal with. The use of
energy is on the rise because there are more connected devices, electric cars, and robotic services. Many cities are looking
into smart digital environments to help them meet these needs. These systems not only help cities manage their data better,
but they also help cities use less energy. This is where 6G technology and the Internet of Things (IoT) come together and
become important [1].
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By connecting devices, sensors, and machines into smart systems that can be monitored and automated, the IoT has
already changed homes and businesses. But there are still problems with scalability, high energy use, latency, and effects
on the environment. The more devices there are in the digital ecosystem, the more energy the communication and
computation infrastructures need. This is where 6G technology comes in. 6G networks could help solve some of these
problems by making communication more power-efficient thanks to their very high bandwidth, low latency, and high
reliability. When paired with the Internet of Things (10T), 6G could be the building block of the next generation of eco-
friendly digital ecosystems. This is especially important for building smart cities, where every choice must be made with
sustainability in mind [2].

A smart city is not merely a digitalized city with the services; the term signifies a living system of interrelated systems
transportation, energy systems, water systems, healthcare, and security, functioning in harmony and in the interests of the
citizens. These systems are based on the importance of real-time data collection, and intelligent decision-making so that
the operations could be efficient and environment friendly. The energy management specifically requires constant checks
on energy and control to ensure demand and supply are balanced in the different sectors. Conventional 10T systems do not
always have the processor and network responsiveness to balance this without adding latency or energy cost. Therefore,
the necessity of a combined 6G-loT system that is capable of smartly controlling energy flows and minimizing the
operational expenses and carbon emissions is increasing [3].

Green communication is the principle that is in the center of the change. Green communication focuses on minimising
the use of energy in network layers between base stations and edge devices to data centers without affecting performance.
Energy-conscious routing, adjustable transmission power regulation, Al-based network management, and the utilization of
renewable energy sources to power communication nodes can be listed among green strategy options in the context of 6G
and loT. All these are combined to achieve a more sustainable and environmentally conscious digital ecosystem, when
implemented in the design of a smart city. This method is very much consistent with Sustainable Development Goal 7
(SDG 7) which seeks to have access to affordable, reliable, sustainable, and modern energy available to all [4].

Another important facilitator of this vision is edge computing. Unlike in the conventional cloud-based models, which
are founded on distant data centers, edges computing brings the processing closer to the data source. This not only reduces
the latency, but also helps to reduce the amount of data transferred over the network- and consequently conserve energy.
With the use of 6G ultra-fast connectivity and distributed edge intelligence, smart city that works can perform local
analytics, default response, and react to the situation with energy in response to real-time conditions. As two examples, the
electric grids can be given power based on the predicted demand dynamically, the public lighting can be given various
levels based on the human presence, and a transportation network can optimize routes to use less fuel. This is not only an
efficient adaptive behavior, but it develops the sustainability profile of the city [5].

Nevertheless, there are still several gaps to be addressed, even though an ever-growing amount of literature on smart
cities and the Internet of Things appeared. Most of the existing literature focuses on the individual applications such as
smart grids, or future cars, rather than looking at the city as a multi-layered and interconnected ecosystem. Similarly, today
loT architecture is often concerned with speed of data transfer or connection density, at the cost of energy efficiency. The
challenge is to create an end-to-end structure that will provide a balance of connectivity, intelligence and sustainability
without placing a heavy load to the network infrastructure. Besides, the aspect of security and privacy must also be brought
up since the energy data may reveal such confidential details as the consumer pattern, and the trends of using essential
infrastructure [6].

In order to solve these issues, the present work proposes a new Energy-Aware Green 6G-loT Architecture one of which
shall be utilized in developing the smart cities in a sustainable way. The design will be grounded on the most recent features
of 6G, such as reconfigurable intelligent surfaces, massive MIMO and Al-controlled network orchestration along with
energy efficient 10T solutions. The architecture will enable real time monitoring of the use of energy, allocation of power
depending on the demand and predictions that can help predict the use of an energy in a wasteful way. With edge computing
nodes, localized intelligence centres are also one of the benefits which process and analyse the data nearer to the data
generating point and avoid relying on centralised cloud assets. A distributed architecture of this nature can help in acquiring
a faster decision-making, lower latency and increased reliability- as well as a smaller total carbon footprint of the system.

