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Abstract - This paper includes a literature review regarding the Heating, Ventilation and Air conditioning (HVAC) systems installed in 

buildings with particular attention paid to the issue of system design, energy performance and implementation of modern technologies. 

The following are among the important subjects of the review; the sizing of the HVAC system, the building control measures, energy use 

patterns and performance optimization methodologies besides utilization of Building Information Modeling (BIM) in enhancing the 

building coordination and lessening traits of conflict during system design. The results have showed that HVAC systems within buildings 

contribute a significant fraction of building energy consumption, and that their performance can be significantly enhanced by optimization 

design strategies including performance-based sizing, sophisticated control means including model predictive control and fuzzy logic, and 

optimization methods like genetic algorithm. Moreover, novel technologies, including artificial intelligence, machine learning, smart 

sensors, and simulation tools are becoming more actively exploited to optimize the performance of a specific system, implement predictive 

maintenance, and advance the comfort of occupants. Second, the review indicates significant impacts of a factors environment on the 

overall energy performance of a building as they relate to climate conditions, insulation, occupant behavior and system operation. 

Moreover, energy conservation strategies such as heat recovery system, thermal energy storage program, integration of renewable energy 

and enhanced HVAC systems have a great potential to save energy usage and carbon emissions. Even with these progresses, issues and 

setbacks continued with regard to the complexity of implementation, data integration, model accuracy, as well as, co-ordination amongst 

stakeholders. On the whole, the paper highlights the necessity of combined technology-based solutions to develop the sustainable, energy 

saving, and high-performance HVAC systems in the new modern structure. 

1. INTRODUCTION 

Structures consume a significant volume of energy worldwide, and it is HVAC systems that consume a significant portion of this 

energy, particularly in hot and humid areas. High temperature and humidity in places such as Middle East and some parts of Asia 

consume a lot of electricity in cooling. This increase in demand explains why energy-efficient solutions are necessary that would 

allow saving on consumption without compromising the comfort of the indoors and the air quality. Studies have indicated that the 

amount of energy consumed by buildings depends on numerous factors such as the climatic conditions, building design, insulation, 

the type of system fitted, and the behavior of occupants among others. The cooling load can be decreased by proper design of the 

building envelope, including using appropriate insulation of a wall and a roof. This does not only minimize energy usage but also 

minimizes the size and the cost of HVAC equipment. Nevertheless, the performance of insulation is determined by the type of the 

building, internal heat gains, and, thus, it is essential that the appropriate materials and thickness should be used, and the choice is 

predetermined in this situation. 

Besides design, the choice and design of HVAC systems are also considered important in terms of energy performance. Comparative 

studies of the various types of systems have revealed that sophisticated settings and the application of heat recovery systems can 

save a lot of energy. Energy recovery ventilators, solar-powered cooling, and streamlined air delivery systems are some of the 

technologies used to enhance the efficiency of the system. The issue of moisture control is of particular concern in hot and humid 

climates, since it has a direct impact on cooling load and the general performance of a system. The second important reason of 

decreasing energy consumption is incorporation of effective control measures. Complex control options such as using optimized 

start-stop schedules, temperature reset, economizer control and demand-based ventilation can achieve significant energy savings 

without significantly interrupting the level of comfort. Efforts to test these strategies have been highly successful with the simulation 

tools that enable engineers to test various situations and come with the most viable solutions. Control improvements have high 

payback periods and in most instances, minimal investment is required. 
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The performance is further improved through the continued monitoring and optimization of the HVAC system, like that of 

Continuous Commissioning, which can detect the operational problems and keep the efficiency of the system optimized with time. 

Such strategies do not only save energy used but also increase the life of equipment and enhance indoor environment.The analysis 

and design should also be reliable and this depends on the weather data and good energy modeling. Climate data over years give the 

engineers an insight of the local conditions and come up with more effective energy saving plans. Simulation models are better 

suited to real building data to be calibrated to optimize their accuracy and make sure that the simulations yield the same savings as 

the actual performance. Even with these improvements, there are still issues such as the complexity of the systems, availability of 

data and the fact that there is a need to have appropriate coordination between the stakeholders. Thus, the implementation of an 

effective design, sophisticated technologies, detailed modeling, and perfect functioning are required. On the whole, the proper 

design, control, and management of HVAC are capable of saving great amounts of energy, costs, and providing more comfort. These 

are strategies that are required to have sustainable and energy efficient buildings in construction today. 

2. METHODOLOGY 

2.1 HVAC Conservation and Techniques: 

Nabil Nassif et al. have discussed on "Better Way to Use a Dual VAV System to Save Energy." It uses outside air wisely and never 

uses both heating and cooling at the same time. Tests on small and big buildings have shown that a lot of heating energy and some 

cooling energy can be saved, along with some fan power. In simple words, a "Better Way to Use a Dual VAV System to Save Energy" 

is a system that will help buildings save more energy and be more efficient[12]. 

K.F. Fong et al. found that the saving energy in the HVAC system by changing the settings. The settings are the temperature of the 

water and the air, which work together in a smart way. This study proves that changing the settings every month can save energy 

and make the system work in a smart way. In short, changing the settings can help us save energy without spending any extra 

money[14]. 

Some of the authors like J.A. Wright , Rand Talib 1, Y. Asiedu and many more have been sayin g the same ideas and concludes and 

describe different techniques to improve the efficiency of the HVAC system and reduce the cost. They also show how computer 

tools and smart techniques can be used to design the HVAC system in a more efficient way. Some papers describe the techniques to 

reduce the cost of additional energy consumption using smart techniques and VAV systems. Other papers show the importance of 

using sensors, cameras, and actual data to identify the issues early and adjust the system based on the number of people in the 

building. Some papers also describe the importance of using artificial intelligence and machine learning techniques to improve the 

performance of the HVAC system. These techniques can help the system learn and improve performance.All the papers conclude 

the importance of using technology and smart techniques to improve the efficiency of the HVAC system. They also show that still 

many improvements are needed to achieve high accuracy [16,28]. 

