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Abstract: This paper studies how the Heating, Ventilation, & Air conditioning (HVAC) systems 

can be optimized in response to global heat and energy demand rises. We advocate a performance-

based framework geared towards high-density sites such as terminals and malls to obtain energy 

efficiency without sacrificing operational function. The model combines cutting-edge sensors, 

control and variable components, and feedback loops to continuously adapt HVAC usage in 

response to temperature, humidity data, and occupancy levels. An important feature of the model 

is its use of Internet-of-Things (IoT) technology to make networked devices able to share 

information automatically. Those types of integration include power consumption, network 

dynamics, load forecasting, and even user perception, making the model so resilient and scalable. 

The method is intended to be adaptable as situations arise based on changes in incident weather 

and room usage. A major consideration has been including potential users (especially older 

people). The goal is to improve occupant comfort, save energy, and encourage sustainable 

management of HVAC systems in crowded spaces. Experimental results show that there can be a 

high energy saving if certain scenarios are considered without compromising the comfort of living. 

 

Keywords: HVAC, Energy Efficiency, Air Conditioning, Adaptive Systems, Environmental 

Sustainability. 
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 وموازنة تكييف الهواء في الأماكن المزدحمة نموذج تكيفي لتوزيع 
 

 

 
للاستجابة لارتفاع   (HVAC) الملخص: تتناول هذه الورقة كيفية تحسين أنظمة التدفئة والتهوية وتكييف الهواء 

الحرارة والطاقة.   العالمي على  باقتراحالطلب  المواقع عالية    وذلك  قائم على الأداء موجه نحو  إطار عمل 

الكثافة مثل المحطات والمراكز التجارية للحصول على كفاءة طاقية دون التضحية بالوظيفة التشغيلية. يجمع  

لتكيف استخدام المرتدة  التغذية  المتغيرة وحلقات  أنظمة الاستشعار والتحكم والمكونات  هذه   النموذج أحدث 

للنموذج هي  الاباستمرار   التقنية الحرارة والرطوبة ومستويات الإشغال. ميزة مهمة  ستجابة لبيانات درجة 

لجعل الأجهزة المتصلة بالشبكة قادرة على تبادل المعلومات تلقائيًا. تشمل أنواع   استخدام تقنية إنترنت الأشياء

، وتوقع   الشبكة  وديناميكيات  الطاقة ،  ، مما يجعل  ، وحت   الاحمال الدمج هذه استهلاك  المستخدم  إدراك  ى 

النموذج متين وقابل للتطوير. الهدف من هذه الطريقة هو أن تكون قابلة للتكيف مع الظروف المتغيرة بناءً  

  على التغيرات في الأحوال الجوية والاستخدام. كان أحد الاعتبارات الرئيسية هو إشراك المستخدمين المحتملين 

تحسين راحة الشاغلين وتوفير الطاقة وتشجيع  أيضا ب.  من مختلف الفئات العمرية للاستفادة من هذا النموذج 

كبير في    توفير في الأماكن المزدحمة. تظُهر النتائج التجريبية أنه يمكن تحقيق  هذه الأنظمة  الإدارة المستدامة ل

 .المكان الطاقة إذا تم مراعاة بعض السيناريوهات دون المساس براحة 
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1. Introduction 

Increases in global heat and energy consumption issues have concerned system designers in several 

disciplines. The solutions provided should consider productivity in addition to handling energy 

issues in most countries. Heating, ventilating, and air-conditioning (HVAC) have gathered much 

attention to improving the services at different places. Implementing efficient optimization and 

control mechanisms has been identified as one crucial way to help reduce and shift HVAC systems' 

energy consumption to save economic costs and foster improved integration with renewables [1]. 

Several attentions have attempted to balance energy consumption and enable more comfort for 

human needs. Moreover, as the electrical load continues to grow, it is highly interesting for power 

utilities to reduce the system peak demand and increase the utilization of electricity infrastructure 

with minimal investment in power generation and delivery systems [2]. However, more electricity 

consumption can occur when following incorrect behaviors. Thus, next-generation solutions 

should balance needs and energy efficiency.   

