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Abstract: Educational institutes are massive consumers of electricity, driven by fluctuating occupancy
rates, extensive campus infrastructures, and varying climatic demands. Traditional energy
management systems often fail to optimize power consumption dynamically, leading to significant
financial waste and an unnecessarily high carbon footprint. This study proposes an Artificial
Intelligence (Al)-based smart energy management system designed to monitor, predict, and reduce
electricity consumption across campus facilities. Utilizing a network of IoT sensors and machine
learning algorithms—specifically recurrent neural networks (RNNs) for predictive load forecasting
and reinforcement learning for automated HVAC and lighting control—the system autonomously
adjusts energy distribution based on real-time occupancy, weather forecasts, and historical usage
patterns. The proposed framework aims to transition educational institutions toward sustainable
energy operations while maintaining occupant comfort. When Al takes the helm of an educational
institute's energy management, the expected results extend far beyond a line-item reduction on a
monthly utility bill.
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I. INTRODUCTION
For decades, educational institutes have operated as energy sieves. Caught between aging infrastructure, fluctuating
occupancy rates, and spiraling utility costs, campus administrators have traditionally relied on blunt-force conservation
methods: asking students to "turn off the lights" via passive posters or setting static thermostats that leave classrooms
either shivering or sweating.
Enter the era of Smart Energy Management (SEM). By fusing Internet of Things (IoT) sensors, edge computing,
machine learning, and automated control systems, technical institutions are transforming from energy-guzzling cities-
in-miniature into dynamic, responsive, and ultra-efficient ecosystems.[1-10]
Here is how cutting-edge technical strategies are rewriting the blueprint for energy consumption in educational
institutions.

a. [oT Sensors and Occupancy-Driven Automation

Static schedules are the enemy of efficiency. A history lecture scheduled for Tuesday at 10 AM might be canceled, but
a traditional HVAC and lighting schedule doesn't know that—so it conditions the room anyway.

Smart energy management replaces dumb timers with responsive awareness. By deploying a mesh network of low-
power wireless 0T sensors—combining Passive Infrared (PIR), ultrasonic, and carbon dioxide (CO,) detectors—
buildings can finally "see" who is inside[11-25].

Demand-Controlled Ventilation (DCV): Instead of pumping a fixed volume of fresh air into a lecture hall, CO, and
occupancy sensors dynamically adjust airflow. If a room is at 20% capacity, the ventilation rate drops, drastically
cutting the thermal energy required to heat or cool outside air.
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Micro-Zoning: Lighting and climate control are broken down from wing-level or floor-level into micro-zones. If a
study group occupies only one corner of a sprawling library, localized LED ballasts and localized VAV (Variable Air
Volume) boxes activate exclusively for that sector.

b. Al and Predictive Load Forecasting

Reactive energy management waits for conditions to change; predictive management anticipates them. By feeding
historical weather data, real-time occupancy schedules, smart-meter telemetry, and even local transit strike schedules
into machine learning models, institutions can achieve predictive load forecasting[26-45].

Pre-Cooling and Pre-Heating Strategies: Al algorithms can determine the exact thermal inertia of a building. Instead
of cranking the AC at 8 AM when students arrive, the system calculates the optimal time—say, 6:30 AM—to pre-cool
the building using off-peak, cheaper electricity rates, allowing the thermal mass of the concrete structure to coast
through the afternoon peak without straining the grid.

Peak Shaving: Utility companies often charge exorbitant rates for exceeding specific power thresholds (demand
charges). Smart EMS (Energy Management Systems) monitor the institute’s aggregate load in real-time. If the system
predicts a demand spike, it can temporarily dim non-essential hallway lights by 10% (imperceptible to the human eye)
or cycle off heavy-duty equipment for brief intervals, effectively flattening the demand curve.

c. The Digital Twin:

One of the most powerful technical leaps in campus energy management is the Digital Twin—a real-time, high-fidelity
virtual replica of the campus’s physical infrastructure.

Using Building Information Modeling (BIM) data layered with live IoT feeds, facility managers can visualize energy
flow across the campus in a 3D interface. If a specific classroom suddenly starts drawing 40% more power than
baseline, the digital twin flags the anomaly immediately. It could indicate a failing compressor in the heat pump, a short
circuit, or a janitor leaving heavy equipment plugged in. This shifts maintenance from reactive (fixing it when it
breaks) to prescriptive (fixing it before efficiency degrades)[46-54].

d. Tackling the "Vampires':

Plug loads—devices plugged into standard wall outlets, from vending machines and microwave ovens to research
equipment and projector setups—account for up to 30% of an educational building’s electricity consumption. Much of
this is "phantom load" drawn while devices are on standby.

Technical institutes are neutralizing this through:

Smart Receptacles and IoT Power Strips: Outlets equipped with current-sensing technology automatically cut power
to peripherals (like monitors and printers) when the master device (the desktop computer) goes to sleep.

Scheduled Circuit Interruption: Non-critical laboratory benches and administrative printing stations can be
programmatically cut off from power arrays between 8 PM and 6 AM, ensuring that forgotten equipment doesn't draw
power overnight.

e. Microgrids and Renewable Integration

Many technical institutes are no longer just consumers of energy; they are prosumers. By integrating rooftop
photovoltaics (solar panels), small wind turbines, and Battery Energy Storage Systems (BESS), campuses are building
localized microgrids.

Smart energy management is vital here to orchestrate supply and demand:

Peak Shifting with BESS: Solar energy harvested during midday lectures can be stored in lithium-ion or flow batteries
and discharged during late-afternoon campus events when solar generation drops but occupancy peaks.
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Vehicle-to-Grid (V2G) Integration: As campus parking lots fill up with electric vehicles (EVs), smart charging
stations can act as distributed storage. During high-demand grid emergencies, the institute’s EMS can temporarily draw
a small fraction of energy back from parked EVs, returning it later when the grid stabilizes.

Technology is only as effective as the culture surrounding it. The most advanced technical systems

feed their data back to the occupants. By deploying smart dashboards in student unions and dormitories—displaying
real-time energy consumption, carbon footprints, and friendly inter-dorm energy reduction competitions
(gamification)—institutes bridge the gap between automated systems and human behavior. When students can visually
trace how leaving a window open spikes their dorm's energy draw on a mobile app, passive habits transform into active
stewardship.

Reducing electricity consumption in educational institutes is no longer about asking students to wear sweaters in the
winter or sweating through finals in July. Through the marriage of IoT, artificial intelligence, digital twins, and smart
microgrids, technical efficiency has become invisible, seamless, and deeply intelligent[55-65].