Y. Asiedu , W. Huang and his colleagues says these papers discuss how genetic algorithms can be used to make HVAC systems 

better. They can help in selecting the best system and make controllers better.The research has shown that this method can cope with 

complicated problems and produce better results compared to traditional methods. It can make the system work more smoothly and 

increase its response time and accuracy. To put it simply, genetic algorithms can make HVAC systems better and more reliable; 

however, more research is necessary to make these systems faster and easier to use in real life [35,36]. 

Vahid Vakiloroaya et al. found out that to save the energy used in the HVAC system because the fuel is reducing and pollution is 

increasing. It tells us that with the right design, we can make the building comfortable and reduce the consumption of energy. It tells 

us that the right design depends on the weather, cost, and type of building. In simple words, it tells us that with the right design and 

technology, the HVAC system can function well and reduce the consumption of energy [45]. 

S. N. Teli concludes that normal HVAC systems consume a lot of fuel, but we must save energy. This paper explains that proper 

design with smart methods can help the system work properly while keeping people comfortable. In simpler terms, saving energy 

is related to weather, cost, and the way the building is used [64]. 

Cuimin Li et al. explains the movement and distribution of air with the temperature in the room using a special air conditioning 

system. It tells us that the room is comfortable with this system because it distributes cool and warm air. It is functioning well even 

in warm weather. In simple words, this system is the best compared to normal air conditioning[66]. 
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José Fernández-Seara  et al. describes a building that uses a heat recovery system in ventilation. It takes the heat out of the air that 

is going out and gives it to the air that is coming in. The system works well, and it becomes stable after some time. However, the 

performance of the system can change a little depending on the temperature, humidity, and airflow. In other words, it can help in 

saving energy, but weather changes can affect the performance of the system a little[75]. 

Some publisher like José Fernández-Seara, M. Fasiuddin, Shih-Cheng Hu and there colleagues found out that different methods of 

saving energy in HVAC systems. One paper indicates that it is possible to cool a house during the day by the sun and save some 

electricity. Another paper indicates that by using modern control systems and better settings for the systems, it is possible to save 

some energy, especially in hot places, and also maintain a comfortable temperature in rooms. Another paper compares different 

HVAC systems and indicates that some systems are better than others and that air flow and noise also matter [78,80]. 

D. Dong et al. says to enhancement of the HVAC system in school. Targeting with selecting appropriate have contributed to getting 

them more energy saved. Proper checking has saved the building a good portion every year [85]. 

Mingsheng Liu et al. describe that simple and more calibrated methods were employed in order to make HVAC system more efficient 

and this system saved best operating schedule, control system settings, and also was able to find some problems in this research. 18 

LoanSTAR buildings were examined and it revealed that could have saved 2 million a year in this system, and also building up to 

23 percent of heating and cooling could be saved in this system[91]. 

Budaiwi et al. found on mosque what way energy could be saved in HVAC system without decreasing comfort,  had HVAC system 

been designed and operated properly. It reminds us that with the over size HVAC system can help In saving energy by 23 percent 

rather than operating the system full time, just an hour of operation can cool the surrounding more quickly but insulation can be 

right, by cooling only the part of the structure being used can save 30 percent more energy, combining HVAC operation with 

intelligent zoning can save up to 48 percent of energy[97]. 

2.1.1 Indoor Air Quality Control: 

C.-A. Roulet et al. found out the use of heat recovery in ventilation systems to save energy. According to the paper, saving energy 

is possible if the system is properly installed with no leakage of air; otherwise, the energy-saving will be less. In simpler terms, 

proper design helps save energy while keeping the air clean [69]. 

E.H.,Mathews et al. describe the improvement of the HVAC system to make the room comfortable while saving energy. The paper 

explains that different methods, such as time, temperature, and air flow, were tested. By doing this, we can save energy as well as 

reduce the cost. In simpler terms, the HVAC system can save a lot of energy as well as reduce the cost [83]. 

Ik-Seong Joo et al.tells us saving of energy with the help of an economizer in the HVAC system. It is discussed how the cooling of 

the building can be reduced by using cool outside air. More energy can be saved with some systems compared to others depending 

on the way they work. In simple words, the usage of outside air can help in the saving of energy [96]. 

2.2 BIM System Clashes Identification: 

E.A. Pärna et al. says the finding of design problems in a big building with the help of BIM. Different engineers designed the 

building. When the designs were combined, many clashes were seen among the pipes, ducts, and structure parts. BIM helped in 

finding these problems. In simple words, BIM can identify the mistakes, but it cannot prevent them. Proper usage of tools and 

teamwork is required [2]. 

Some of the authors like Xinxin Tang , Zhen-Zhong Hu and there colleague foud that the use of BIM to enhance the design of HVAC 

and MEP systems in an easier way. The papers discuss that the traditional methods used in the design process are time-consuming, 

but with the help of BIM, the process is easier as the information is shared, the design is enhanced, and the clashes are easily 

identified. It also helps in the use of smart methods to solve complicated issues.Another study proves that the use of various levels 

of BIM helps in effective teamwork, enabling the easy handling of large projects. In short, BIM helps the engineers design the 

project faster, easier, and with less chance of errors [4, 5]. 

Porwal et al. tells us the problems that occur while using BIM in government building projects. The problems occur due to the rules, 

cost constraints, and lack of teamwork. If the teams do not work together, the use of BIM is not effective. The paper suggests that 

all teams must work together from the beginning with the same model. In short, teamwork is the key to the effective use of BIM 

with less chance of errors [6]. 
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Author like Merschbrock , M. Al Hattab along with there colleague discuss the ways in which BIM helps teams work together in 

construction projects. The papers prove that BIM is effective in projects where teams work well together, with proper roles, proper 

training, and where information is easily shared among team members. Leadership support is also an important aspect. The papers 

also prove that teamwork and communication can help teams detect and prevent errors early in the project. In short, teamwork and 

information sharing help projects go well, and errors are reduced [7,8]. 

