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Abstract

Energy-related issues reduced thermal comfort. Emerging economies like India
have energy use issues. Researchers discuss buildings with optima HVAC
systems, but HVAC consumes most building energy. Only temperatures can't be
used to measure human thermal comfort. It depends on the person and the physical
activity. Environment affects thermal comfort. This research seeks the best ways
to achieve thermal comfort in smart city buildings. This review examines research
papers on building therma comfort. The research focused on techniques to
achieve building thermal comfort. Air-temperature, hest-generating devices, air-
quality, moist, garment level, and movement affect building energy usage and
therma comfort. Tests showed that nocturna ventilation increases diurna
temperature variations, especialy for lightweight construction, while high thermal
mass and closing exterior blinds reduce them. Deep reinforcement learning
controls multi-zone HVAC therma comfort. Implementation and evaluation of a
modern HVAC system that incorporates occupant thermal profiles. The Pareto
solution was used to generate optima building design options (NSGA-II).
Designers use thermal comfort assessments. Thermal comfort models are
described. Therma comfort requirements protect human and building health.
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1 INTRODUCTION

Thermal comfort isthe state of mind that expresses satisfaction within the thermal
environment [1, 2]. Thermal comfort can't be measured in degrees or a range.
Environmental and energy problems are global [3, 4]. The VRF system cools or
heats air-conditioned spaces by controlling refrigerant flow with an inverter-
controlled variable speed compressor [4, 6]. Modern compressors, like the twin
rotary compressor, can close the metering mechanism to restrict refrigerant flow
between indoor and outdoor units [7]. Temperature-priority lists improve HVAC
load dispatch to maintain indoor temperatures and load diversity [8]. Redlistic
intrachour load balancing signals andyse HVAC load characteristics under
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varying external and internal temperatures. The ideal zone temperature set-point
schedule minimises running costs, CO2 emissions, and occupant therma
discomfort [9]. A comfort-preserving energy-saving approach is more popular and
easier to implement [10, 11]. Microencapsulated PCM in wallboards reduced
Darwin's cooling demand. Using artificial lighting regression models and artificia
neural network (ANN) models with an Energy Plus modd database, a meta-model
was created to predict building energy performance. [12] This study examines how
light shelf affects thermal comfort and energy use in residentia buildings.
Cooling/heating loads were hand-cal culated until the mid-1960s [13].

2. RESEARCH METHODOLOGY

Various research papers find the effect of energy efficiency on thermal comfort.
This research used these methods:

Step |: Collected various research papers Scopus, science direct, Google Scholar,
and Web of Science were searched for relevant papers published in the past 5
years and new research in the same field.

Step 1l: Choosing only relevant research relevant physical and human body
research papers were filtered, shortlisted, and considered based on their abstract,
results, and conclusion.

Step-111: Extracting Data Coziness. The study included 100 research papers on
thermal comfort of HVAC system activities in buildings. Methods, Technologies,
problems, questionnaire and thermal comfort of HVAC systems in various
buildings were reviewed.

Air Easily influenced by Mechanical, passive heating and
Temperature cooling

Mean Radiant It defines operative temperature, a key therma comfort
Temperature factor.

Humidity Air moisture. High or low humidity might cause pain.

Air Velocity Measures room airflow. Rapid air velocity changes may

cause draught complaints.

Physical Activity | Human body hesat, which affects temperature perception.
Clothing Level Body insulation. Higher clothing levels reduce skin heat
loss and make the region stays cool.