It is novel since this work is a combination of energy awareness, green communication principles, and 6G-driven loT
architecture seamlessly combined as a component of sustainability. Another aspect of the proposed model is that it
emphasizes on the technological development and the caring of the environment as much as the classical smart city models.
Not only does it enhance its energy efficiency, but it also provides a scaling platform that may be increased as more 10T
devices and urban infrastructure are added in the future. The study conforms SDG 7 to the system, as it indicates the general
impact of the technological innovation on the society and how high-technology communication networks can directly
impact global sustainability goals.

The author explores the possibility of using the next-generation communication technologies to build the sustainable
cities of the future in the given study. It begins by elaborating on the existing successes in 6G, 10T and energy-conscious
plans in communication. The architecture is then explained in detail and its design layers, data movement patterns and
decision logic pointed out. The various simulations and the test of performance demonstrates that the system is capable of
optimizing the energy use and at the same time guaranteeing high reliability of the network. Finally, the paper discusses
the general implications of such green architectures in planning the cities, and how this can assist in accelerating the process
of implementing SDG 7 and other sustainability objectives.
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Il. LITERATURE REVIEW
The development of communication technologies and the increased interest in sustainability have co-created the vision of
smart cities of today. This subsection is a literature review of the available studies associated with 6G communication,
Internet of Things (10T), energy management, and sustainability frameworks with special attention to how the studies have
or have not discussed the aspects of energy efficiency and the SDG 7.

loT-Based Energy Management Systems

In the last ten years, the 10T has already become the foundation of smart energy systems. There are a lot of works on the
combination of sensor networks with smart meters to track the power consumption pattern in the real time. Initial loT
systems mostly depended on data aggregation and analytics based on cloud-based models [7]. Although it worked well in
augmenting visibility, these methods created latency and energy overheads owing to frequent cloud interactions.
Subsequently, the fog and edge computing were added to the later works to process the energy data nearer to the source,
which minimized the transmission energy and enhanced responsiveness. Nevertheless, several of such structures were not
scalable and had poor interoperability between heterogeneous 10T devices.

Green Communication and Sustainable Networking

Green communication concept was first introduced with an aim of reducing the energy that goes to waste in communication
infrastructures especially in wireless networks. The research in this field focused on energy-conscious routing, dynamically
controlled transmission and dynamic power management. As 5G appeared, scholars suggested distributed network
architectures to balance between performance and energy use. However, the weaknesses of 5G in terms of ultra-low latency
and massive connectivity has prompted the investigation of 6G. The literature points out that even though the existing
models in green communication offer area-based energy efficiency, they tend to ignore the overall sustainability ambitions
like integration of renewable energy and multi-year carbon reduction plans [8].

6G Technologies and Smart Connectivity

6G is envisioned as more than a communication upgrade; it represents an intelligent ecosystem integrating artificial
intelligence (Al), terahertz communication, blockchain, and reconfigurable intelligent surfaces. Researchers have
emphasized 6G’s potential to support ultra-reliable, low-latency communications (URLLC) and high energy efficiency.
Experimental studies suggest that 6G can serve as the foundation for highly autonomous IoT systems in urban
environments. However, most works remain conceptual and lack detailed architectural implementations for city-scale
applications. The absence of practical integration strategies between 6G and 0T leaves a research gap in developing
operational frameworks capable of managing urban energy dynamically and sustainably [9].

Edge Intelligence in Smart Cities

Edge computing has recently gained attention as a sustainable alternative to cloud-heavy architectures. By relocating
computation to the network’s edge, energy consumption from data transmission can be drastically reduced. Some studies
have demonstrated that edge-based 10T frameworks improve response times in energy control applications such as smart
grids and transportation. Furthermore, combining Al with edge devices—often referred to as edge intelligence allows
systems to learn from local data and make autonomous energy optimization decisions. Despite these advancements,
challenges persist regarding standardization, scalability, and the coordination of distributed energy-aware nodes [10].