2.3 MEP BUILDING SERVICES AND ENERGY SAVINGS: 

Dr. Rogelio Palomera-Arias has concludes and discusses some popular books used as texts for teaching construction and MEP 

systems such as HVAC, electrical, and plumbing systems. The paper proves that the books are good for teaching the basics, but 

some popular books lack important information on new technologies, energy saving, and project work. In short, the books are good 

for the basics, but students must acquire more knowledge on new technologies for real work [1]. 

Luis Pe´rez-Lombard et al. found out that buildings consume a lot of energy, especially for HVAC systems. It further indicates that 

as the number of people in a particular city increases, so will their energy consumption. Therefore, there is a need to enhance rules, 

new technologies, and energy consumption in general. In simple words, energy consumption in buildings is a very significant aspect 

in the future, as this paper indicates [3]. 

F. Asdrubali et al. explain us the energy consumption in buildings in two different countries. It indicates that apartments consume 

less energy than independent homes. Further, this paper indicates that some rules are more stringent in one country than in another. 

In simple words, rules and information are significant in assisting individuals in choosing buildings with high energy consumption, 

as this paper indicates [9]. 

People like Richard S. Miller, Pejman Ebrahimi and their colleague discuss how building safety can be improved and energy 

conserved.Through this paper, it is clear that building safety can be improved by using pressurized staircases, which can stop the 

spread of smoke from these buildings in a better manner than lifts. It is further mentioned in this paper that the proper functioning 

of these systems depends on many other factors, such as the speed of the fans.Through this paper, it is clear that using heat pumps 

instead of regular systems can reduce energy consumption, gas consumption, and pollution while keeping the rooms comfortable 

[10,11]. 

Janghyun Kim et al. concludes using Passive Chilled Beam systems to reduce energy consumption in buildings.Through this paper, 

it is clear that this system consumes less energy than regular systems, especially in hot locations. By using other parts, these systems 

can work in a better manner.Through this paper, it is clear that this system can reduce energy consumption while keeping people 

comfortable [13]. 

Vincent J.L et al. shows us that using computer tools to conserve energy in buildings. It shows how these tools can be used to predict 

the consumption of energy and design buildings well. Using smart technology can also ease the process. In simple words, using 

computer tools can help design buildings to conserve energy and design them well [15]. 

Keii Gi1 , Santosh K. Guptaa , Y. Acquaah and their colleague shows us the future usage of energy and the intelligent way to control 

the HVAC equipment. These papers show that the demand for cooling will rise with global warming, yet with proper insulation, 

quality equipment, and clean energy sources, the demand can be lessened. Other papers show the way to control the temperature 

using sensors and smart technology. They also show the way to measure the number of people using the camera-based method to 

control the HVAC equipment in a better way [29,31]. 

Luis Pe´rez-Lombard et al. explain us the using energy labels for buildings. It shows how buildings are tested for the consumption 

of energy and rated. It helps people compare buildings and design them well. In simple words, using energy labels can help conserve 

energy by designing good buildings [34]. 

Some authors like KeigoAkimoto, Keigo Akimoto, Vassilis Daioglou  alonf with their colleague discuss the usage of energy, climate 

change, and the reduction of pollution. They illustrate the point that the usage of energy is rising, especially for cooling purposes, 

with the rise in the population of the country and the increase in temperature. It can be controlled with the help of advanced 

technology and clean sources of energy, which might be costly and different for different countries.Some papers illustrate the point 

that the income level, lifestyle, and location of people affect the usage of energy in their homes. They also illustrate the point that 

climate change might affect the usage of energy for cooling purposes. In simple words, the reduction of energy usage and pollution 

can be done with the help of advanced technology, proper planning, and the collaboration of different countries [37,44]. 
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Many Authors like Napoleon Enteria, Ronghui Qi along with their colleague discuss different techniques to cool buildings with less 

electricity consumption to reduce pollution. These papers prove that using normal air conditioning to cool buildings requires much 

electricity, especially in hot weather. So, different techniques such as solar cooling, desiccant cooling, and evaporative cooling being 

is researched. These techniques require less electricity, dehumidify the air, and improve the quality of the indoor environment. Even 

these techniques can cool buildings using the sun and water, which saves electricity. Many papers also prove that using different 

techniques to cool buildings and control the cooling system can efficiently cool the buildings if the system is not working under full 

load. In simple words, using different techniques to cool buildings with the help of the sun can save electricity, maintain the indoor 

environment, and protect the environment [46, 63]. 

T. Magraner et al. express the actual performance with the simulated performance of the ground heat pump system. The results show 

that the traditional methods overestimate the efficiency by 15-20%, mainly because the performance is reduced during the partial 

load operation. If this is taken into consideration, the gap is reduced. This shows the necessity for accurate models to ensure the 

reliability of the prediction[65]. 

M.M. Rahman, K. Nagano with their team shows, the performance of the thermal energy storage system in the high-rise building 

with an air-cooled chiller is discussed. The results show that full storage is more effective than partial storage; however, both provide 

cost benefits. The performance of the floor-based system with the help of phase change materials is also discussed. The small-scale 

system is found to be effective in controlling the indoor temperature, enabling the system to switch from day to night cooling, thus 

improving the efficiency [67, 68]. 

H. Manz, L.Z. Zhang and their colleagues shows that advanced ventilation systems can transfer air and recover heat at the same 

time by using aluminum fins; in addition, proper design and insulation can enhance efficiency by reducing airflow resistance. It is 

noted that in hot and humid environments like Hong Kong, more energy is required for dehumidification than for cooling fresh air; 

thus, advanced systems can outperform simple systems. There are several techniques in refrigeration control: cylinder unloading, 

hot-gas bypassing, and suction gas throttling. These techniques have different trade-offs in terms of efficiency, accuracy, and 

applicability; suction throttling is commonly used in these systems. Energy savings in buildings can be achieved by using heat 

recovery systems; in these systems, total heat recovery is more efficient in terms of cost and heat and moisture transfer compared 

to sensible heat recovery systems, which depend on the climate and types of buildings. Moreover, there are heat exchangers made 

of paper materials that show high efficiency and reliability in transferring heat and moisture in different environments [70,74]. 