 

In recent years, the demand for effective air conditioning systems in crowded environments has 

significantly grown in different scopes. With the rise in urbanization and the increase in population 

density, optimizing the balance and distribution of air conditioning has become a crucial aspect of 

providing a comfortable and healthy indoor climate. This paper focuses on the key concepts and 

strategies for balancing and distributing air conditioning in crowded places. These places include 

public transportation points, huge shopping malls, and large event halls [3]. Many considerations 

should be given to all visitors to these crowded places to meet individual needs. Future work should 

consider the well-being of all visitors in terms of environmental quality, including temperature, 

humidity, and air balancing. The main issue in this scope can be summarized as the varying thermal 

comfort needs of the different visitors within the same space [4]. Furthermore, another issue is 

balancing the visitor needs and managing the energy consumption increases [5].  

 

Several attempts were mainly focused on developing advanced air conditioning systems.  

These attempts were considered from several eras, such as engineering, research, and industry.  

These combinations from different specializations are because these systems employ various 

technologies such as sensor advancement, data analytics, and intelligent algorithms. All 

cooperated efforts are to maintain the optimal environmental needs as well as to minimize energy 

consumption [6]. On the other hand, renewable energy sources with smart technologies have 

promised to develop sustainable AC systems, ensuring reduced greenhouse gas production [7]. All 

the previous considerations show the importance of quarrying new and sustainable solutions for 

these issues in crowded places. Nevertheless, energy consumption has recently become a critical 

issue. This was due to the importance of energy saving and its impact on the environment. 

However, it is known that electronic devices in the residential, industrial, and commercial sectors 

have the highest usage of energy consumption [8].  
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These devices affect energy consumption due to different factors, such as energy management 

techniques, power efficiency levels, and device operation conditions [9]. Thus, researchers have 

initially focused on deploying energy efficiency on the devices from the manufacturing phase [10]. 

More issues are focused on the sustainability of solutions to reduce carbon emissions worldwide 

[11]. 

 

2. Intelligent Applications of Air Conditioning 

Recently, many attempts have been made to manage air conditioning systems. Also, energy 

consumption is greatly considered in these systems. For instance, the fuzzy logic-based AC system 

model is used to control the AC in specific buildings [12, 13]. This model focuses on factors such 

as indoor and outdoor temperature, user-preferred conditions, and humidity. This model focuses 

on adjusting the AC levels by considering all the previous factors. It has improved energy 

consumption compared to traditional AC systems [14]. 

 

Moreover, an artificial neural network-based AC system uses different models to manage AC 

balancing modes. This model uses artificial neural networks (ANNs) to control air conditioning 

systems. It uses input variables to train the ANN control AC condition systems. Then, the trained 

ANN predicts the appropriate settings based on the current input variables. It has shown 

improvement in energy efficiency compared to other models [15, 16]. They are moving forward 

to predictive control-based AC systems that adjust the condition settings using the prediction 

controls. Mainly, this model uses different factors when predicting to be used even for future 

settings. 

 When the behavior is predicted, the controller helps modify the settings accordingly to achieve 

the desired comfort level. This model could leverage the minimizing of energy consumption. It 

can be shown that this model would manage both energy consumption and raise indoor comfort 

levels [17, 18, 19, 20]. Furthermore, another model has been developed using the reinforcement 

learning-based AC system [21]. This model focuses on the interactions between the AC system 

and the environment [22]. These interactions can determine the optimal AC conditions. Similar 

factors in this model are considered to state the correct levels of AC settings. Also, this model has 

shown an improvement in energy consumption minimization [23, 24, 25]. 
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3. The Proposed Model 

This model is initially proposed to enable an adaptive approach for AC balancing, especially in 

crowded places. For this reason, it focuses on choosing an adaptive algorithm for adjusting the 

system's settings (Algorithm 1). Several factors are considered, starting from the phase design of 

this model. There are several components are involved in this model, including: 

 

3.1 The involved components   
 

3.1.1. Sensors: Such devices can monitor and generate readings from the surrounding 

environment, assisting in generating the needed data. Several technologies can be applied 

to sensors to minimise cost and energy consumption. Internet of Things applications can 

be used in this phase to link devices, as shown in figure 1. 