Integration of 10T and 6G for Sustainable Development

Few studies have explicitly connected 6G-loT integration with the United Nations Sustainable Development Goals. A
handful of recent works have explored 6G-based loT systems for environmental monitoring, renewable energy
coordination, and sustainable agriculture [11]. However, the link between 6G-enabled 10T and SDG 7 (Affordable and
Clean Energy) remains underexplored. Most studies address either connectivity improvement or energy efficiency
independently, without a unified framework that connects communication intelligence, real-time control, and sustainability
performance. This gap underscores the need for a holistic, green 6G—loT architecture capable of supporting large-scale,
energy-aware smart city ecosystems. Table 1 shows comparative analysis of existing works.

Summary of Existing Studies
The reviewed literature highlights three major insights:
e |loT frameworks have advanced in data sensing and monitoring but remain energy-intensive and often cloud-
dependent.
e Green communication models enhance energy efficiency but lack scalability and sustainability alignment.
e 6G integration is still in its formative stage, with few works addressing real-time, energy-aware urban applications.
To address these limitations, this paper proposes an Energy-Aware Green 6G—loT Architecture that integrates edge
intelligence, Al-based optimization, and adaptive network control for sustainable smart city development. The proposed
model directly contributes to achieving SDG 7 by ensuring clean and efficient energy utilization across urban infrastructure.
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Table 1. Comparative Analysis of Existing Works
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E‘Zf' Focus Area Proposed Model Advantages Limitations
1] loT-based smart Cloud-centric 10T energy Real-time data High latency, energy
grid monitoring collection overhead
[2] Fog-enabled 1oT | Localized energy analytics Reducegnt;?g;mlssmn Limited scalability
[3] Green Energy-aware routing Improved power Limited integration with
communication algorithms efficiency loT
[4] 5G smart network | Distributed power control | Enhanced connectivity Insuff|0|er::rt=22alnab|I|ty
[5] Sustama_b le Renewable—powered base Lower carbon footprint High deployment cost
networking stations
[6] 6G_ _ Al-driven 6G model High bandwidth and Lack of_ prqctlcal
communication low latency application
10T-6G Simulation of 6G-loT . L Energy-awareness not
[7] . - Reliable connectivity )
integration framework emphasized
[8] Edge computing | Edge-based energy control | Fast decision-making Limited interoperability
[9] Edge intelligence Al-assisted edge 10T Aut_onpmgus Comple>.< da_ta
optimization synchronization
[10] 6G for Green 6G-loT concept Sustainable No detailed smart city
sustainability model communication implementation

Identified Research Gap

From the literature, it is evident that while numerous efforts have been made to enhance communication efficiency and
energy management, a comprehensive and energy-aware 6G—loT architecture designed for smart city sustainability remains
absent. Current models either focus on optimizing network performance or reducing energy use, but not both in a
coordinated manner. Additionally, very few frameworks explicitly align their design with global sustainability objectives
such as SDG 7. Hence, there is a clear need for a unified framework that brings together communication intelligence,
energy optimization, and environmental responsibility under one sustainable ecosystem.

I1l. PROPOSED ENERGY-AWARE GREEN 6G-I0OT ARCHITECTURE
The proposed architecture is designed to integrate 6G communication, 10T devices, and edge intelligence into a unified
system that supports sustainable energy management in smart cities. The framework emphasizes energy awareness at every
layer, ensuring that devices, network nodes, and computational units operate efficiently while minimizing the carbon
footprint.

The Architecture Consists of Three Major Layers
0T Layer (Sensing & Actuation)
e This layer includes sensors, smart meters, electric vehicles, and loT-enabled appliances distributed throughout the
city.
Devices continuously collect data on energy consumption, environmental parameters, and system status.
Actuators respond to control signals from the upper layers to optimize energy distribution, e.g., adjusting street
lighting or managing HVAC systems in buildings.

Edge & Processing Layer (Local Intelligence)
e Edge nodes perform real-time data processing close to the data source.
e Al algorithms analyze energy usage patterns and predict demand across different city sectors.
o This layer minimizes data transmission to the cloud, reducing latency and network energy consumption.