Mohammad Rasouli et al. and Shahram Delfani et al. shows us that different climatic conditions, the application of energy recovery 

ventilation can improve the efficiency of buildings by recovering heat and moisture, which can reduce the demand for cooling 

energy. However, lack of maintenance can increase the demand for energy. They also indicate that in hot and humid climatic 

conditions, the application of cooling systems with heat recovery and low supply of fresh air can reduce the demand for energy, as 

it requires fewer additional components [76, 77]. 

MOHAMMAD S. AL-HOMOUD and F. A. AL-SULAIMAN et al. observed that the application of proper insulation to the walls 

and roofs can improve the efficiency of buildings by reducing the demand for cooling. It is also indicated that the required level of 

insulation depends on the internal heat loads, with buildings producing high heat levels requiring high levels of insulation. In the 

case of buildings located in hot and humid climatic conditions, such as those in the eastern part of Saudi Arabia, where high 

temperature and saline conditions can reduce the efficiency and longevity of air conditioning equipment, the application of proper 

insulation is important to enhance the efficiency and longevity [81, 82]. 

Caglar Selcuk Canbay et al. expressed the importance of using energy audits to reduce the consumption of energy in the HVAC 

system. It is evident that the consumption can be reduced by up to 22%, depending on the seasonal conditions this is what Caglar 

Selcuk Canbayis saying [84]. 

David E. Claridge, E.H. Mathews Yimin Zhu  along with many researchers explained the importance of the continuous 

commissioning and monitoring of the building. It is evident that simulation tools can be used to optimize the strategies, which can 

lead to the reduction of costs. Moreover, it is evident that access to accurate weather data is important to ensure the design of efficient 

buildings, especially in regions with high building energy consumption, such as Saudi Arabia. Finally, it is evident that conducting 

energy audits is important for buildings with high ages, as it can help to reduce costs in the long term [86,90]. 

Yiqun Pan et al, M. Fasiuddin et al, and some researchers showed us the performance of buildings with reference to the consumption 

of energy using detailed inspections and simulations. They determine the best strategies to ensure efficiency. From the research 

findings, it is evident that simple operations can lead to the reduction of heating, ventilation, and air conditioning consumption by 
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up to 16%, which is cost-effective. Older buildings show greater potential for improvement, while the evaluation systems promote 

the consumption of renewable energy [92, 95]. 

2.4 Model Predictive Control (MPC) System Significance: 

Some of the researchers like Shiyu Yang, Roger Kwadzogah  along with their friends observed the efficiency of the Model Predictive 

Control approach in terms of energy efficiency in HVAC systems, indicating that the approach is superior to traditional methods in 

dealing with the complexities involved in the system's behavior. The simplified neural network-based approach for the MPC is 

found to provide the same level of energy savings, i.e., 51% in offices and 36% in lecture halls, but is faster and more suitable for 

implementation, though less accurate. Despite the advantages, the approach is found to be limited in some cases due to the accuracy 

requirements and computational complexity involved in the approach [32, 33]. 

CONCLUSION 

It is evident in the review that HVAC systems are vital in the building energy consumption and are already critical in ensuring that 

sustainability and better indoor environmental quality are realised. It has also been shown in the analysis of the reviewed works that 

the primary way to energy efficiency with better system design, such as performance-based sizing, duct and system optimization 

design, and implementation of more advanced control methods, including model predictive control, fuzzy logic, and intelligent 

optimization techniques are the primary ways to achieve significant improvements in energy efficiency. Monitoring, predicting, and 

optimizing the performance of HVAC systems in real time may additionally be improved with the integration of modern 

technologies, including artificial intelligence, machine learning, smart sensors, and simulation tools. Moreover, BIM has been found 

to be good in enhancing coordination, minimizing design clashes, and aiding in better decision-making across the life cycle of 

building despite some interoperability and collaboration issues. Heat recovery, thermal energy storage, better insulation, and 

renewable energy systems are other forms of energy saving methods, which significantly help save total energy consumption and 

carbon emissions. Nevertheless, these solutions cannot work efficiently without the adequate implementation, data correctness, 

maintenance, and the fact that they pay attention to the real-life aspects including climate conditions and occupancy behaviour. 

Conclusively, the implementation of energy saving and high-performance HVAC systems needs the inclusion of all stakeholders 

working together in a holistic manner in order to deliver sustainable and future-oriented buildings through advanced technologies 

and exploring better design approaches, as well as creating improved coordination with all stakeholders 

REFERENCES: 

[1] Dr. Rogelio Palomera-Arias, Mechanical, Electrical and Plumbing Systems in Construction Management: A Literature Review of Existing MEP Textbooks, 

American Society for Engineering Education, 2015. 

[2] E.A. Pärna,⁎, D.J. Edwardsa, Michael C.P. Singb, Origins and probabilities of MEP and structural design clashes within a federated BIM model, Automation 

in Construction 85 209–219, 2018. 

[3] Luis Pe´rez-Lombard a,*, Jose´ Ortiz b, Christine Pout b, A review on buildings energy consumption information, Energy and Buildings 40 394–398, 2008. 

[4] Xinxin Tang, Jili Zhang, Ruobing Liang, The design of heating, ventilation, and air conditioning systems based on building information modeling: A review 

from the perspective of automatic and intelligent methods, Journal of Building Engineering Volume 82, 108200, 1 April 2024. 

[5] Zhen-Zhong Hu a, Jian-Ping Zhang a, Fang-Qiang Yu a, Pei-Long Tian a, Xue-Song Xiang b, Construction and facility management of large MEP projects using 

a multi-Scale building information model, Advances in Engineering Software, Volume 100, Pages 215-230, October 2016. 