3. OuUTCOMESOF PAPER REVIEW

This study compared HVAC and building temperatures. Residentia Buildings,
offices, hospitals, universities etc. had the most thermal comfort due to convection
heat, air velocity, air heat, moist, clothing level, and physica movement. Demand
response reduces a building's AC load by 40% and saves 26.8% energy. DR events
covered 70% of peak energy [14]. Low occupancy (10%), off-air conditioning,
and open windows reduce interior air temperature [15]. Composite PCMs improve
thermal properties. Temperature isn't the main factor in regulating therma comfort
in HYAC systems [16, 17]. Personalized cooling, heating, and ventilation with a
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lower cooling set point (24°C) can save 60% energy [18]. Building sensors in
HVAC system helps to measure therma comfort, visual comfort, indoor air
perfection, and future problems for improving building interior environmental
quality and energy efficiency with close examination [19, 20]. AI2CC ventilation
used less power than ICC and it’s energy-intensive. AI2CC was 6.4% more
comfortable than ICC but used more humidifier energy [21, 22]. SCHX VRF
systems have 8.5% more CPF at equivalent outside temperatures. When SCHX
passes 5.27% of refrigerant, evaporator mass flow rate drops [23]. PMV-based
control and ASHRAE comfort range management reduce energy consumption by
25.4% and 27.0%, respectively [24]. Nano-insulation reduces cooling and heating
energy by 2.85 to 3.6%, they reduce total energy consumption by 5.68 to 6.25%.
[25]. A green retrofit design ideally saves 4% energy and improves comfort level
[26]. Pipe diameters, length, and EEV control for larger airflow air handlers and a
smaller wall unit improves operation and reliability of VRF system. Modern air-
conditioning systems are more suitable to achieve desired comfort level with
advance features [27].

Author, typeof job :: Major Paper summary

part
Q. Zhao a d. (2020) [28], | Earlier deep therma modelsincluded body
Thermal Comfort model’s | part emotions with Overal cool and hot

developments, :: Improve Human
thermal comfort and balance.

feelings measure thermal comfort and
human thermal balance.

S. U. Rehman et a. (2020) [29],
predict thermal sensation votes, ::
conventional and deep learning
algorithms

According ASHRAE RP-884 Analyses,
machine learning and deep learning predict
the thermal comfort. Personalized Comfort
predicts thermal voting with 85%
accuracy, 8% higher than studies.

S. K. Sansaniwal (2020) [30],
human thermal comfort :: Loca
culture and adaptation.

Study found a weak link between thermal
comfort and indoor air quality, which
depends on occupant behaviour.

T. Kuczynski et a.(2021) [31] ,
Night ventilation and window
shading effects :: Effect of night
ventilation, window shading and
thermal mass

High therma mass and closing externa
blinds reduce diurnal indoor temperature
variations, with good night ventilation and
lightweight construction.

Y. Yao and D. K. Shekhar (2021)
[32], review on model predictive
control (MPC) :: MPC design
parameters and itsusesin HVAC

MPC optimizes plant response using a
model, prediction horizon, and
optimization tools. After widespread use in
industrial process control, MPC is growing
inHVAC (HVAC).

L. Xiong et a. (2021) [33] K-
nearest-neighbours (KNN)
algorithm :: In contrast to static
thermal comfort models

In this study a KNN-based thermal relief
model creates based on environmental
factors. 34 volunteers will test KNN-based
thermal relief. The KNN mode with 1000




training sets achieved 88.31% accuracy.

G. Halhoul Merabet et al.( 2021)
[34], Intelligent building control
systems :: Artificia Intelligence-

Evaluated Al-based building control
system outputs, implementations, and
energy efficiency. Al technologies for

Energy-efficient control
Therma comfort in and SVR-
DNN model HVAC

based techniques. power and comfort relief include
identification, recognition, optimization,
and predictive control.

Z. Ding e a. (2022) [35], | SYR-DNN mode is used and results

indicating this method can improve
thermal comfort by 20.5% in complex
HVAC system compared with other
models.

S. A. Mans et a. (2022) [36],
human thermal comfort decoding
via physiological signals
Physiologic signal viadecoding
of human therma comfort

Physiological signal can distinguish
between cold and wam therma
sensations. Physiologic signal processing
identified thermal  perception  when
combined, signals show excessive heat.

H. Fitriani, M. Rifki (2022) [37],
Investigation of Energy Saving ::
Network theory models

Thermography Laplace transfer models of
HVAC and controls applied. Determining
radioactive and convective load transfer
functions. Convective heat input increases
concrete-floored rooms first-order time
constants by 80%.