 

3.1.2. Control Algorithms: In this phase, optimal settings are maintained for processing data 

efficiently. Past performance logs are used for future calculations, which assists in 

minimizing energy consumption and maximizing service quality.   

 

 

3.1.3. Variable components: Control systems would be used to classify the AC scenarios, 

allowing for more comfort in indoor halls. They can be adjusted to achieve optimal 

performance. Changing conditions will be considered to reach the desired level of comfort.  

 

3.1.4. Feedback loop: This model relies on the feedback loop for continuous learning from 

feedback. This would allow for continued enhancement of real-time decision-making 

based on the data received from sensors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Motion Sensors 
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Different scenarios are considered for meeting the requirements of this model as shown below.  

 

1. Initialization 

Set initial thresholds: Tinit, Hinit, Oinit 

Initialize sensors Stemp, Shum, Socc 

2. Data Collection 

Collect real-time data Dt = { Tt, Ht, Ot }. 

3. Data Processing 

Normalize data: D't = normalize(Dt). 

4. Occupancy Detection 

Classify occupancy: 

𝑂𝑐𝑙𝑎𝑠𝑠(𝑡) =  {

𝐿𝑜𝑤 𝑖𝑓 𝑂𝑡 < 𝑂𝑙𝑜𝑤

𝑀𝑒𝑑𝑖𝑢𝑚  𝑖𝑓 𝑂𝑙𝑜𝑤𝑂𝑡 < 𝑂ℎ𝑖𝑔ℎ

𝐻𝑖𝑔ℎ 𝑖𝑓 𝑂𝑡 < 𝑂ℎ𝑖𝑔ℎ 

   

 

5. Environmental Analysis 

Compute deviations: ΔTt = Tt - Topt, ΔHt = Ht - Hopt. 

6. Adaptive Control 

Adjust HVAC: HVACt = f(Oclass(t), ΔTt, ΔHt) 

Predict future conditions: Ō(t+k) = ML_model(D{t-n:t}) 

7. Feedback Loop 

Monitor and adjust: Adjustt = g(desiredt - actualt) 

8. Energy Optimization 

Minimize energy consumption: min Et subject to comfort constraints 

9. Fault Tolerance and Scalability 

Detect and mitigate faults: Faultt = { 1 if fault detected; 0 otherwise } 

10. User Comfort 

Personalize settings: Comfortt = h(user preferences, Dt) 

11. Logging and Reporting 

Log activities Lt = {Dt, HVACt, Errort, Adjustt} 

12. Continuous Improvement 

Evaluate and optimize: Optimize = Evaluate(L{t-n:t}) 

Algorithm 1: Adaptive Algorithm 
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4. Effective Factors  

Several factors have influenced this model regarding specifications and determining the priority 

for each sole requirement. Such considerations are considered from the beginning of the model 

design. Desired characteristics are well maintained to meet the model requirements. The main 

features are listed below: 

 

4.1 Power consumption: This issue is handled by balancing individual and group request 

loads. Power requirements are considered when managing different devices or systems. Chosen 

algorithms can assist in distributing the loads with power consumption considerations. This 

approach would minimize energy waste. 

 

4.2. Load characteristics: Different load characteristics are considered in this model for 

scalability purposes. Thus, this model maintains several requirements, such as response time, 

despite various load needs. Also, quality of service is considered by classifying the load by the 

priority levels. This feature can ensure that critical and time-sensitive loads receive the resources 

they need.   

 

4.3. Network conditions: the current state of the network can affect the load balancing and 

other requirements. Thus, load distributions should be considered despite the various conditions 

to enable intelligent load balancing.  

 

4.4. Prediction modes: The chosen algorithms consider the load balancing and predictive 

modes of future load patterns. Analyzing historical data can be achieved by using machine learning 

algorithms for future data estimations. This consideration can help in optimally allocating 

resources.   

 

4.5. Fault tolerance: Multiple load-balancing algorithms ensure high availability and 

reliability. This can be achieved by mitigating the impact of maintenance activities or minimizing 

failures.  

 

4.6. Scalability: Scalability is a vital factor when choosing load balancing models. Increasing 

loads should be considered to adjust the load distribution and meet scalability needs. Thus, 

changing system conditions should be considered when using provision techniques for load 

balancing strategies.  