[6]  Porwal, K.N. Hewage, Building information modelling (BIM) partnering framework for public contracts, Autom. Constr. 31 204–214, 2013. 

[7] Merschbrock, B.E. Munkvold, Effective digital collaboration in the construction industry – a case study of BIM deployment in a hospital construction project, 

Comput. Ind. 73 1–7,2015. 

[8] M. Al Hattab, F. Hamzeh, Using social network theory and simulation to compare traditional versus BIM–lean practice for design error management, Autom. 

Constr. 52 59–69, 2015. 

[9] F. Asdrubali a , M. Bonaut b, M. Battisti a, M. Venegas b, Comparative study of energy regulations for buildings in Italy and Spain, Energy and Buildings 40 

1805–1815,2008. 

[10] Richard S. Miller*, Don Beasley, On stairwell and elevator shaft pressurization for smoke control in tall buildings, Building and Environment 44 1306–1317, 

2009. 

[11] Pejman Ebrahimi, Iffat Ridwana and Nabil Nassif, Solutions to Achieve High-Efficient and Clean Building HVAC Systems, Buildings 13, 1211, 2023. 

[12] Nabil Nassif * and Iffat Ridwana, Improving Building Energy Performance Using Dual VAV Configuration Integrated with Dedicated Outdoor Air System, 

Buildings, 11, 466, 2021. 

[13] Janghyun Kim a,b , Athanasios Tzempelikos b,c, James E. Braun a,b,c, Energy savings potential of passive chilled beams vs air systems in various US climatic 

zones with different system configurations, Energy & Buildings 186 244–260, 2019. 

[14] K.F. Fong a,*, V.I. Hanby b, T.T. Chowa, HVAC system optimization for energy management by evolutionary programming, Energy and Buildings 38 220–231, 

2006. 

[15] Vincent J.L. Gan, Irene M.C. Lo, Jun Ma, K.T. Tse, Jack C.P. Cheng, C.M. Chan, Simulation Optimisation towards Energy Efficient Green Buildings: Current 

Status and Future Trends, Journal of Cleaner Production, 04 January 2020. 

[16] J.A. Wright, Ph.D. V.I. Hanby, Ph.D, THE FORMULATION, CHARACTERISTICS AND SOLUTION OF HVAC SYSTEM OPTIMIZED DESIGN 

PROBLEMS, ASHRAE Transactions Vol. 93, 1987. 

Published by : International Journal of Engineering Research & Technology (IJERT)
https://www.ijert.org/ ISSN: 2278-0181
An International Peer-Reviewed Journal Vol. 15 Issue 04 , April - 2026

IJERTV15IS041103 Page 6

(This work is licensed under a Creative Commons Attribution 4.0 International License.)



[17] Rand Talib 1, Nassif Nabil 1,* and Wonchang Choi 2, Optimization-Based Data-Enabled Modeling Technique for HVAC Systems Components, Buildings , 

10, 163, 2020. 

[18] V I Hanby BSc PhD CEng MInstE MCIBSE and P P Angelov BEng MSc PhD MIEEE, Application of univariate search methods to the determination of HVAC 

plant capacity,Building serv.Eng.Res.Technol. 21(3)161-166, 2000. 

[19] Y. Asiedu a , Robert W. Besant b & P. Gu c a Venmar CES , Saskatoon, Saskatchewn, HVAC Duct System Design Using Genetic Algorithms, HVAC&R Research, 

6:2, 149-173, 16 October 2014. 

[20] Duanzheng Li 1, Mutellip Ahmat 1,*, Hongqing Cao 2 and Fankai Di 1, Optimization of Double-Closed-Loop Control of Variable-Air-Volume Air-Conditioning 

System Based on Dynamic Response Model, Buildings, 14, 677, March 2024. 

[21] DeQuante Rashon Mckoy 1,*, Raymond Charles Tesiero 2,*, Yaa Takyiwaa Acquaah 1,* and Balakrishna Gokaraju 1, Review of HVAC Systems History and 

Future Applications, Energies, 16, 6109, August 2023. 

[22] Mohammad Hassan Fathollahzadeh 1, Paulo Cesar Tabares-Velasco, Integrated framework for optimization of air- and water-side HVAC systems to minimize 

electric utility cost of existing commercial districts, Energy and Buildings Volume 273, 112328, October 2022 

[23] Saman Taheri, Paniz Hosseini, Ali Razban, Model Predictive Control of Heating, Ventilation, and Air Conditioning (HVAC) Systems: A State-of-the-Art 

Review, Journal of Building Engineering Volume 60, 2022, 105067, November 2022. 

[24] Luis Perez-Lombarda,∗, Jose Ortizb, Juan F. Coronela, Ismael R. Maestrec, A review of HVAC systems requirements in building energy regulations, Energy and 

Buildings 43 255–268, 2011. 

[25] ALEX BELTRAN, VARICK L. ERICKSON, ALBERTO E. CERPA, ThermoSense: Occupancy Thermal Based Sensing for HVAC Control, Buildsys’13, 

Rome, Italy.Copyright 2013 ACM 978-1-4503-2431-1/13/11, November. 2013. 

[26] Paige Wenbin Tien *, Shuangyu Wei, Jo Darkwa, Christopher Wood, John Kaiser Calautit,  Machine Learning and Deep Learning Methods for Enhancing 

Building Energy Efficiency and Indoor Environmental Quality – A Review, Energy and AI 10 100198, 2022. 

[27] Shiyu Yang a,b, Man Pun Wana, Wanyu Chen a, Bing Feng Ng a, Swapnil Dubey b, Model predictive control with adaptive machine-learning-based model for 

building energy efficiency and comfort optimization, Applied Energy 271 115147, 2020. 

[28] Davide Borda 1,2,* , Mattia Bergagio 1,2,* , Massimo Amerio 1,2 , Marco Carlo Masoero 3,Romano Borchiellini 2,3 and Davide Papurello 2,3, Development of 

Anomaly Detectors for HVAC Systems Using Machine Learning, Processes, 11, 535, 2023. 