B. K. Jeon et a. (2022) [38]
White-Model Predictive Control
:: Multi-zone MPC evaluation.

Multi-zone MPC benefited from Energy
Plus’s thermal comfort and energy savings.
The simulation for thermal comfort and
power savings optimization showed
suggested framework can reduce current
TOU fees by over 55%.

4, REsuLT

Table summarises literature review results.

Commercia buildings, hospitals etc. are required the highest thermal comfort.
Temperature, air quality index, heat-generating devices, humidity and personal
characteristics like clothing level and movement affect thermal comfort. Different
technology like artificial intelligence-based techniques, machine learning driven
models and MPC design parameters are used to achieve the more therma comfort
and energy management in smart cities. Reduced buildings AC load and save
26.8% energy by using demand response management. Energy efficient HVAC
system with PMV -based control systems and ASHRAE comfort range
management can reduce consumption of energy by 25.4% and 27%. SVR-DNN
model improve thermal comfort by 25.5% in complex HVAC system with other

models.




5. CONCLUSION

This paper anaysed building thermal comfort and HVAC systems. The study
found that buildings, offices, hospitals etc. requires maximum thermal comfort.
Air heat, mean convector heat, air velocity, moist, clothing level, and physica
movement affect thermal comfort and building energy uses. Now a day, HVAC
uses most building energy. According to studies, plan orientation and design can
improve building energy and temperature issues. Many industries with good job
prospects undervalue thermal comfort. We can achieve more therma comfort and
save more energy by using different-different technology. Future research should
focus on building and other energy-saving tasks. Future research could focus on
small, medium, and large building thermal comforts, optimal conditions, energy
consumption, and costs.

6. REFERENCES

[1] W. Gang, S. Wang, and F. Xiao, “District cooling systems and individual
cooling systems: Comparative analysis and impacts of key factors,” Sci.
Technol. Built Environ., vol. 23, no. 2, pp. 241-250, 2017, doi:
10.1080/23744731.2016.1214474.

[2] A. Inayat and M. Raza, “District cooling system via renewable energy
sources: A review,” Renew. Sustain. Energy Rev., vol. 107, no. June 2018,
pp. 360-373, 2019, doi: 10.1016/j.rser.2019.03.023.

[3] D. R. Hart and M. A. Rosen, “Environmental and health benefits of district
cooling using utility-based cogeneration in Ontario, Canada,” Energy, vol.
21, no. 12, pp. 1135-1146, 1996, doi: 10.1016/0360-5442(96)00067-9.

[4] M. M. Mohamed and M. H. Almarshadi, “Simulation of District Cooling
Plant and Efficient Energy Air Cooled Condensers (Part I),” J. Electron.
Cool. Therm. Control, vol. 07, no. 03, pp. 45-62, 2017, doi:
10.4236/jectc.2017.73005.

[5] A. Bhatia, “HVAC Variable Refrigerant Flow Systems Credit: 3 PDH,”
Contin. Educ., no. 877.

[6] J. A. Orosa, “A new modelling methodology to control HVAC systems,”
Expert Systems with Applications, vol. 38, no. 4. pp. 4505-4513, 2011.
doi: 10.1016/j.eswa.2010.09.124.

[7] M. Arif Kamal and S. Ali Khan, “Variable Refrigerant Flow in Air
Conditioning of Buildings: System Configuration and Energy Efficiency,”
Am. J. Civ. Eng. Archit.,, vol. 9, no. 2, pp. 42-51, 2021, doi:
10.12691/gjcea-9-2-1.

[8] N. Lu and S. Member, “An Evaluation of the HVAC Load Potentia for
Providing Load Balancing Service,” vol. 3, no. 3, pp. 1263-1270, 2012.



(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

S. R. West, J. K. Ward, and J. Wall, “Trial results from a model predictive
control and optimisation system for commercial building HVAC,” Energy
Build,, wvol. 72, no. 2014, pp. 271-279, 2014, doi:
10.1016/j.enbuild.2013.12.037.

R. L. Hwang, M. J. Cheng, T. P. Lin, and M. C. Ho, “Thermal perceptions,
general adaptation methods and occupant’s idea about the trade-off
between thermal comfort and energy saving in hot-humid regions,” Build.
Environ., wvol. 44, no. 6, pp. 1128-1134, 2009, doi:
10.1016/j.buildenv.2008.08.001.