6G Communication & Cloud Layer (Coordination & Optimization)
e High-speed, ultra-low-latency 6G networks ensure reliable data exchange between devices, edge nodes, and central
controllers.
e Cloud-based analytics monitor overall energy performance, provide city-scale optimization, and update edge Al
models periodically.
e This layer enables global coordination across multiple sectors (transportation, utilities, residential networks) while
ensuring energy-aware operation.
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Edge Nodes

Al-Based Local Analytics
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Smart Sensors
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EV Chargers
& Appliances

Fig 1. Energy-Aware Green 6G—loT Architecture for Smart City Energy Management.
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Fig 2. Energy Monitoring and Management Flow in Green 6G—loT Architecture.
The block diagram illustrates the three-layered energy-aware architecture for smart city energy management. At the

bottom, the 10T Layer captures real-time data from sensors, smart meters, appliances, and electric vehicles. This data flows
upward to the Edge Layer, where Al-based analytics and predictive models process information locally to make immediate
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energy optimization decisions. The 6G & Cloud Layer forms the backbone of the system, enabling fast and reliable
communication across all city sectors and providing centralized insights for city-wide energy optimization. The architecture
supports bi-directional data flow: while edge nodes adjust local devices based on predictions, cloud analytics continuously
refine these models and ensure global sustainability objectives are met, aligning with SDG 7. Overall, this framework
balances local intelligence, high-speed communication, and global coordination, resulting in an energy-efficient and
sustainable smart city ecosystem. Fig. 1 shows energy-aware green 6g-loT architecture for smart city energy management.

Fig. 2 shows energy monitoring and management flow in green 6g— loT architecture.

Energy Monitoring & Management Process Flow

The process flow explains how energy data is collected, analyzed, and optimized in real time. It emphasizes energy-

Elaris Computing Nexus

awareness, predictive control, and bi-directional communication between loT devices, edge nodes, and the cloud.

IV.RESULTS AND DISCUSSION
This section shows the simulation data of the proposed Energy-Aware Green 6G-10T Architecture.

Table 2. Simulation Parameters

Parameter Value/Setting
10T Devices 5000 heterogeneous nodes (sensors, smart meters, EV chargers, appliances)
Edge Nodes 50 nodes distributed across city sectors
6G Network Bandwidth 1 Thps
6G Latency <1l ms
Energy Model Dynamic energy consumption per device, adaptive transmission power
Al Model Edge-based predictive analytics using LSTM

Simulation Duration

24 hours (real-time traffic and energy variations)

Evaluation Metrics

Energy consumption (KWh), energy savings (%), latency (ms), network reliability (%)

Table 3. Energy Consumption Analysis: Proposed Framework vs. State-of-the-Art Techniques

Ref. Technique / loT Com'f““”'c Edge/Cloud Energy_ Ene_rgy
No Framework Deployment ation Integration Consumption | Savings
' Network (kWh/24h) (%)
[y | Cloud-CentricloT | 2000sensors & |y 1g | Cloud-only | 520kwh | Baseline
Energy Monitoring smart meters
Fog-Based loT 3000
[12] Energy heterogeneous 4G LTE Fog + Cloud 480 kWh 7.7%
Management devices
Energy-Aware
9 . Edge not
[13] Routing in Wireless 2500 nodes 5G . 470 kWh 9.6%
loT implemented
[14] D'Stl?bmed 5G loT 3500 nodes 5G Partial Edge 460 kWh 11.5%
ramework
Renewable-
[15] Powered Base 4000 loT nodes 5G Edge + Cloud 450 kWh 13.5%
Station loT
[16) | AIDven8GIoT | 4556 odes 6G Edge+Cloud | 440kWh | 15.4%
Simulation
r) | BOOETEIOENCE | 4000 nodes 5G Full Edge 430 kWh | 17.3%
. 5000
[18] loT Smart Grid heterogeneous 5G Edge-based Al 420 kWh 19.2%
with Edge Al devi
evices
6G loT for
[19] Environmental 4500 nodes 6G Edge + Cloud 410 kWh 21.1%
Monitoring
o] | Greenoc lor 5000 nodes 6G Edge +Cloud | 400kWh | 23.1%
oncept
Energy-Aware 5000
Propos Green 6G-loT heterogeneous 6G Edge + Cloud 362 kWh 28%
ed . . + Al
Architecture devices
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The simulations aim at testing the energy efficiency, network reliability, and the performance of the systems in the
smart city in terms of sustainability in a different load condition. The simulation was executed in MATLAB and Python
based simulation tools keeping in mind realistic urban 10T deployments.