[29] Keii Gi1 & Fuminori Sano1 & Ayami Hayashi 1 & Toshimasa Tomoda1 & Keigo Akimoto1, A global analysis of residential heating and cooling service demand 

and cost-effective energy consumption under different climate change scenarios up to 2050, Research Institute of Innovative Technology for the Earth, 

Kizugawadai 9-2, Kizugawa-shi, Kyoto 612-0292, Japan 2016. 

[30] Santosh K. Guptaa,*,,Sam Atkinsonb, Ian O’Boyleb, John Drogoa, Koushik Kara, Sandipan Mishrac, John T. Wena, BEES: Real-time occupant feedback and 

environmental learning framework for collaborative thermal management in multi-zone,multi-occupant buildings, Energy and Buildings 125 142–152, 2016. 

[31] Y. Acquaah, J. B. Steele, B. Gokaraju, R. Tesiero and G. H. Monty, "Occupancy Detection for Smart HVAC Efficiency in Building Energy: A Deep Learning 

Neural Network Framework using Thermal Imagery," 2020 IEEE Applied Imagery Pattern Recognition Workshop (AIPR), Washington DC, DC, USA,  pp. 1-

6, 2020. 

[32] Shiyu Yang a,b, Man Pun Wan a,*, Wanyu Chen a, Bing Feng Ng a, Swapnil Dubey b, Experiment study of machine-learning-based approximate model predictive 

control for energy-efficient building control, Applied Energy 288 116648, 2021. 

[33] Roger Kwadzogah, Mengchu Zhou, Fellow, IEEE, and Sisi Li, Student Member, Model Predictive Control for HVAC Systems - A Review, ©2013 IEEE, 978-

1-4799-1515-6/13/$31.00, 2013. 

[34] Luis Pe´rez-Lombard a,*, Jose´ Ortiz b, Rocı´o Gonza´ lez a, Ismael R. Maestre c, A review of benchmarking, rating and labelling concepts within the framework 

of building energy certification, Energy and Buildings 41 272–278, 2009. 

[35] J A Wright, HVAC optimisation studies: Sizing by genetic algorithm,Building Serv.Eng,Res.Technol.17(1)7-14, 1996. 

[36] W. Huang, H.N. Lam, Using genetic algorithms to optimize controller parameters for HVAC systems, Energy and Buildings Volume 26, Issue 3,  Pages 277-

282, 1997. 

[37] KeigoAkimoto,FuminoriSano,TakashiHomma,JunichiroOda,MiyukiNagashima,MasanobuKii, Estimates of GHG emission reduction potential by country, 

sector, and cost, Energy Policy 38 3384–3393, 2010. 

[38] Keigo Akimoto a,b,*, Fuminori Sano a, Takashi Hommaa, Kohko Tokushige a,Miyuki Nagashima a, Toshimasa Tomoda a, Assessment of the emission reduction 

target of halving CO2 emissions by 2050: Macro-factors analysis and model analysis under newly developed socio-economic scenarios, Energy Strategy 

Reviews 2 246e256, 2014. 

[39] Vassilis Daioglou a,*, Bas J. van Ruijven b,d,2, Detlef P. van Vuuren b,c,1, Model projections for household energy use in developing countries, Energy 37 601e615, 

2012. 

[40] Andre Frossard Pereira de Lucena *, Roberto Schaeffer, Alexandre Salem Szklo, Least-cost adaptation options for global climate change impacts on the 

Brazilian electric power system, Global Environmental Change 20 342–350, 2010. 

[41] Ayami Hayashi · Keigo Akimoto · Fuminori Sano ·Shunsuke Mori · Toshimasa Tomoda, Evaluation of global warming impacts for different levels of 

stabilization as a step toward determination of the long-term stabilization target, Climatic Change 98:87–112, 2010. 

[42] Morna Isaac  _, DetlefP.vanVuuren, Modeling global residential sector energy demand for heating and air conditioning in the context of climate change, Energy 

Policy 37 507–521, 2009. 

[43] PeterG.Taylor  _, OlivierLavagned’Ortigue, MichelFrancoeur, NathalieTrudeau, Final energy use in IEA countries: The role of energy efficiency, Energy Policy 

38  6463–6474, 2010. 

[44] Bernard Aebischer, Giacomo Catenazzi, Martin Jakob, Impact of climate change on thermal comfort, heating and cooling energy demand in Europe, 

Proceedings eceee (pp. 859-870), 2007. 

[45] Vahid Vakiloroaya a, Bijan Samali b, Ahmad Fakhar c, Kambiz Pishghadam d, A review of different strategies for HVAC energy saving, Energy Conversion and 

Management 77 738–754, 2014. 

[46] Napoleon Enteria∗, Kunio Mizutani, The role of the thermally activated desiccant cooling technologies in the issue of energy and environment, Renewable and 

Sustainable Energy Reviews 15 2095–2122, 2011. 

[47] Ronghui Qi, Lin Lu∗, Hongxing Yang. Investigation on air-conditioning load profile and energy consumption of desiccant cooling system for commercial 

buildings in Hong Kong, Energy and Buildings 49 509–518, 2012. 

[48] Ye Yao a,*, Jing Chen ,b, Global optimization of a central air-conditioning system using decomposition–coordination method, Energy and Buildings 42 570–

583, 2010. 

Published by : International Journal of Engineering Research & Technology (IJERT)
https://www.ijert.org/ ISSN: 2278-0181
An International Peer-Reviewed Journal Vol. 15 Issue 04 , April - 2026

IJERTV15IS041103 Page 7

(This work is licensed under a Creative Commons Attribution 4.0 International License.)



[49] Constantinos a. Balarasa, Gershon Grossman b,_, Hans-Martin Henningc, Carlos A. Infante Ferreirad, Erich Podessere,Lei Wangd, Edo Wiemkenc, Solar air 

conditioning in Europe—an overview, Renewable and Sustainable Energy Reviews 11 299–314, 2007. 

