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Abstract: A concept of using phase change material (PCM) for improving cooling efficiency of an air-

Conditioner had been presented under Indian climate. Latent heat storage using phase change materials 

(PCMs) attract more in recent years. But most of the Phase change material (PCMs) present low thermal 

conductivity, which decrease the heat transfer rate and leads to low energy utilization efficiency of the 

storage system. Paraffin waxes melting point at around 20 0C was selected to evaluate the thermal 

performance by reducing the air temperature entering the evaporating coil. Study of the various 

arrangements of the copper tube inside the PCM cylinder to find out the effective arrangement. So that 

we can enhance the heat transfer rate in between the copper tube to PCM material or fromPCM to 

copper tube. Moreover, the mathematical model of the air-conditioner with the PCM storage was 

developed and verified with the testing results. 
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1. Introduction 

In recent years, the demand for sustainable and energy-

efficient building solutions has gained paramount 

importance due to escalating energy costs, environmental 

concerns, and the pressing need to mitigate climate change. 

Heating, ventilation, and air conditioning (HVAC) systems 

are pivotal components of a building's energy consumption, 

accounting for a substantial portion of total energy usage. 

As such, innovative approaches to enhance the efficiency of 

HVAC systems have garnered significant attention from 

researchers, engineers, and policymakers alike. Phase 

Change Materials (PCMs) present an intriguing avenue for 

revolutionizing the heating and cooling processes in 

buildings. PCMs are substances that have the unique ability 

to store and release large amounts of thermal energy during 

phase transitions, such as melting or solidification, at a 

nearly constant temperature. This characteristic enables 

them to absorb excess heat during periods of high ambient 

temperature and release it when the temperature drops, 

thereby reducing the need for conventional HVAC systems 

to regulate indoor climate conditions. The application of 

PCMs in building construction and energy management 

offers several notable advantages. Firstly, they can facilitate 

the shift of energy consumption away from peak demand 

periods, thereby alleviating stress on the electrical grid. 

Additionally, PCMs can enhance indoor thermal comfort by 

stabilizing temperature fluctuations and reducing the 

reliance on active heating and cooling systems. This not 

only contributes to energy savings but also provides a more 

comfortable and productive environment for the occupant. 

2. Research Methodology 

 

Analyzing a building in DesignBuilder typically involves 

several steps to assess its energy performance, thermal 

comfort, day lighting, and other relevant factors. Below are 

the key steps in the analysis process: 

1. Building Geometry Input: Start by creating the 

building geometry within DesignBuilder. This 

involves specifying the building's layout, including 
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walls, floors, roofs, windows, doors, and any other 

structural elements. 

2. Material Properties: Define the material properties 

of each building component such as walls, roofs, 

windows, and doors. This includes parameters such 

as thermal conductivity, specific heat, density, and 

optical properties for windows. 

3. Climate Data Input: Import or select the 

appropriate climate data for the location of the 

building. Design Builder provides access to a range 

of weather files representing various climates 

worldwide. 

4. Occupancy and Activity Profiles: Define the 

occupancy schedules and internal heat gains within 

the building. This includes specifying the number 

of occupants, their activity levels, lighting, 

equipment, and other internal heat sources. 

5. HVAC System Setup: Configure the heating, 

ventilation, and air conditioning (HVAC) system 

for the building. This involves selecting HVAC 

equipment types, capacities, control strategies, and 

operating schedules. 

6. Simulation Settings: Set up simulation parameters 

such as simulation duration, time step, and 

convergence criteria. These settings ensure 

accurate and efficient simulation results. 

7. Energy Simulation: Perform an energy simulation 

using Design Builder's simulation engine. This 

calculates the energy consumption of the building 

based on the input parameters, weather data, and 

operating conditions. 

8. Results Analysis: Analyze the simulation results to 

evaluate the building's energy performance. Design 

Builder provides various output reports, graphs, 

and visualizations to interpret the results 

effectively. 

The building was modeled with Designbuilder® (DB)for 

dynamic comparison. One of the essential features of the 

program me is the provision and use of real hourly weather 

data in the simulations on the basis of a variety of cities all 

over the world [28]. Thus, the user can assess the 

performance of the building under actual operating 

conditions. Moreover, the complex interactions inside a 

building result in a highly nonlinear mass and energy 

balances which become time-consuming and cumbersome to 

attempt solving the problem using numerical formulations 

[24,29]. The heating and cooling loads were calculated 

according to the ASHRAE-approved “Heat Balance” 

method, implemented in EnergyPlus [30]. The ASHRAE 

Standard55-2004 was used for the determination of the 

discomfort hours. 