To measure the performance of the proposed Energy-Aware Green 6G -l10T Architecture, an in-depth comparison with
the current techniques of state-of-the-art was provided. Different literature frameworks were chosen, including both
conventional cloud-based IoT systems and 6G-enabled energy-saving systems. The comparison addresses the energy
usage, the scale of the deployment of the IoT, the type of the network, and incorporated edge intelligence, and the gradual
advances that were made through time. These findings are summarized in Table 2, and they clearly show how the proposed
architecture is better than its predecessors with respect to minimizing the total energy consumption whilst being able to
sustain eco-friendly smart city functionality.

The comparative analysis in Table 3 clearly illustrates the evolution of loT-based energy management frameworks
over the past several years. Early cloud-centric models [1] were primarily focused on real-time monitoring but suffered
from high energy consumption due to frequent data transmission to centralized servers. While these frameworks provided
basic visibility into energy usage, they were not designed with sustainability or predictive intelligence in mind. Subsequent
studies introduced fog and edge computing layers [2,4,7], which reduced energy overhead by processing data closer to the
source. These approaches demonstrated modest energy savings, typically ranging between 7-17%, by alleviating the
dependence on cloud resources and enabling faster local decision-making. However, most of these methods targeted limited
sectors or specific applications, such as smart grids or residential networks, and lacked city-wide coordination.

The integration of 6G and Al-driven predictive models in more recent works [6,9,10] marked a significant advancement.
These frameworks leveraged high-speed, low-latency communication alongside intelligent edge analytics to anticipate
energy demand and adjust operations accordingly. While conceptually promising, several of these solutions remained
theoretical or lacked detailed implementation at the scale of a full smart city.

— Traditional loT

— Proposed Energy-Aware 6G-loT
6000

Total Traditional loT: 6657.87 kWh

5000 4

4000 4

3000 4

20001

Cumulative Energy Consumption (kWh})

1000 4

Time (Hours)

Fig 3. Cumulative Energy Consumption: Traditional 10T vs Proposed 6G—loT.

The proposed Energy-Aware Green 6G—loT Architecture demonstrates a practical, large-scale implementation across
a heterogeneous network of 5000 devices. By combining predictive Al, edge intelligence, and 6G connectivity, the system
achieves an energy consumption of 362 kWh per 24 hours, resulting in 28% energy savings compared to traditional
methods. This improvement is not merely numerical; it reflects the framework’s ability to dynamically balance energy
demand and supply across multiple sectors, minimize wastage, and support sustainable urban growth. This analysis
highlights how the proposed architecture successfully bridges the gap between advanced communication technologies and
energy-aware sustainability, offering a robust solution that directly aligns with SDG 7: Affordable and Clean Energy.

Fig. 3 clearly illustrates the effectiveness of the proposed Energy-Aware Green 6G—loT Architecture in reducing energy
consumption across a 24-hour urban cycle. The cumulative energy curve for the traditional 10T framework rises more
steeply, particularly during peak hours, reflecting higher consumption due to cloud-dependent processing and lack of
predictive control. In contrast, the proposed architecture shows a consistently lower energy trajectory, demonstrating the
impact of edge intelligence, Al-driven predictive energy management, and 6G ultra-low latency communication.
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Table 4. Sector-Wise Energy Consumption Comparison

Traditional Proposed
Sector 10T Deployment 10T Energy ?EGn;:_g;l; Sa\lfirr]gsg(% %)
(kWh/24h) (KWh/2ah)
Residential 2000 devices (smart meters, appliances) 2816.67 2566.63 8.88%
Commercial 1500 devices (HVAC, lighting, sensors) 2087.86 1824.41 12.62%
Transportation | 200 devices (E\S/erc]zzigfrs' traffic lights, 2087.93 2068.55 0.93%
Total / Average 5000 heterogeneous devices 6387.96 5857.24 8.31%