P. Sangwan, H. Mehdizadeh-Rad, A. W. M. Ng, M. A. U. R. Tarig, and R.
C. Nnachi, “Performance Evaluation of Phase Change Materials to Reduce
the Cooling Load of Buildings in a Tropical Climate,” Sustain., vol. 14,
no. 6, 2022, doi: 10.3390/su14063171.

W. Kim, Y. Jeon, and Y. Kim, “Simulation-based optimization of an
integrated daylighting and HVAC system using the design of experiments
method,” Appl. Energy, vol. 162, pp. 666-674, 2016, doi:
10.1016/j.apenergy.2015.10.153.

R. Z. Homod, “Review on the HVAC System Modeling Types and the
Shortcomings of Their Application,” J. Energy, vol. 2013, pp. 1-10, 2013,
doi: 10.1155/2013/768632.

J. Kang, S. Weng, Y. Li, and T. Ma, “Study of Building Demand Response
Method Based on Indoor Temperature Setpoint Control of VRV Air
Conditioning,” Buildings, vol. 12, no. 4, pp. 1-13, 2022, doi:
10.3390/buil dings12040415.

A. Yiksel, M. Arici, M. Kraj¢ik, M. Civan, and H. Karabay, “Energy
consumption, thermal comfort, and indoor air quality in mosgues. Impact
of Covid-19 measures,” J. Clean. Prod., vol. 354, no. March, 2022, doi:
10.1016/j.jclepro.2022.131726.

F. Hassan et al., “Recent advancements in latent heat phase change
materials and their applications for therma energy storage and buildings:
A state of the art review,” Sustain. Energy Technol. Assessments, vol. 49,
no. September 2021, p. 101646, 2022, doi: 10.1016/j.seta.2021.101646.

R. Z. Homod, K. S. Mohamed Sahari, H. A. F. Almurib, and F. H. Nagi,
“RLF and TS fuzzy model identification of indoor thermal comfort based
on PMV/PPD,” Build. Environ., vol. 49, no. 1, pp. 141-153, 2012, doi:
10.1016/j.buildenv.2011.09.012.

M. Vesely and W. Zeiler, “Personalized conditioning and its impact on
therma comfort and energy performance - A review,” Renew. Sustain.
Energy Rev., vol. 34, pp. 401-408, 2014, doi: 10.1016/j.rser.2014.03.024.



[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

7

B. Dong, V. Prakash, F. Feng, and Z. O’Neill, “A review of smart building
sensing system for better indoor environment control,” Energy Build., vol.
199, pp. 29-46, 2019, doi: 10.1016/j.enbuild.2019.06.025.

V. Vakiloroaya, B. Samali, A. Fakhar, and K. Pishghadam, “A review of
different strategies for HVAC energy saving,” Energy Convers. Manag.,
vol. 77, pp. 738-754, 2014, doi: 10.1016/j.enconman.2013.10.023.

S. H. Kim, Y. R. Yoon, J. W. Kim, and H. J. Moon, “Novel integrated and
optimal control of indoor environmenta devices for thermal comfort using
double deep g-network,” Atmosphere (Basel)., vol. 12, no. 5, 2021, doi:
10.3390/atmos12050629.

L. Landuyt, S. De Turck, J. Laverge, M. Steeman, and N. Van Den
Bossche, “Balancing environmental impact, energy use and thermal
comfort: Optimizing insulation levels for The Mobble with standard
HVAC and personal comfort systems,” Build. Environ., vol. 206, no.
August, 2021, doi: 10.1016/j.buildenv.2021.108307.

L. Kwon, Y. Hwang, R. Radermacher, and B. Kim, “Field performance
measurements of a VRF system with sub-cooler in educational offices for
the cooling season,” Energy Build., vol. 49, pp. 300-305, 2012, doi:
10.1016/j.enbuild.2012.02.027.

J. Kim, D. Song, S. Kim, S. Park, Y. Choi, and H. Lim, “Energy-saving
potential of extending temperature set-points in a VRF air-conditioned
building,” Energies, vol. 13, no. 9, 2020, doi: 10.3390/en13092160.

