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A B S T R A C T

The building industry is crucial in consuming vast quantities of energy in the modern era. Therefore, it is 
essential to carry out cutting-edge alterations to reduce energy usage and improve the energy performance of 
buildings. Thermal energy storage (TES) has become a principal point of investigation for researchers worldwide. 
Particularly in Phase change materials (PCMs) due to their significant advantages in strengthening energy effi-
ciency, satisfying thermal comfort, and mitigating environmental pollution. Also, TES integrated with PCMs 
earns outstanding attention for its pivotal role in advancing energy conservation in building heating and cooling 
applications. Further, PCMs are incorporated in residential, commercial, and other building heating and cooling 
applications based on their reliance on heating and cooling methods. Hence, the present study provides an up-to- 
date analysis of recent academic research on TES management that utilizes PCMs for building heating and 
cooling. It explores the properties, characterization, and selection criteria determining their suitability for usage 
in building applications. Additionally, the thermal properties, incorporation techniques, factors that affect a 
building’s energy efficiency, drawbacks of PCMs, and their alterative actions in building climate control are 
critically discussed. In addition, PCMs possible solutions for building applications and the policies of the PCMs to 
promote building thermal comfort are discussed comprehensively. Moreover, research investigations have 
demonstrated that incorporating PCMs has enhanced the energy efficiency of buildings, reduced energy costs, 
boosted heat retention, and maintained conformance to thermal comfort regulations. Therefore, PCMs integra-
tion in buildings can provide efficient solutions to issues arising from energy shortages, carbon emissions, and the 
significant environmental concerns they raise.

1. Introduction

1.1. Energy storage is vital

Buildings sectors consume about 151 EJ of energy, representing 
approximately 36 % of a total global final energy consumption 
compared to the other energy consumption sectors. According to the 

authors, around 130 EJ, about 30 % of the world’s energy consumption, 
is employed for building heating and cooling applications. The 
remaining 21 EJ are utilized for other building operations (Amin Mir-
jalili et al., 2023). Additionally, the building industry contributes to 
approximately 55 % of the total global electricity use. According to the 
effects of these fundamental variables, the worldwide use of electricity 
increased by 6.5 EJ or 19 % from 2010 to 2018. Also, the total energy 
consumption for lighting and appliances is 18 EJ, demonstrating an 
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