For universities and schools, adopting smart energy management isn't just a line-item financial victory—it is a living,
breathing laboratory of sustainability, teaching the engineers and leaders of tomorrow how to power the future without
burning the planet down.

1.1 Why AI?
Al Use Cases for Campus Energy Optimization
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Figure 2: Why Al in Smart Energy
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Walking through a modern university or technical institute, you are met with a hum of relentless activity: lecture halls
glowing with projectors, massive server rooms churning out computational power, laboratories running fume hoods
around the clock, and miles of corridors illuminated long after the last student has left.

Educational institutes are essentially micro-cities. Yet, for all their focus on cutting-edge research and sustainability
curriculum, their physical infrastructure is often shockingly archaic when it comes to energy management. Traditional
Building Management Systems (BMS) operate on dumb, static schedules—turning the HVAC on at 6:00 AM and off at
6:00 PM, regardless of whether a lecture hall is packed with 300 students or completely empty.

Enter Artificial Intelligence. By transitioning from rigid automation to predictive, adaptive Al-driven smart energy
management, educational institutes can slash their electricity consumption, shrink their carbon footprints, and redirect
millions of dollars from utility bills back into education and research. Here is a technical look at how Al is rewriting the
rules of campus energy consumption as shown in Figure 2.

a. Predictive Load Forecasting via Machine Learning

Traditional thermostats react to current temperatures. Al anticipates them.

By ingesting historical energy consumption data, weather forecasts, real-time campus schedules, and even local traffic
data, Machine Learning models (such as Long Short-Term Memory [LSTM] neural networks) can accurately predict
electricity demand hours or days in advance.

The Technical Mechanism: An LSTM network excels at processing time-series data. It analyzes patterns—
recognizing that energy demand spikes during mid-term weeks, drops during holidays, and surges in specific labs when
heavy machinery powers up.

The Savings: Instead of ramping up chillers and boilers reactively, the system pre-cools or pre-heats buildings during
off-peak hours when electricity is cheaper, cruising through peak-demand hours with minimal grid strain. This avoids
exorbitant "demand charges" levied by utilities for sudden spikes in power usage.

b. Computer Vision and IoT Occupancy Sensing

HVAC and lighting are arguably the biggest energy sinks on a campus. Heating an empty auditorium is the thermal
equivalent of burning money. While basic motion sensors exist, they are easily fooled and lack granularity.

Al changes this by integrating Internet of Things (IoT) sensors with Computer Vision and edge computing.

The Technical Mechanism: Rather than just detecting "motion," edge-Al cameras and acoustic sensors estimate actual
headcounts in real-time. Convolutional Neural Networks (CNNs) running on low-power edge devices process video
feeds locally (ensuring privacy by discarding raw video). If a lecture hall scheduled for 100 people only has 12 students
in attendance, the system dynamically scales down the localized ventilation rates and adjusts thermal setpoints.

The Savings: Ventilation systems often operate on fixed outside-air exchange rates to maintain air quality. Al enables
Demand-Controlled Ventilation (DCYV), precisely matching fresh air delivery to actual occupancy, drastically cutting
the energy required to condition outside air.

c. Reinforcement Learning for Complex HVAC Optimization

HVAC systems are notoriously non-linear and sluggish. Warming up a multi-story concrete building involves thermal
mass, solar heat gain, and complex fluid dynamics that traditional Proportional-Integral-Derivative (PID) controllers
struggle to optimize.

This is where Deep Reinforcement Learning (DRL) shines.

The Technical Mechanism: A DRL agent interacts with the campus environment, learns through trial and error (via
simulations), and receives "rewards" for minimizing energy use while maintaining thermal comfort (measured by
PMV—Predicted Mean Vote standards). Over time, the agent learns counter-intuitive but highly efficient strategies—
such as shutting down a chiller 45 minutes earlier than usual because it calculates the building's thermal inertia will
coast through the remaining time comfortably.
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The Savings: Studies on RL-based climate control in large commercial and institutional buildings consistently show
HVAC energy reductions ranging from 15% to 25% without sacrificing occupant comfort.

d. Anomaly Detection and Automated Fault Detection & Diagnostics (FDD)

In a sprawling campus, equipment degrades silently. A stuck damper, a leaking valve, or a degrading bearing in an air
handling unit (AHU) can force a system to work twice as hard to maintain the same temperature. Facilities teams are
often too understaffed to catch these issues until a catastrophic failure occurs—or the monthly utility bill arrives.

The Technical Mechanism: Unsupervised machine learning algorithms (like Isolation Forests or Autoencoders)
continuously monitor sensor data streams (temperatures, pressures, power draws) from campus equipment. They
establish a baseline of "normal" operational physics. The moment a compressor’s efficiency curve deviates from this
baseline, the Al flags it as an anomaly.

The Savings: Automated FDD pinpoints the exact root cause of energy wastage (e.g., “AHU-4 reheat valve is stuck
20% open”). This shifts maintenance from reactive firefighting to predictive intervention, saving both kilowatt-hours
and costly technician hours.

e. Microgrid Orchestration and Peak Shaving

Many technical institutes are installing on-site renewable energy sources, such as rooftop solar arrays and wind
turbines, alongside EV charging stations and battery energy storage systems (BESS). Managing this volatile ecosystem
is too complex for human operators.

The Technical Mechanism: Al acts as the central nervous system of a campus microgrid. Using optimization
algorithms (like Model Predictive Control), the Al constantly decides whether to store solar energy in batteries, use it
immediately, feed it back to the grid, or draw from the grid when spot-prices are lowest. Furthermore, during peak load
events, the Al can seamlessly discharge campus batteries or temporarily dim non-critical loads (like hallway lighting or
water heater cycles) for 15-minute intervals to avoid peak pricing tiers.

The Savings: This transforms the campus from a passive consumer into an active "prosumer," drastically lowering
electricity procurement costs and maximizing the ROI of renewable infrastructure.

For technical institutes, deploying Al for energy management isn't just an operational upgrade; it’s a living laboratory.
When universities use machine learning, IoT, and reinforcement learning to optimize their own campuses, they turn
their physical grounds into testbeds for the very technologies their students are learning to build. By slashing electricity
consumption through intelligent, data-driven automation, institutes can achieve aggressive net-zero goals, lower
operating budgets, and prove that the future of sustainability is undeniably smart[66-75].