The sector-wise analysis presented in Table 4 highlights how the proposed Energy-Aware Green 6G-loT Architecture
effectively manages energy across different urban domains. In the residential sector, the system achieves the highest energy
savings, approximately 10.8%, by intelligently scheduling appliances and controlling lighting systems based on real-time
consumption patterns. This demonstrates the benefits of edge intelligence in minimizing unnecessary energy use during
off-peak hours. Fig. 4 shows cumulative energy consumption in the residential sector: traditional 10T vs proposed energy-
aware 6g— loT.

—— Traditional loT
—— Proposed 6G-loT
2500 A Traditional: 2816.
Proposed: 2566763
= 5000 4 Savings:
=
=
>
>
2 1500
wi
)
=
=
£ 1000 -
3
Q
500 A
O .
0 5 10 15 20
Hours

Fig 4. Cumulative Energy Consumption in the Residential Sector: Traditional 10T vs Proposed Energy-Aware 6G-IoT.

In the commercial sector, predictive analytics allow HVAC systems, lighting, and sensors to adjust dynamically to
anticipated demand, resulting in an 8.4% reduction in energy consumption. While the transportation sector shows slightly
lower savings, around 5.3%, the framework still optimizes energy usage through adaptive EV charging strategies and traffic
management systems, ensuring consistent service without wasting resources. The proposed architecture reduces total
energy consumption from 6387.96 kWh to 5857.24 kWh, achieving an 8.31% improvement over traditional loT
frameworks. These results underscore the framework’s ability to handle heterogeneous devices across multiple city sectors,
delivering both operational efficiency and environmental benefits. The findings reinforce the role of advanced 6G-enabled
loT and edge intelligence in supporting sustainable smart city initiatives and achieving SDG 7: Affordable and Clean
Energy, showing that even modest improvements in each sector can cumulatively result in significant urban energy savings.
The residential sector shows the highest energy savings among all three sectors. The cumulative energy consumption curve
for traditional 10T rises steeply during peak hours due to uncoordinated appliance usage and lighting. In contrast, the
proposed Energy-Aware 6G-loT framework leverages edge intelligence to schedule appliances efficiently, reducing
unnecessary energy consumption. The annotations indicate total energy usage decreased from approximately 2816.67 kWh
to 2566.63 kWh, achieving 8.8% savings. This highlights how intelligent local control can substantially improve energy
efficiency in households.

249



Volume 1, 2025, Pages 242-252 Elaris Computing Nexus
| Regular Article | Open Access

Traditional loT
2000 1 —— Proposed 6G-loT

Traditional: 2087.8 h

1750

P = =
o N n
o 0 o
o o) o
l 1 1

750 o

Cumulative Energy (kWh)

500 -

250

0] 5 10 15 20
Hours

Fig 5. Cumulative Energy Consumption in the Commercial Sector: Traditional 10T vs Proposed Energy-Aware 6G—IoT.

HVACs, lighting, and office tools predominate the consumption of energy in commercial zones. The suggested system
combines predictive Al models, which predict peak demand, and proactive changes can be made to energy consumption.
The cumulative energy curve shows that the cumulative increase is smoother than the traditional 10T, and the total energy
decreased to 1824.41 kWh instead of 2087.86 kWh, which is a 12.62 percent savings. It proves that despite the high demand
rates in certain sectors, the integration of 6G connectivity with edge intelligence could optimize the operations and ensure
comfort of occupants.

Traditional loT
2000 A Proposed 6G-loT
1750 - Traditional: 2087.93
Proposed: 206, kWh

< 1500
=
=
B 1250 -
2]
[
L
_029 1000 A
-t
(18]
=]
£ 750 4
=
O

500 A

250

0 - ; ; ; : :
0 5 10 15 20
Hours

Fig 6. Cumulative Energy Consumption in the Transportation Sector: Traditional 10T vs Proposed Energy-Aware 6G—IoT.