K. Aliakbari, A. Ebrahimi-Moghadam, and P. lldarabadi, “Investigating
the impact of a nove transparent nano-insulation in building windows on
thermal comfort conditions and energy consumptions in different climates
of Iran,” Therm. Sci. Eng. Prog., vol. 25, no. April, 2021, doi:
10.1016/j.tsep.2021.101009.

Q. Li, L. Zhang, L. Zhang, and X. Wu, “Optimizing energy efficiency and
thermal comfort in building green retrofit,” Energy, vol. 237, 2021, doi:
10.1016/j.energy.2021.121509.

Y. M. Lee, R. Horesh, and L. Liberti, “Optimal HVAC control as demand
response with on-site energy storage and generation system,” Energy
Procedia, vol. 78, pp. 2106-2111, 2015, doi:
10.1016/j.egypro.2015.11.253.

Q. Zhao, Z. Lian, and D. Lai, “Thermal comfort models and their
developments: A review,” Energy Built Environ., vol. 2, no. 1, pp. 21-33,
2021, doi: 10.1016/j.enbenv.2020.05.007.

S. U. Rehman, A. R. Javed, M. U. Khan, M. Nazar Awan, A. Farukh, and
A. Hussien, “PersonalisedComfort: a personalised thermal comfort model



[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

to predict thermal sensation votes for smart building residents,” Enterp.
Inf. Syst., val. 16, no. 7, 2022, doi: 10.1080/17517575.2020.1852316.

S. K. Sansaniwal, J. Mathur, and S. Mathur, “Review of practices for
human thermal comfort in buildings: present and future perspectives,” Int.
J. Ambient Energy, vol. 43, no. 1, pp. 2097-2123, 2022, doi:
10.1080/01430750.2020.1725629.

T. Kuczynski, A. Staszczuk, M. Gortych, and R. Stryjski, “Effect of
thermal mass, night ventilation and window shading on summer thermal
comfort of buildingsin atemperate climate,” Build. Environ., vol. 204, no.
March, 2021, doi: 10.1016/j.buildenv.2021.108126.

Y. Yao and D. K. Shekhar, “State of the art review on model predictive
control (MPC) in Heating Ventilation and Air-conditioning (HVAC)
field,” Build. Environ,, wvol. 200, no. April, 2021, doi:
10.1016/j.buildenv.2021.107952.

L. Xiong and Y. Yao, “Study on an adaptive thermal comfort model with
K-nearest-neighbors (KNN) algorithm,” Build. Environ., vol. 202, no.
December 2020, 2021, doi: 10.1016/j.buildenv.2021.108026.

G. Halhoul Merabet et a., “Intelligent building control systems for thermal
comfort and energy-efficiency: A systematic review of artificia
intelligence-assisted techniques,” Renew. Sustain. Energy Rev., vol. 144,
no. April, p. 110969, 2021, doi: 10.1016/j.rser.2021.110969.

Z. Ding, Q. Fu, J. Chen, H. Wu, and Y. Lu, “Energy-efficient control of
thermal comfort in multi-zone residentiad HVAC via reinforcement
learning,” 2022, doi: 10.1080/09540091.2022.2120598.

S. A. Mansi, I. Pigliautile, M. Arnesano, and A. L. Pisello, “A novel
methodology for human therma comfort decoding via physiological
signals measurement and analysis,” Build. Environ., vol. 222, no. April, p.
109385, 2022, doi: 10.1016/j.buildenv.2022.109385.

H. Fitriani, M. Rifki, M. Foralisa, and A. Muhtarom, “Investigation of
Energy Saving Using Building Information Modeling for Building Energy
Performance in Office Building,” Civ. Eng. Archit., vol. 10, no. 4, pp.
1280-1292, 2022, doi: 10.13189/cea.2022.100404.

B. K. Jeon and E. J. Kim, “White-Mode Predictive Control for Balancing
Energy Savings and Thermal Comfort,” Energies, vol. 15, no. 7, pp. 1-12,
2022, doi: 10.3390/en15072345.