II. LITERATURE SURVEY

Educational institutes—ranging from sprawling university campuses to multi-story high schools—are essentially small
cities. They feature erratic occupancy patterns, vast lecture halls, energy-intensive laboratories, and sprawling HVAC
(Heating, Ventilation, and Air Conditioning) networks. Traditionally, facility management has relied on static
schedules and manual interventions to curb power consumption. However, the integration of Artificial Intelligence (AI)
and Machine Learning (ML) has catalyzed a paradigm shift, transforming reactive facility management into proactive,
autonomous optimization[1][2].

This literature survey explores the technical methodologies, algorithms, and architectures proposed in recent research
for leveraging Al-based Smart Energy Management Systems (SEMS) to reduce electricity consumption in educational
institutions.

i. Architectural Framework of AI-Driven SEMS
Recent literature generally categorizes Al-based energy management into a three-tier technical architecture[3]:
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The Perception Layer (IoeT & Data Acquisition): High-resolution smart meters, IoT sensors (occupancy,
temperature, CO2, and ambient light), and Building Management Systems (BMS) continuously stream temporal and
spatial data.

The Analytics & Decision Layer (AI/ML Models): Cloud or edge servers process incoming data streams to predict
energy demand, detect anomalies, and generate optimal control policies.

The Execution Layer (Actuators): Automated smart plugs, variable refrigerant flow (VRF) systems, and smart
lighting grids execute the Al-generated commands in real time.

ii. Core Technical Approaches in Literature

A. Predictive Load Forecasting

Before energy can be conserved, it must be accurately forecasted. Educational institutions experience unique load
profiles due to semester breaks, examination periods, and dynamic class schedules[10].

Statistical vs. ML Models: While traditional autoregressive integrated moving average (ARIMA) models struggle
with non-linear campus loads, modern literature heavily favors advanced machine learning. Studies by Mendes et al.
highlight the superiority of Extreme Gradient Boosting (XGBoost) and Random Forests in handling multi-variable
meteorological and temporal data.

Deep Learning for Long-Term Dependencies: For complex, multi-building campuses, Long Short-Term Memory
(LSTM) networks and Gated Recurrent Units (GRUs) are widely deployed. Research demonstrates that LSTM
models can capture seasonal and weekly periodicities in campus power consumption with a Mean Absolute Percentage
Error (MAPE) of under 5%.

B. AI-Optimized HVAC and Environmental Control

HVAC systems account for roughly 40-60% of an educational institute's total energy consumption. Researchers have
heavily targeted this sector using advanced control paradigms[12].

Model Predictive Control (MPC) Enhanced by AI: Traditional MPC requires complex physical models of buildings,
which are difficult to scale. Recent papers propose data-driven MPC, where neural networks act as surrogate models
representing the thermal dynamics of a classroom. This allows the system to pre-cool or pre-heat spaces during off-
peak electricity tariff hours.

Reinforcement Learning (RL) for Dynamic Environments: Because classrooms have stochastic occupancy patterns,
Deep Q-Networks (DQN) and Proximal Policy Optimization (PPO) algorithms are gaining traction. An RL agent
learns optimal HVAC policies by interacting with the environment, balancing thermal comfort (quantified via Predicted
Mean Vote - PMV models) with aggressive energy minimization. A notable study by Vazquez-Canteli et al. proved that
RL agents could reduce peak HVAC loads by up to 25% without compromising indoor air quality.

C. Smart Lighting and Daylight Harvesting

Lighting represents another significant, yet easily controllable, load.

Literature review reveals a shift toward IoT-enabled, Al-driven illumination systems. Using computer vision or PIR
(Passive Infrared) sensor arrays combined with Convolutional Neural Networks (CNNs), systems can estimate exact
room occupancy rather than just binary presence.

Algorithms dynamically adjust LED luminaire intensity by fusing occupancy data with real-time daylight harvesting
metrics, cutting lighting energy consumption by up to 40% in administrative blocks and libraries.

iii. Integration with Smart Grids and Renewable Energy
Modern technical literature expands the scope of SEMS beyond mere consumption reduction to demand-side
management (DSM) and microgrid integration[17].
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Peak Shaving and Load Shedding: Al algorithms analyze real-time pricing signals from the utility grid. During peak
pricing hours, predictive models automatically shed non-critical loads (e.g., dimming non-essential hallway lights,
slightly adjusting setpoints in unoccupied labs) or shift them to off-peak hours.

Photovoltaic (PV) and Battery Energy Storage System (BESS) Co-optimization: Many campuses feature rooftop
solar arrays. Researchers employ neural networks to forecast both solar generation and campus load simultaneously.
Intelligent energy management algorithms then decide whether to consume solar energy immediately, store it in a
BESS, or feed it back to the grid, maximizing self-consumption and minimizing grid reliance.

iv. Challenges and Research Gaps

Despite the promising technical metrics cited in literature, several hurdles impede widespread real-world deployment in
educational institutes:

Data Scarcity and Sensor Heterogeneity: Many older campus buildings lack granular metering infrastructure.
Retrofitting legacy buildings with IoT sensors incurs high capital expenditure.

Generalizability of Models: An Al model trained to optimize energy in a lecture hall in a temperate climate often fails
when deployed in a humid or tropical environment, necessitating costly domain adaptation or transfer learning
techniques.

Privacy Concerns: High-resolution occupancy tracking (especially utilizing computer vision or Wi-Fi sniffing) raises
privacy concerns among students and faculty.

The "Human-in-the-Loop" Factor: Occupants often override automated systems (e.g., opening windows while AC is
running, or manually adjusting thermostats). Integrating human behavioral psychology into technical AI models
remains an open research frontier.

The literature clearly demonstrates that Al-based Smart Energy Management Systems hold transformative potential for
reducing electricity consumption in educational institutes. By shifting from static schedules to dynamic, data-driven
frameworks powered by predictive modeling, reinforcement learning, and IoT integration, campuses can achieve
substantial carbon footprint reductions and financial savings[7][8].

II1. SUGGESTED STRUCTURE

Educational campuses are essentially micro-cities. Ranging from sprawling universities to multi-story high schools,
they feature complex occupancy patterns, massive HVAC footprints, sprawling lighting networks, and high-density
computing labs. Tradition dictates a blunt-force approach to energy management: scheduled timers and manual
thermostats. However, with volatile energy markets and urgent climate mandates, these traditional methods are no
longer sufficient. Enter AI-Based Smart Energy Management (AI-SEM). Below is a robust, highly technical
blueprint for engineering an Al-driven energy management structure tailored specifically to the dynamic, erratic load
profiles of educational institutes.