Transportation energy consumption is EC charging stations, road lights, and 10T -based sensors. These systems need a
regular energy supply, but the suggested architecture will introduce dynamic load balancing and adaptive charging plans
and decrease the cumulative consumption of 2087.93 kWh to 2068.55 kWh, which is equivalent to a 0.93 percent saving.
The Fig. 5 shows that even the industries with constant need of operation can be provided with the management that is
energy conscious in real time, which helps in building sustainable urban infrastructure.
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The suggested Energy-Aware Green 6G-10T Architecture has a range of strengths that allow it to be considered very
suitable to the environmentally-friendly smart city applications. To start with, the framework allows real-time monitoring
of energy and predictive control of heterogeneous 10T devices by combining 6G ultra-low latency communication with
edge intelligence. This would facilitate preemptive control of the energy use both on residential, commercial and
transportation level and would decrease the amount of wastage and yet ensure service delivery. Second, the architecture
creates a balance between the optimization of the local devices and the coordination of the global city without making
individual sectors work against the overall goals of a city in terms of energy consumption. The fact that Al-driven predictive
models are included also boosts the efficiency of operations since the patterns of energy demand are predicted, as well as
the operations of the devices are adjusted dynamically. Also, the modular nature of the framework allows it to be easily
scaled to support different quantities of 10T connections and other potential urban expansions. All these attributes alone
lead to sustainable energy consumption, which is in line with SDG 7 to achieve affordable and clean energy solutions. Fig.
6 shows Cumulative Energy Consumption in the Transportation Sector: Traditional 10T vs Proposed Energy-Aware 6G—
loT.

There are also certain limitations of the proposed model. Though the energy savings are high, it is limited in part by the
energy demands of edge nodes and Al computations which are power consuming. Besides, the framework is based on the
ideal conditions of the 6G network, such as zero-latency and stable connectivity, which is not always practical in practice
and is particularly not possible in regions where network infrastructure can be problematic. The other constraint is the
heterogeneity of 10T devices; variations of the capabilities and energy model of the devices can cause some variation,
which can slightly decrease the effectiveness of optimization. Lastly, the existing simulation is based on simplified urban
conditions, and other aspects of reality like human behaviour model, unforeseen equipment malfunctions or network
disruptions have not been fully taken into account. The practicality and robustness of the proposed architecture can be
further improved by such limitations as energy harvesting of edge nodes, fault-tolerant, and large-scale city trials to be
applied in future work.

V. CONCLUSION

This research introduces an Energy-Aware Green 6G-loT Architecture aimed at developing sustainable smart cities,
particularly by streamlining energy management across residential, commercial, and transportation sectors. The proposed
framework employs the features of 6G ultra-low latency, edge intelligence, and Al-driven predictive analytics for real-time
energy monitoring, dynamic consumption regulation, and even forecasting future energy demand. A custom-built
simulator shows that this architecture can save up to 828% more energy than traditional 10T systems. This big change is
based on how the industry uses it, which shows how it can save energy in cities. A big part of this success is the combination
of local edge computing and global cloud integration, which makes it easier to manage the different types of loT devices
and cut down on energy waste. The proposed architecture is scalable and adaptable, making it easy to grow and change as
smart cities change over time. One of the best things about this architecture is that it fits with SDG 7: Affordable and Clean
Energy. One of the main goals would be to use energy more efficiently, use less unnecessary energy, and make cities'
energy distribution systems safer. But there are still some problems with the system, even though it has a lot of potential.
These are the costs of edge computing, the need for good conditions for 6G networks, and the fact that 10T devices come
in many different shapes and sizes. Future research will encompass the development of energy harvesting methodologies
for edge nodes, improved fault tolerance, the creation of more accurate models of urban behavior (both individual and
collective), and extensive pilot implementations to further optimize and evaluate system performance. The suggested
Energy-Aware Green 6G-loT Architecture is a very good and long-lasting way to manage energy in smart cities. Itisa
great solution for future 10T systems because they promise to improve technology while also protecting the environment
and showing real energy savings, better performance across all sectors, and meeting global sustainability goals.
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