 

4.7. Cost optimization: The chosen model considers cost optimization and user preferences. 

In this factor, both resource utilization and user preferences are considered for enabling the best of 

the resources based on the needs of users. For example, when certain users or applications may 

have specific levels of requirements or priorities, the model can handle this issue based on the 

previous quality of service patterns. 
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5. Balancing Scenarios 

Adaptive models for crowded places are vital solutions for managing air-conditioning systems. 

However, this depends on the algorithms chosen to handle this issue. As mentioned earlier, 

different factors play critical roles when applying chosen algorithms. The main purpose of our 

model is to enable balancing scenarios for crowded places. So, different users can be served, 

enabling instant decision-making features. For example, when elderly people visit this place, they 

will be directly guided to appropriate places within the hall. Otherwise, others will be directed to 

other places that suit their circumstances. This would ensure both the efficiency of the adaptive 

air conditioning model and the highest level of comfort for all users. Thus, dynamic adjusting for 

location-based decisions will be managing airflow and temperature in crowded places.   

Our important goal is to determine the best places for each coming person with real-time decisions 

for adjustment and guidance for all coming people. Also, this model would maintain the best level 

of comfort for all current occupants. All generated data would assist our model in choosing the 

optimal situations in all the parts of the hall. Furthermore, identifying the various needs of 

occupants would enhance the possible solutions for future usability demands. Also, users' profile 

and needs for be saved for future decision making. This model depends on the personalized 

determination to enhance the user's comfort. Thus, it will help to enable good environmental 

conditions for all users. Also, energy saving is considered in this model to balance both occupant's 

comfort and resource allocations. Overall, the implementation of this system would manage 

between various factors in order to allow for optimal experience for all occupants in crowded 

places.   

Users need to address their issues earlier for more usability scenarios. However, due to the 

mentioned factor above, it is needed to address different circumstances. These circumstances 

include the weather changes, user needs and the number of occupants in crowded places. The user 

needs are classified based on the age, gender, and the health status. The weather changes must be 

considered when applying this model, for example at the time of the day or night. Also, the season 

plays a vital role in determining appropriate temperature rates based on the model. Furthermore, 

other geographical matters are considered for the type of area, e.g., costal, mountainous, and desert 

places.     
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6. Experimental Setup and Results 

Adaptability, energy efficiency, and user comfort were investigated in the experimental 

evaluations of an adaptive air conditioning system across five scenarios. When there is low 

occupancy (Scenario 1), where the occupancy level is just 20%, the system produces an air 

temperature of 22.5 degrees Celsius and 45 percent RH, consuming only 5.0 kW. It had a low 

response time of 2.0 seconds, yielding a human comfort level of 95% and an energy efficiency 

rate of 80%. This showed that the company scaled operations according to demand and yet 

provided comfortability. The experimental results are detailed in Table 1.  

The second scenario is where there was high occupancy at approximately 80 percent. The 

temperature went up, though marginally, to 23.0˚C and a relative humidity of 50%. This increased 

the power consumed up to 10.0kW and caused a longer response time of 3.5 seconds. This reduced 

the energy efficiency to 75%, and the system still had a 90% comfort feeling. It showed that the 

system could accommodate extra heat load, although it meant lower energy consumption. 

The Evening Peak scenario (scenario 3) with medium occupancy (50%) effectively controlled a 

room temperature of 21.0°C and a humidity level of 60%, utilizing 8.0 kw electricity and a delay 

time of 2. Comfort level was 92% and the energy efficiency was 78%. This illustrated the 

flexibility of the system under peak demand providing comfortable users and saving energy. 

Under Extreme Weather Scenario Four, when occupancy was 85%, the system struggled to 

achieve acceptable temperatures. The humidity level was lower at 25.0°C, and the temperature 

was 5% higher. The response time was lower at 4.0 seconds, while power consumption peaked at 

12.0 KW. The comfort level decreased to 85% while maintaining the minimum level of energy 

efficiency at 70%. It pointed out areas where enhancements could be made to system robustness 

and resource management under stressed conditions. 