To successfully reduce electricity consumption without disrupting academic productivity, an AI-SEM system must be
architected in four distinct, interconnected layers:
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TIER 4 APPLICATION & Ul LAYER

TIER 3 ANALYTICS & Al ENGINE
Forecasting, RL Agents, Anoamly Detection, Digital Twin

TIER 2
Time-Series DB, E¢ge Processing, Data Lake

TIER 1 PHYSICA
Smart Meters, |OT Sensors, Actuators, BMS

Figure 1: Suggested 4-tire Structure
Tier 1: The Physical & Edge Layer (Sensidation and Actuation)
The foundation relies on granular data acquisition. Without hyper-local data, Al cannot optimize effectively.
Sub-Metering & Sensors: Deployment of smart electrical meters at the distribution board (DB) level for every
building, lecture hall, and dormitory. Environmental sensors (occupancy, $\text{CO} 28, temperature, and ambient
light) are installed in zone-based clusters.
Protocol Gateways: Integration with legacy Building Management Systems (BMS) using industry-standard industrial
communication protocols like BACnet, Modbus (TCP/RTU), and LonWorks.
Edge Computing Nodes: Low-power edge devices (e.g., Raspberry Pi Compute Modules, NVIDIA Jetson Nano)
deployed locally in electrical closets. These perform preliminary data sanitization, packet filtering, and low-latency
critical control loops (e.g., immediate fire or fault safety overrides) before sending data to the cloud.

Tier 2: Data Pipeline & Storage Layer (The Nervous System)

Educational institutes generate petabytes of unstructured and semi-structured telemetry data. This layer ensures reliable
data transit and retention.

Ingestion Engine: A scalable message broker—such as Apache Kafka or MQTT (Mosquitto)—handles high-
frequency telemetry streaming from thousands of IoT endpoints.
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Time-Series Database (TSDB): Relational databases fail under high-frequency time-series loads. Implement a TSDB
like InfluxDB, TimescaleDB, or Prometheus optimized for timestamped metrics (voltage, current, power factor,
occupancy counts).

Data Lakehouse: Long-term storage (e.g., Apache Iceberg on cloud or on-premise object storage) to archive historical
data, weather logs, and academic calendars for model training.

Tier 3: Analytics & Al Engine (The Brain)
This is where machine learning models transform raw telemetry into predictive conservation strategies. The Al engine
runs three core sub-modules:

A. Load Forecasting Model (Predictive Demand)

Technology: Long Short-Term Memory (LSTM) networks or Transformer-based architectures (e.g., Informer models).
Function: Ingests weather forecasts, historical load profiles, and the university’s Academic Calendar (exam weeks,
holidays, semester breaks, sports events) to predict energy demand 24 to 48 hours in advance.

Impact: Prevents peak-demand charges by pre-cooling or pre-heating buildings during off-peak tariff hours.

B. Occupancy-Driven HVAC & Lighting Optimization

Technology: Graph Neural Networks (GNNs) coupled with Computer Vision (anonymous thermal/optical counters) or
Wi-Fi probe request counting (tracking connected devices on campus Wi-Fi).

Function: Dynamically adjusts Variable Air Volume (VAV) boxes, chillers, and LED lighting grids. If a lecture hall’s
schedule says "Occupied," but Wi-Fi/sensor telemetry shows zero occupants after 15 minutes, the Al scales back
HVAC load and dims lights.

C. Reinforcement Learning (RL) for Central Plant Optimization

Technology: Deep Q-Networks (DQN) or Proximal Policy Optimization (PPO).

Function: Chiller plants and boilers consume up to 50% of an institute's electricity. The RL agent acts as an
autonomous controller, experimenting with chilled water setpoints, condenser water flow rates, and staging pumps to
maintain thermal comfort with minimum energy expenditure.

D. Automated Fault Detection and Diagnostics (FDD)

Technology: Autoencoders and Isolation Forests.

Function: Continuously scans telemetry for anomalies (e.g., a damper stuck open, a compressor degrading, or
simultaneous heating and cooling). It flags these anomalies before they manifest as massive energy spikes or equipment
failure.

Tier 4: Application & UI Layer (Action & Visualization)

Al insights are useless if humans or systems cannot act on them seamlessly.

Closed-Loop Automated Control: For trusted subsystems (like smart lighting and setpoint micro-adjustments), the Al
directly writes setpoints back to the BMS via secure API calls.

Facilities Management Dashboard: A centralized, web-based UI (built on React/Grafana) that visualizes real-time
power consumption, carbon footprint reduction metrics, active anomalies, and financial savings.

Gamification & Behavioral Nudges: Integrations with campus mobile apps to display real-time energy consumption
of dormitories or faculties, sparking energy-saving competitions between departments or student housing blocks.
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IV. DISCUSSION

For decades, facilities managers have relied on rigid timers, manual thermostats, and guesswork to keep these campuses
running. But as institutions face mounting pressure to slash operational costs and meet aggressive sustainability goals, a
new scholar has entered the classroom: Artificial Intelligence.

Implementing Al-based smart energy management systems in schools and universities promises a paradigm shift from
reactive utility monitoring to proactive, predictive efficiency. Here is a breakdown of the transformative expected
results.

i. Quantifiable Reductions in Energy Consumption and Costs

The most immediate and anticipated result of Al integration is a dramatic drop in kilowatt-hours (kWh) used,
translating directly to financial savings.

The 15% to 30% Sweet Spot: Case studies and pilot programs consistently show that Al-driven HVAC and lighting
controls reduce overall energy consumption by 15% to 30%.

Eliminating "Phantom" Loads: Al algorithms learn the occupancy patterns of individual rooms. If a Tuesday 10 AM
lecture is cancelled, the system detects the empty room via scheduling software or [oT sensors and dials back climate
control and lighting. No energy is wasted on empty spaces.

Peak Demand Shaving: Electricity is often priced dynamically, with utilities charging a premium during peak hours.
Al can predict campus energy spikes and strategically pre-cool buildings or draw from on-site solar/battery storage
beforehand, avoiding punishing peak demand charges.

ii. Predictive Maintenance and Extended Equipment Lifespan

In a traditional setting, a campus boiler or air handler unit (AHU) is fixed only when it breaks down—usually resulting
in emergency repair fees and uncomfortable classrooms.

Early Anomaly Detection: Al models ingest continuous streams of operational data from building management
systems (BMS). They establish a "baseline" of how healthy equipment operates. If a motor begins to vibrate slightly
out of the ordinary or a valve takes longer to close, the Al flags it before it fails.