[50] Heena Panchasara 1,2 , Nahidul Hoque Samrat 3 and Nahina Islam 1,2,4, Greenhouse Gas Emissions Trends and Mitigation Measures in Australian Agriculture 

Sector—A Review, Agriculture, 11, 85, 2021. 

[51] K.F. Fong *, T.T. Chow, C.K. Lee, Z. Lin, L.S. Chan, Comparative study of different solar cooling systems for buildings in subtropical city, Solar Energy 84  

227–244, 2010. 

[52] Hisham El-Dessouky∗, Hisham Ettouney, Ajeel Al-Zeefari, Performance analysis of two-stage evaporative coolers, Chemical Engineering Journal 102 255–

266, 2004. 

[53] Umberto Desideri*, Stefania Proietti, Paolo Sdringola, Solar-powered cooling systems: Technical and economic analysis on industrial refrigeration and air-

conditioning applications, Applied Energy 86 1376–1386, 2009. 

[54] Q. Ma, R.Z. Wang *, Y.J. Dai, X.Q. Zhai, Performance analysis on a hybrid air-conditioning system of a green building, Energy and Buildings 38 447–453, 

2006. 

[55] Zhenjun Ma, Shengwei Wang *, Xinhua Xu, Fu Xiao, A supervisory control strategy for building cooling water systems for practical and real time applications, 

Energy Conversion and Management 49 2324–2336, 2008. 

[56] V. Vakiloroaya a, Q.P. Ha a,⁎, B. Samali b, Energy-efficient HVAC systems: Simulation–empirical modelling and gradient optimization, Automation in 

Construction 31 176–185, 2013. 

[57] Yi Jiang, Xiaoyun Xie*, Theoretical and testing performance of an innovative indirect evaporative chiller, Solar Energy 84 2041–2055, 2010. 
[58] Ankur Khandelwal, Prabal Talukdar∗, Sanjeev Jai, Energy savings in a building using regenerative evaporative coolin, Energy and Buildings 43 581–59, 2011. 

[59] Ghassem Heidarinejad a,*, Moien Farmahini Farahani a, Shahram Delfani b, Investigation of a hybrid system of nocturnal radiative cooling and direct 

evaporative cooling, Building and Environment 45 1521–1528, 2010. 

[60] B. Riangvilaikul *, S. Kumar, An experimental study of a novel dew point evaporative cooling system, Energy and Buildings 42 637–644, 2010. 

[61] Shahram Delfania, Jafar Esmaeeliana,∗, Hadi Pasdarshahrib, Maryam Karamia, Energy saving potential of an indirect evaporative cooler as a pre-cooling unit 

for mechanical cooling systems in Iran, Energy and Buildings 42 2169–2176, 2010. 

[62] E. Hajidavalloo*, H.Eghtedari, Performance improvement of air-cooled refrigeration system by using evaporatively cooled air condenser, international journal 

of refrigeration 33 982–988, 2010. 

[63] M. Youbi-Idrissi *, H. Macchi-Tejeda, L. Fournaison, J. Guilpart, Numerical model of sprayed air cooled condenser coupled to refrigerating system, Energy 

Conversion and Management 48 1943–1951, 2007. 

[64] S. N. Teli, REVIEW PAPER ON ENERGY EFFICIENCY TECHNOLOGIES FOR HEATING, VENTILATION AND AIR CONDITIONING (HVAC), 

International Journal of Scientific & Engineering Research, ISSN 2229-5518, Volume 6, Issue 12, December-2015. 

[65] T. Magraner a, A. Montero b,∗, S. Quilis a, J.F. Urchueguia c, Comparison between design and actual energy performance of a HVAC-ground coupled heat pump 

system in cooling and heating operation, Energy and Buildings 42 1394–1401, 2010. 

[66] Cuimin Li, Jianing Zhao, Experimental Study on Indoor Air Temperature Distributio of Gravity Air-Conditioning for Cooling, Energy Procedia 17 961 – 967, 

2012. 

[67] M.M. Rahman, M.G. Rasul*, M.M.K. Khan, Feasibility of thermal energy storage systems in an institutional building in subtropical climates in Australia, 

Applied Thermal Engineering 31 2943e2950, 2011. 

[68] K. Nagano a, S. Takeda a,*, T. Mochida a, K. Shimakura a, T. Nakamura b. Study of a floor supply air conditioning system using granular phase change material 

to augment building mass thermal storage—Heat response in small scale experiments, Energy and Buildings 38 436–446, 2006. 

[69] C.-A. Roulet a,*, F.D. Heidt b, F. Foradini c, M.-C. Pibiri a, Real heat recovery with air handling units, Energy and Buildings 33 495±502, 2001. 

[70] H. Manz a, H. Huber b, Experimental and numerical study of a ductrheat exchanger unit for building ventilation, Energy and Buildings 32  189–196, 2000. 

[71] L.Z. Zhang *, J.L. Niu, Energy requirements for conditioning fresh air and the longterm savings with a membrane-based energy recovery ventilator in Hong 

Kong, Energy 26 119–135, 2001. 

[72] Mohammad Yaqub Syed M. Zubair1, Capacity Control for Refrigeration and Air-Conditioning Systems: A Comparative Study, © 2001 by ASME 92 Õ Vol. 

123, MARCH 2001. 

[73] Zhong Ke, Kang Yanming, Applicability of air-to-air heat recovery ventilators in China, Applied Thermal Engineering 29 830–840, 2009. 

[74] M. Nasif a,b,∗, R. AL-Waked c,1, G. Morrison a,2, M. Behnia d,3, Membrane heat exchanger in HVAC energy recovery systems, systems energy analysis, Energy 

and Buildings 42 1833–1840, 2010. 