Lastly, Scenario 5, Elderly Priority, stressed elderly comfort, where a medium occupancy room is 

maintained at 24.0°C and 55% humidity. It consumed a power of 9.0 kW and had a response time 

of 3.0 seconds, with a 93% satisfaction rate and 77% energy efficiency rating. In this way, it 

proved that the system is able to provide individualized atmospheric control, taking into account 

the specific needs of sensitive groups with minimal overall energy consumption. 

Results from an experimental evaluation of research on adaptive AC systems are useful for life 

and developmental technologies. Additionally, the studies display impressive breakthroughs in 

energy conservation by monitoring power utilization that varies depending on presence and 

absence. The aspect is also very critical towards minimising unwanted energy consumption in 

buildings which have been taken up as part of urbanisation concerns. 
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Furthermore, it enhances indoor Environmental Quality (IEQ), contributing to health and comfort 

in schools, homes, and workplaces. The integration of IoT with adaptive algorithms makes today's 

HVAC systems modern. Now, it is ready for tomorrow's smart and efficient climate control 

solutions. 

According to international goals that aim at creating a sustainable environment in the future, the 

study is sustainable because it deals with the challenges related to environmental protection. The 

system ensures that air conditioning has a low carbon footprint by enhancing energy efficiency 

and minimizing energy utilization. This is exemplified by the Elderly Priority scenario, where one 

has to recognize that climate control systems ought to be tailored based on particular demands for 

various sectors for improved livability. The implication of this research with regard to intelligent 

building technology is that adaptive systems are able to make effective use of real-time data for 

high-performance integrated building management. The study could help develop policies and 

build construction and maintenance standards to make them more environmentally friendly and 

convenient and promote wider sustainability across the board. In summary, the study seeks 

answers to some of the issues involved in building management and technology as a means for 

better environment. 

Table 1:Results Obtained Used Different Scenarios 

Test Scenario Avg. 

temperatur

e (°C) 

Avg. 

Humidity 

(%) 

Occupancy 

Level 

Power 

Consumption 

(kW) 

Response 

Time (s) 

User 

Comfort 

Level (%) 

Energy 

Efficiency 

(%) 

Scenario 1: 

Low 

Occupancy 

22.5 45 Low (20%) 5 2 95 80 

Scenario 2: 

High 

Occupancy 

23 50 High (80%) 10 3.5 90 75 

Scenario 3: 
Evening Peak 

21 60 Medium 
(50%) 

8 2.5 92 78 

Scenario 4: 

Extreme 
Weather 

25 40 High (85%) 12 4 85 70 

Scenario 5: 

Elderly Priority 

24 55 Medium 

(55%) 

9 3 93 77 
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7. Conclusion 

This study introduces an adaptable framework for the distribution and regulation of air 

conditioning in densely populated locations, with a particular focus on regions with high 

population density such as terminals and malls. The suggested approach utilizes contemporary 

sensors, control systems, feedback loops, and Internet-of-Things (IoT) technology to enhance the 

efficiency of HVAC systems. Our methodology seeks to enhance occupant comfort, conserve 

energy, and encourage sustainable HVAC management by dynamically adjusting HVAC 

consumption in response to real-time temperature, humidity, and occupancy data. The model's 

usefulness was shown by our testing findings in five different scenarios: low occupancy, high 

occupancy, nighttime peak, bad weather, and elderly priority. The system successfully achieved 

substantial energy save while maintaining comfort, demonstrating its flexibility and ability to be 

expanded. For example, when there were few people present, the model was able to keep 95% of 

users comfortable while using 80% less energy. On the other hand, when there were many people 

present, the model was able to handle the extra heat without a significant drop in energy efficiency. 

Our adaptive approach was found to have advantages over existing HVAC control methods in 

comparative studies. Our concept differs from standard fuzzy logic or ANN-based systems by 

including real-time feedback and predictive capabilities, resulting in improved fault tolerance and 

scalability. This feature renders it especially well-suited for dynamic and densely populated areas. 

this work represents a notable advancement in the progress of creating environmentally friendly 

and highly efficient HVAC systems. Our concept promotes global sustainability goals and offers 

a strong foundation for future HVAC advances by minimizing energy waste and enhancing indoor 

environmental quality. This research has the potential to provide valuable insights for policy 

makers and contribute to the creation of new construction standards that focus on environmental 

sustainability. 
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