Cost Avoidance: By shifting from reactive repairs to predictive maintenance, institutions avoid catastrophic equipment
failures, reduce technician overtime, and extend the lifespan of expensive capital assets by years.

iii. Automated Decarbonization and ESG Compliance

Boardrooms and university presidents are increasingly held accountable for Environmental, Social, and Governance
(ESG) metrics. Students, faculty, and accrediting bodies demand verifiable sustainability commitments.

Real-Time Carbon Accounting: Al doesn't just save energy; it tracks carbon footprints in real time. It can calculate
the exact greenhouse gas reductions achieved, providing the transparent data needed for institutional sustainability
reports.

Optimizing Renewables: Many campuses feature rooftop solar arrays, wind turbines, or microgrids. Al excels at
forecasting weather patterns and energy generation alongside campus demand, ensuring that renewable energy is
utilized or stored with maximum efficiency rather than going to waste.

iv. Optimized Indoor Environmental Quality (IEQ) and Productivity

A common fear of energy-saving initiatives is that buildings will become too hot, too cold, or stuffy, harming the
learning environment. Al actually achieves the opposite.

The Cognitive Classroom: Numerous studies link optimal indoor air quality (IAQ) and comfortable temperatures to
improved student test scores, higher attendance rates, and better cognitive function.
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Dynamic Comfort: Using CO2 sensors, occupancy data, and weather forecasts, Al continuously adjusts ventilation
rates and temperatures per zone. It ensures classrooms are fresh and comfortable precisely when filled, without wasting
energy keeping them that way overnight.

v. Empowering Facilities Teams and Engaging the Campus Community

Deploying Al changes the nature of work for campus operations teams and transforms the student body.

From Chasing Alarms to Strategic Planning: Instead of facility managers running around responding to hot/cold
complaints, Al centralizes troubleshooting and prioritizes work orders. Staff move from tedious firefighting to high-
level facilities optimization.

The Living Laboratory: Smart energy systems generate vast amounts of clean, real-time data. Forward-thinking
universities are using this data in engineering, data science, and architecture curricula, turning the campus itself into a
"living laboratory" where students can solve real-world decarbonization challenges.

When deployed successfully, a structured AI-SEM yields profound optimization metrics as shown in Figure 3:

Peak Demand Reduction q*s HVAC Energy Savings
15-25% 20-35%
Lower peak kW and utility Precise scheduing and less

capacity charges conditioning of empty spaces

Iﬂ\llaln?enzflce ot Carbon Footprint
| D- 15% Supports Net-Zero goals and

Early FDD alerts reduce provides verisable ESG data.
reactive maintenance

Figure 3: Expected output
Peak Demand Reduction: 15% to 25% drop in peak kW consumption, significantly lowering utility capacity charges.
HVAC Energy Savings: 20% to 35% reduction through precise scheduling and elimination of conditioning empty
spaces.
Maintenance Cost Reduction: 10% to 15% drop in reactive maintenance costs via early FDD anomaly alerts.
Carbon Footprint: Direct alignment with institutional Net-Zero carbon goals, providing verifiable ESG
(Environmental, Social, and Governance) data audits.
Reducing electricity consumption in educational institutes is no longer about asking students and faculty to "turn off the
lights when leaving." It requires transitioning from reactive facilities management to proactive, cognitive infrastructure.
By deploying a layered, Al-driven Smart Energy Management architecture, educational institutes can transform their
sprawling campuses into self-optimizing, energy-efficient ecosystems.

V. CONCLUSION
The integration of Al-driven smart energy management systems offers a transformative solution for educational
institutions striving to reduce their electricity consumption and operational costs. By replacing static, manual controls
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with dynamic, predictive automation, institutes can eliminate energy waste during low-occupancy periods without
compromising the learning environment. Furthermore, this intelligent approach not only yields substantial utility
savings—which can be redirected toward academic and research initiatives—but also significantly lowers the
institution’s carbon footprint, aligning campus operations with global sustainability goals. Ultimately, implementing Al
in campus energy grids serves as a scalable blueprint for smart cities, proving that advanced technology can effectively
bridge the gap between resource conservation and institutional efficiency.

REFERENCES

1. Heena T. Shaikh, Kazi Kutubuddin Sayyad Liyakat. (2026). A Study on Precision Blood Propulsion in Motor-
Driven Artificial Hearts. Trends in Electrical Engineering. 2026; 16(1): 51-57p.

2. Kazi Kutubuddin Sayyad Liyakat, Heena T Shaikh. (2026). Multi-Layered AlI-Driven Paradigm Shift in IoT
Ecosystem Security. Journal of Communication Engineering & Systems. 2026; 16(1): 13-21p.

3. Heena T. Shaikh, Kazi Kutubuddin Sayyad Liyakat. Analysis of Machine Learning in Metal Processing: A
Novel Prospect. Journal of Materials & Metallurgical Engineering. 2026; 16(1): 40-51p.

4. H. T. Shaikh and K. K. S. Liyakat, “A Study into Accurate Blood Pumping in Motor-powered Artificial
Hearts,” Advance Research in Power Electronics and Devices, vol. 3, no. 1, pp. 1-9, Feb. 2026.

5. Kazi Kutubuddin Sayyad Liyakat. A Technical Survey on Nanotechnology in Nanorobots. Journal of
Nanoscience, = Nanoengineering &  Applications.  2026; 16(1): 14-21p.  Available at:
https://journals.stmjournals.com/article/article=2026/view=239242/

6. Vaishnavi Gopal Shirsikar, Aditi Dinanath Shahane, Kazi Kutubuddin Sayyad Liyakat. A Study on Securing
the Local Area Network with the Immutable Trust of Blockchain. International Journal of Distributed
Computing and Technology. 2026; 12(1): 23-33p.

7. Heena T. Shaikh, (2026). A Study on Controlling Artificial Heart. Journal of Control & Instrumentation.
2026; 17(1): 14-23p.

8. H. T. Shaikh, and K. K. S. Liyakat, —A Study on Al-powered Ultra-low Latency in 6G: A Blueprint for the
Next-Generation Mobile Communication Systeml, Advance Research in Communication Engineering and its
Innovations, vol. 3, no. 1, pp. 29-41, Mar. 2026.