[75] José Fernández-Seara *, Rubén Diz, Francisco J. Uhía, Alberto Dopazo, José M. Ferro, Experimental analysis of an air-to-air heat recovery unit for balanced 

ventilation systems in residential buildings, Energy Conversion and Management 52 635–640, 2011. 

[76] Mohammad Rasouli, Carey J. Simonson∗, Robert W. Besant, Applicability and optimum control strategy of energy recovery ventilators in different climatic 

conditions, Energy and Buildings 42 1376–1385, 2010. 

[77] Shahram Delfani a,∗, Hadi Pasdarshahri b, Maryam Karami c , Experimental investigation of heat recovery system for building air conditioning in hot and humid 

areas, Energy and Buildings 49 62–68, 2012. 

[78] J. Guo *, H.G. Shen, Modeling solar-driven ejector refrigeration system offering air conditioning for office buildings, Energy and Buildings 41 175–181, 2009. 

[79] M. Fasiuddin∗, I. Budaiwi, HVAC system strategies for energy conservation in commercial buildings in Saudi Arabia, Energy and Buildings 43 3457–3466, 

2011. 

[80] Shih-Cheng Hu *, Jhy-Ming Tsao, A comparative study on energy consumption for HVAC systems of high-tech FABs, Applied Thermal Engineering 27 2758–

2766, 2007. 

[81] MOHAMMAD S. AL-HOMOUD, The Effectiveness of Thermal Insulation in Different Types of Buildings in Hot Climates, Journal of THERMAL ENV. & 

BLDG. SCI., Vol. 27, No. 3—235 1097-1963/04/03 0235–13 $10.00/0, January 2004. 

[82] F. A. AL-SULAIMANt and S. M. ZUBAIR, A SURVEY OF ENERGY CONSUMPTION AND FAILURE PATTERNS OF RESIDENTIAL AIR-

CONDITIONING UNITS IN EASTERN SAUDI ARABIA, Energy Vol. 21. No. IO, pp. 967-975, 1996. 

[83] E.H.,Mathews*,1, C.P.Botha 1, D.C.Arndt 1, A.Malan, HVAC Control strategies to enhance comfort and minimise energy usage,Energy and Buildings 33 853-

863, 2001. 

[84] Caglar Selcuk Canbay a,1, Arif Hepbasli b,2, Gulden Gokcen c,*, Evaluating performance indices of a shopping centre and implementing HVAC control principles 

to minimize energy usage, Energy and Buildings 36 587–598, 2004. 

Published by : International Journal of Engineering Research & Technology (IJERT)
https://www.ijert.org/ ISSN: 2278-0181
An International Peer-Reviewed Journal Vol. 15 Issue 04 , April - 2026

IJERTV15IS041103 Page 8

(This work is licensed under a Creative Commons Attribution 4.0 International License.)



[85] D. Dong, L. Song, G. Wei, Optimization of HVAC Control to Improve Comfort and Energy Performance in a School, Energy Engineering Vol. 105, No. 3, 

2008. 

[86] David E. Claridge, W. D. Turner, Mingsheng Liu, Continuous CommissioningSM of Building Energy Systems, Journal of Solar Energy Engineering Copyright 

© 2003 by ASME, Vol. 125 Õ 275, AUGUST 2003. 

[87] E.H. Mathews 1, D.C. Arndt*,1, C.B. Piani 1, E. van Heerden 1, Developing cost e�cient control strategies to ensure optimal energy use and sufficient  indoor 

comfort, Applied Energy 66 135±159, 2000. 

[88] Yimin Zhu, Applying computer-based simulation to energy auditing: A case study, Energy and Buildings 38 421–428, 2006. 

[89] S.A.M. Said *, M.A. Habib, M.O. Iqbal, Database for building energy prediction in Saudi Arabia, Energy Conversion and Management 44 191–201, 2003. 

[90] Jongho Yoon, E. J. Lee, D. E. Claridge, Calibration Procedure for Energy Performance Simulation of a Commercial Building, Journal of Solar Energy 

Engineering Copyright © 2003 by ASME, Vol. 125 Õ 251, AUGUST 2003.  

[91] Mingsheng Liu, D. E. Claridge, Use of Calibrated HVAC System Models to Optimize System Operation, Journal of Solar Energy Engineering Copyright © 

1998 by ASME, Vol. 120/131, MAY 1998. 

[92] Yiqun Pan a,*, Zhizhong Huang a, Gang Wu b, Calibrated building energy simulation and its application in a high-rise commercial building in Shanghai, Energy 

and Buildings 39 651–657, 2007. 

[93] M. Fasiuddin_,y, I. Budaiwi and A. Abdou, Zero-investment HVAC system operation strategies for energy conservation and thermal comfort in commercial 

buildings in hot-humid climate, Int. J. Energy Res; 34:1–19, 2010. 

[94] MORTEZA M. ARDEHALI and THEODORE F. SMITH, EVALUATION OF HVAC SYSTEM OPERATIONAL STRATEGIES FOR COMMERCIAL 

BUILDINGS, Drergy Conwrs. Mgw Vol. 38. No. 3. Pp. 225-236. 1997. 

[95] W.L. Lee *, F.W.H. Yik, J. Burnett, Assessing energy performance in the latest versions of Hong Kong Building Environmental Assessment Method (HK-

BEAM), Energy and Buildings 39  343–354, 2007. 

[96] Ik-Seong Joo1 and Mingsheng Liu, P.E.2, Economizer Application in Dual-Duct Air-Handling Units, J. Archit. Eng .9:126-133, 2003. 

[97] Budaiwi, A. Abdou, HVAC system operational strategies for reduced energy consumption in buildings with intermittent occupancy: The case of mosques, 

Energy Conversion and Management 73 37–50, 2013. 

 

Published by : International Journal of Engineering Research & Technology (IJERT)
https://www.ijert.org/ ISSN: 2278-0181
An International Peer-Reviewed Journal Vol. 15 Issue 04 , April - 2026

IJERTV15IS041103 Page 9

(This work is licensed under a Creative Commons Attribution 4.0 International License.)