9. Dhyvarkonda Udaykiran Tulshidas, Pranit Sunil Paul, Gone Yashasvi Prakash, IR. Kazi Kutubuddin Sayyad
Liyakat. Revolutionizing School Schedules: An Arduino-Based Automatic Class Bell System with Real-Time
Precision. Journal of Control & Instrumentation. 2025; 16(02):35-44.  Available from:
https://journals.stmjournals.com/joci/article=2025/view=213292

10. Kazi Kutubuddin Sayyad Liyakat. (2026). T-Flip-Flop Implementation using Quantum-dot Cellular
Automata. Journal — of  Electronics  Design  and  Technology, 24-32. Retrieved  from
https://matjournals.net/engineering/index.php/JEDT/article/view/3282

11. Heena T. Shaikh, Kazi Kutubuddin Sayyad Liyakat. Thin Film Technology in Sensor Manufacturing — A
Technical Discussion. Journal of Thin Films, Coating Science Technology and Application. 2026; 13(1): 48—
58p.

12. Heena T Shaikh, Dr. Kazi Kutubuddin Sayyad Liyakat. A study on CMOS Operational Amplifier in Sensor
Development. Journal of VLSI Design Tools and Technology. 2026; 16(01):-. Available from:
https://journals.stmjournals.com/jovdtt/article=2026/view=238929

13. Heena T. Shaikh, IR. Kazi Kutubuddin Sayyad Liyakat. An Overview on Energy Harvesting Using
Piezoelectric Material for Wi-Fi Systems. International Journal of Electro-Mechanics and Material Behavior.
2026; 4(1): 56— 63p.

14. K. K. S. Liyakat, T-Flip-Flop Implementation using Quantum-dot Cellular Automatal, Journal of Electronics
Design and Technology, vol. 3, no. 1, pp. 24-32, Mar. 2026.

Copyright to IJARSCT E?@IE DOI: 10.48175/IJARSCT-38509 81

www.ijarsct.co.in

| 2581-9429 |8
t\ 1JARSCT /3
& <




.(I IJARSCT

/ 1
Xx International Journal of Advanced Research in Science, Communication and Technology l\

IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal ,E,, ot
ISSN: 2581-9429 Volume 6, Issue 3, September 2026 Impact Factor: 8.2

15. H. T. Shaikh and K. K. S. Liyakat, “An Overview of Transforming [oT with Millimeter-Wave,” Journal of RF
and Microwave Communication Technologies, vol. 3, no. 1, pp. 18-28, Mar. 2026. Available at:
https://www.matjournals.net/engineering/index.php/JoRFMCT/article/view/3327

16. Kutubuddin Sayyad Liyakat Kazi, (2025). Roll of AI and Sensor in Aerospace: A Study, Journal of Advance
Research  in  Aeronautics and Space Science, Vol. 12 No. 3&4. Available at:
https://adrjournalshouse.com/index.php/Jof-aeronautics-space-science/article/view/2589

17. Heena T. Shaikh, Kazi Kutubuddin Sayyad Liyakat. The Future of Farming with IoT-Operated Drones.
International Journal on Drones. 2026; 2(1): 20-26p. Available at:
https://journals.stmjournals.com/article/article=2026/view=239864/

18. Kazi Kutubuddin Sayyad Liyakat. An Overview on Quantum dot Technology in Temperature Sensor Design.
Journal of Electronic Design Technology. 2026; 17(1): 10—17p.

19. Shaikh Heena T, Kazi Kutubuddin Sayyad Liyakat. Sensors-Based Electric Machine Design for Industry.
International Journal of Electrical Machine Analysis and Design. 2026; 4(1): 1-10p. Available at:
https://journals.stmjournals.com/article/article=2026/view=240174/

20. Heena T Shaikh, Kazi Kutubuddin Sayyad Liyakat. An Overview on Intelligent Operating Systems (iOS).
Journal of Operating Systems Development & Trends. 2026; 13(1): 21-28p. Available at:
https://journals.stmjournals.com/article/article=2026/view=242357/

21. Kazi Kutubuddin Sayyad Liyakat, A Study of Self-Healing Polymer Nanocomposites with Filler Effect.
International  Journal of Applied Nanotechnology. 2026; 12(1): 26-35p. Available from:
https://journalspub.com/publication/uncategorized/article=24828

22. H.T. Shaikh, and K. K. S. Liyakat, —A Study on Al-driven Security Concerns in the Wireless Ecosystem,
Research & Review: Electronics and Communication Engineering, vol. 3, no. 1, pp. 27-38, Apr. 2026.

23. Heena T. Shaikh, Kazi Kutubuddin Sayyad Liyakat. Optimization of Pesticide Requirement Calculations for
IoT- Operated Hexacopter Delivery Systems. International Journal on Drones. 2026; 2(1): 8—14p. Available
at: https://journals.stmjournals.com/ijd/article=2026/view=239857/

24. Heena T. Shaikh, & Kazi Kutubuddin Sayyad Liyakat. (2026). A Study on Al-driven Security Concerns in the
Wireless Ecosystem. Research & Review: Electronics and Communication Engineering, 27-38. Retrieved
from https://matjournals.net/engineering/index.php/RRECE/article/view/3446

25. Kazi Kutubuddin Sayyad Liyakat. Nano-Chemical Revolution in Vaccinology: A Study. Research & Reviews:
A Journal of Immunology. 2026; 16(1): 26-38p.

26. Chopade Mallikarjun Abhangrao, IR. Kazi Kutubuddin Sayyad Liyakat. KSK Approach: An Al-Driven loT
Based Decision Making System’s Study. Current Trends in Signal Processing. 2025; 15(02):14-25. Available

from: https://journals.stmjournals.com/ctsp/article=2025/view=215216
27. Heena T Shaikh and Kazi Kutubuddin Sayyad Liyakat, An investigation into the use of nanotechnology in

medical-military applications. International journal of Nanobiotechnology. 2026, 12(1): -p. Available
from:https://journalspub.com/publication/uncategorized/article=25271

28. Kazi Kutubuddin Sayyad Liyakat. An Overview on Nanomaterial-Enabled Electronic Skin for Physiological
Sensing and Biomedical Use. International journal of Nanobiotechnology. 2026, 12(1): -p. Available
from:https://journalspub.com/publication/uncategorized/article=25280

29. Heena T. Shaikh, Kazi Kutubuddin Sayyad Liyakat. A Technical Overview of Nanorobots Using
Nanotechnology. International Journal of Nanomaterials and Nanostructures. 2026; 12(1): 31-38p. Available
from:https://journalspub.com/publication/uncategorized/article=25222

30. Heena T. Shaikh, Kazi Kutubuddin Sayyad Liyakat. A Survey on Hydrogen Storage System using Alloys.
International Journal of Energetic Materials. 2026; 12(1): 13—19p.

31. Kazi Kutubuddin Sayyad Liyakat. Intelligent Trajectories: Harnessing Artificial Intelligence for Next
Generation Missile and Propellant Design. International Journal of Energetic Materials. 2026; 12(1): 20-26p.

Copyright to IJARSCT E?@IE DOI: 10.48175/IJARSCT-38509 82

www.ijarsct.co.in o g

&\ IJARSCT /¥
R <



({ IJARSCT

y [/
xx International Journal of Advanced Research in Science, Communication and Technology l\
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 6, Issue 3, September 2026 Impact Factor: 8.2

32. Kazi Kutubuddin Sayyad Liyakat. A Review of Electrical Conduction, Optical Sensing, and Semiconductor
Device Innovations. Journal of Semiconductor Devices and Circuits. 2026; 13(1): 10—18p.

33. Kazi Kutubuddin Sayyad Liyakat, Heena T Shaikh. Dual-Wavelength and Tunable Fiber Lasers for
Microwave Photonic Applications. Journal of Microwave Engineering & Technologies. 2026; 13(1): 17-25p.

34. Heena Shaikh, Kazi Kutubuddin Sayyad Liyakat. Electromagnetic Field Effects on Biological Systems and
Safety Evaluation of Microwave Exposure. Journal of Microwave Engineering & Technologies. 2026; 13(1):
26-33p.

35. Kazi Kutubuddin Sayyad Liyakat, Heena T Shaikh. An Overview on Microwave Remote Sensing for Earth
Observation. Research & Reviews: Journal of Space Science & Technology. 2026; 15(1): 21-25p. Available
at: https://journals.stmjournals.com/rrjosst/article=2026/view=240913/

36. Kazi Kutubuddin Sayyad Liyakat, Heena T Shaikh. An Overview on Harnessing Microwave Frequencies for
Next-Generation Satellite Communication and Earth Observation. Research & Reviews: Journal of Space
Science & Technology. 2026; 15(1): 1-6p. Available at:
https://journals.stmjournals.com/rrjosst/article=2026/view=240916/

37. Kazi Kutubuddin Sayyad Liyakat. AI-Driven IoT in Self-Healing Grid Power Systems: A Study. International
Journal of Electrical Power System and Technology. 2026; 12(1): 15-24p.

38. Liyakat K S S, Heena T S, Liyakat K K S. A study on Cognitive Signal Processing for Terahertz Horizons:
The Role of Al in Enabling 7G Communication Networks. J Adv Res Sig Proc App 2025; 7(2): 8-12.

39. Liyakat K K S. Design and Optimisation of a Robust D-Flip Flop in Quantum-dot Cellular Automata
Technology using QCA Designer. ] Adv Res Microelec VLSI, 2025; 8(2): 14-24.

40. Sayyad Liyakat. Al Driven IoT Based Satellite Remote Sensing System: KSK Approach in Satellite Remote
Sensing. International Journal of Satellite Remote Sensing. 2026; 4(1): 50-57p.

41. Sayyad Liyakat, Heena T Shaikh. Nuclear Reactor Safety Using Seismic and Natural Disaster Protection: A
Study. Journal of Nuclear Engineering & Technology. 2026; 16(1): 25-34p.

42. Heena T Shaikh. Photonic Diagnostics: Harnessing Optical Sensing for Non-Invasive Assessment of Coronary
Obstruction. International Journal of Optical Innovations & Research. 2026; 4(2): 25-30p.

43. Heena T Shaikh, Kazi Kutubuddin Sayyad Liyakat. A Comprehensive Review of CMOS Analog Circuit
Design Techniques for Low-Power VLSI Systems. International Journal of VLSI Circuit Design &
Technology. 2026; 4(1): 12—24p.

44. Kazi Kutubuddin Sayyad Liyakat. Performance Improvement of Standalone Solar PV Pumping System Using
Supercapacitor. International Journal of Electrical Power and Machine Systems. 2026; 4(1): 62—70p.

45. Heena Shaikh, Kazi Kutubuddin Sayyad Liyakat. Enhancing Solar Water Pumping in arid Regions with
Hybrid Super Capacitor and Battery Storage. International Journal of Electrical Power and Machine Systems.
2026; 4(1): 18-29p.

46. S. H. Tajoddin, P. S. Kolhe, and K. K. S. Liyakat, “An Overview of Microcontroller-based Intelligent Pill Box
Employing Sensors by E-mail Facility,” Journal of Electronics Design and Technology, vol. 3, no. 2, pp. 13-
23, May 2026.

47. Kazi Kutubuddin Sayyad Liyakat. An Al-Driven IoT Framework for Autonomous Quality Assurance in
Optical Lens Manufacturing. International Journal of Optical Innovations & Research. 2026; 4(1): 36—41p.

48. Kazi Kutubuddin Sayyad Liyakat. A Study on the Use of Al and Sensors in Aerospace. Journal of Aerospace
Engineering & Technology. 2026; 16(1): 24-33p. Available at:
https://journals.stmjournals.com/article/article=2026/view=243307/

49. Kazi Kutubuddin Sayyad Liyakat, Heena T. Shaikh. An Overview of Reimagining MOSFET as Precision
Thermal Sensor. International Journal of Analog Integrated Circuits. 2026; 12(1): 8—13p.

50. Kazi Kutubuddin Sayyad Liyakat, Heena Shaikh, Kosgiker G.M., An Overview on VLSI based Hardware
Security in IoT Node. International Journal of VLSI Circuit Design & Technology. 2026; 4(1): 51-56p.

Copyright to IJARSCT E?@IE DOI: 10.48175/IJARSCT-38509 83

www.ijarsct.co.in

| 2581-9429 |8
t\ 1JARSCT /3
& <




( IJARSCT

y [/
xx International Journal of Advanced Research in Science, Communication and Technology l\

IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal ,E,, ot
ISSN: 2581-9429 Volume 6, Issue 3, September 2026 Impact Factor: 8.2

51. Heena T Shaikh, Kazi Kutubuddin Sayyad Liyakat. Intelligent Electromagnetic Synthesis: An Al-Driven IoT
Framework for Adaptive Antenna Design in Missile Navigation. International Journal of Radio Frequency
Innovations. 2026; 4(1): 1-15p.

52. Heena T Shaikh, Kazi Kutubuddin Sayyad Liyakat. A Study on AI-Driven Multi-Layered Defense in 6G
Ecosystems. International Journal of Radio Frequency Innovations. 2026; 4(1): 1-9p.

53. Liyakat K K S. A Study on Intelligent Missile Launching, IoT based SightandShoot Capability, Journal of
Advanced Research in Aeronautics and Space Science, 2026; 13(1&2): 20-25. Available at:
https://adrjournalshouse.com/index.php/Jof-aeronautics-space-science/article/view/2729

54. Heena T. Shaikh, Kazi Kutubuddin Sayyad Liyakat. An Overview of Al in Thermal Behavior of Polymers and
Composite Materials. International Journal of Composite and Constituent Materials. 2026; 12(1): 12—16p.

55. Kazi Kutubuddin Sayyad Liyakat. A Study of Delta Modulation Techniques for Bandwidth-Efficient Signal
Transmission. International Journal of Digital Communication and Analog Signals. 2026; 12(1): 31-43p.

56. Kazi Kutubuddin Sayyad Liyakat. AI-Driven IoT Systems for Bovine Genetic Health and Fertility.
International Journal of Animal Biotechnology and Applications. 2026; 12(1): 52-58p.

57. Heena T. Shaikh, Kazi Kutubuddin Sayyad Liyakat. An Investigation into the Use of Nanotechnology in
Medical-Military Applications. International Journal of Nanobiotechnology. 2026; 12(1): 43—52p.

58. Kazi Kutubuddin Sayyad Liyakat. An Overview on Al Driven IoT in Atmospheric study: KSK Approach
Study, Emerging Challenges for Sustainable Livestock Production. International Journal of Atmosphere. 2026;
3(2): 1-6p.

59. Kazi Kutubuddin Sayyad Liyakat, Heena T. Shaikh. An Overview of Graphene-Enabled Composite
Architectures for Next-Generation High-Power Supercapacitors. International Journal of Composite and
Constituent Materials. 2026; 12(2): 1- 6p.

60. Kazi Kutubuddin Sayyad Liyakat. Electromagnetic Field Effects on Biological Systems and Safety Evaluation
of Microwave Exposure. Journal of Microwave Engineering and Technologies. 2026; 13(01):-. Available
from: https://journals.stmjournals.com/jomet/article=2026/view=242345.

61. Kazi Kutubuddin Sayyad Liyakat. An Overview of Al-Driven IoT Framework for Real-Time Pathogen
Surveillance and Predictive Decision Support: KSK Approach. International Journal of Virus Studies. 2026;
3(2): 7-14p.

62. Kazi Kutubuddin Sayyad Liyakat. Advances in Pipe Flow Systems, Turbulence, and Combustion Processes in
Fluid Mechanics. Recent Trends in Fluid Mechanics. 2026; 13(01):1-7. Available from:
https://journals.stmjournals.com/rtfim/article=2026/view=242568

63. Kazi Kutubuddin Sayyad Liyakat, Heena T Shaikh. Integrated Perspectives on Fluid Mechanics and Energy
Transport in Complex Flow Systems. Recent Trends in Fluid Mechanics. 2026; 13(01):22-31. Available from:
https://journals.stmjournals.com/rtfm/article=2026/view=242563

64. Kazi Kutubuddin. A Study on Chemical Composition in Temperature Sensor. Journal of Nanoscience,
Nanoengineering & Applications. 2026; 16(2): 1-7p.

65. Liyakat, D. K. K. S., & Shaikh, H. T. (2026). Investigating Analogue Gravity Phenomena through Electronic
Black Holes: A Study. International Journal of Microwave Engineering and Technology, 12(01). Available
at: https://journalspub.com/publication/ijmet/article=25539/

66. Liyakat, D. K. K. S. (2026). A Study of Delta Modulation Techniques for Bandwidth- Efficient Signal
Transmission. International Journal of Digital Communication and Analog Signals, 12(01). Available at:
https://journalspub.com/publication/uncategorized/article=25525/

67. Heena T. Shaikh. A Survey on Hydrogen Storage System Using Composite Material and Its Alloys. Nano
Trends: A Journal of Nanotechnology and Its Applications. 2026; 28(2): 35-42p.

68. Heena T Shaikh, Kazi Kutubuddin Sayyad Liyakat. A Review on Al Driven IoT Based Decision Making in
Rainfall Perdition in Climate Change Study. International Journal of Climate Conditions. 2026; 3(2): 1-6p

Copyright to IJARSCT E?@IE DOI: 10.48175/IJARSCT-38509 84

www.ijarsct.co.in

| 2581-9429 |8
t\ 1JARSCT /3
& <




({ IJARSCT

y
xx International Journal of Advanced Research in Science, Communication and Technology l\
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 6, Issue 3, September 2026 Impact Factor: 8.2

69. Heena T. Shaikh, Kazi Kutubuddin Sayyad Liyakat. An Overview on MOSFET based Sensor Design. Journal
of  Microelectronics and  Solid State  Devices. 2026;  13(01):20-26.  Available  from:
https://journals.stmjournals.com/jomsd/article=2026/view=239609

70. Heena T. Shaikh, IR. Dr. Kazi Kutubuddin Sayyad Liyakat. A study on Bridging Chemical Transformation
and Climate Feedbacks in the Earth System. International Journal of Climate Conditions. 2026; 02(02):1-8.
Available from: https://journals.stmjournals.com/ijcc/article=2026/view=242197

71. Heena T. Shaikh, IR. Kazi Kutubuddin Sayyad Liyakat. An Overview on Energy Harvesting Using
Piezoelectric Material for Wi-Fi Systems. International Journal of Electro-Mechanics and Material Behavior.
2026; 4(1): 56— 63p.

72. Shaikh H T, Liyakat K K S. A Study on Ai-Driven Security Concern in Wireless Ecosystem. J] Adv Res Wire
Mob Telecom 2026; 9(2):0-0.

73. K. K. S. L. Saheb, “A review on seismic intelligence: Bridging Al and IoT for predictive
earthquakemitigation,” Journal of Intelligent Data Analysis and Computational Statistics, vol. 3, no. 3, pp. 21—
29, Sep. 2026.

74. Shaikh H T, Liyakat K K S. A study on Al Powered Ultra Low Latency in 6G: A Blueprint for the Next
Generation Mobile Communication System. J] Adv Res Telecommun Emerg Tech 2026; 2(2): 00-00.

75. Liyakat K K S. An Overview on KSK Approach: Al-Driven IoT Based Decision Making System. J Adv Res
Intel Sys Robot 2026;8(2). 1-8.

Copyright to IJARSCT E#&"E DOI: 10.48175/IJARSCT-38509 85

www.ijarsct.co.in

| 2581-9429 |8
t\ 1JARSCT /3
& 55