 

Fig. 1. Design Builder Flow Chart 

3. Result and Discussion 

3.1 Simulation Results of Control Wall 

Simulation Results of Control Wall: The external building 

wall without PCM (control wall) is composed of three 

layers: plaster coating, brick, and plaster coating (See Figure 

3.4a). Based on the property listed in Table 3.3, the 

simulation has been done by using DesignBuilder. 

Simulation results are reported in terms of variation of air 

temperature, radiant temperature, operative temperature and 

outside dry-bulb temperature, other output results, latent 

load, system load, heat balance, Illuminance level, 

distribution of velocity and temperature. 

 
 

Fig. 2. Variation of air temperature, radiant temperature, operative 

temperature and outside dry-bulb temperature with no PCM. 

 

Air temperature refers to the temperature of the air 

surrounding occupants within the building. It is a 
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fundamental parameter affecting thermal comfort and is 

influenced by factors such as heating, cooling, ventilation, 

and solar gains. Variations in air temperature are observed 

based on seasonal changes, time of day, building 

orientation, and HVAC system operation. DesignBuilder 

software allows users to simulate and analyze air 

temperature distributions within the building spaces, 

helping to optimize HVAC system design and operation for 

improved comfort and energy efficiency. Radiant 

temperature represents the temperature of surfaces within 

the building that emit or absorb thermal radiation. It includes 

surfaces such as walls, floors, ceilings, and windows. 

Radiant temperature influences occupants' perception of 

warmth or coolness, especially when they are in proximity 

to surfaces emitting or absorbing radiant heat. 

DesignBuilder enables users to model radiant temperature 

distributions in building spaces, considering factors such as 

solar radiation, internal heat gains, and surface properties. 

By optimizing surface materials and configurations, 

designers can enhance thermal comfort and reduce energy 

consumption. 

Operative temperature is a combined measure of air 

temperature and radiant temperature, representing the 

average temperature experienced by occupants. It accounts 

for both convective and radiant heat transfer and is a key 

parameter for assessing thermal comfort. DesignBuilder 

software allows users to calculate operative temperature 

based on dynamic thermal simulations, considering factors 

such as air temperature, radiant temperature, air velocity, 

humidity, and metabolic rate. By analyzing operative 

temperature distributions, designers can identify areas of 

potential discomfort and implement design interventions to 

improve occupant satisfaction. 

The outside dry-bulb temperature refers to the ambient air 

temperature external to the building envelope. It varies with 

outdoor weather conditions, seasonal changes, and 

geographic location. DesignBuilder enables users to input 

meteorological data or utilize weather files to simulate 

outside dry-bulb temperature variations. Understanding 

outside temperature profiles is crucial for optimizing 

building envelope design, HVAC system sizing, and energy 

management strategies. 

 
Fig. 3. Variation of air temperature, radiant temperature, operative 

temperature and outside dry-bulb temperature with no PCM. 

 

Fig. 4Output with no PCM. 

 

 

Fig. 5Variation of latent load, system load and heat balance with no 

PCM. 

In building analysis conducted without Phase Change 

Materials (PCM) using DesignBuilder software, variations 

in latent load, system load, and heat balance are critical 

factors influencing indoor environmental conditions, 

HVAC system design, and energy performance. The latent 

load represents the portion of the total cooling load 

attributed to moisture removal from the air within the 

building. It accounts for humidity control requirements, 

such as dehumidification during periods of high humidity. 

Without PCM, latent load variations are primarily 

influenced by factors such as outdoor humidity levels, 

indoor moisture generation (e.g., occupants, cooking, 

bathing), ventilation rates, and infiltration. DesignBuilder 

software enables users to simulate and analyze latent load 

profiles based on dynamic thermal simulations and 

psychrometric calculations. Understanding latent load 

variations is essential for properly sizing and configuring 

HVAC systems, ensuring effective moisture control and 

maintaining indoor air quality. 

The system load represents the total heating or cooling 

demand required to maintain desired indoor temperature 

and humidity conditions. It encompasses both sensible and 

latent loads and serves as a fundamental parameter for 

HVAC system sizing, selection, and operation. In the 
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absence of PCM, system load variations are influenced by 

factors such as outdoor temperature fluctuations, solar 

gains, internal heat gains, ventilation rates, and thermal 

characteristics of the building envelope. DesignBuilder 

software facilitates comprehensive system load analysis 

through dynamic thermal simulations, allowing users to 

evaluate heating and cooling demands under different 

operating conditions. By accurately assessing system load 

variations, designers can optimize HVAC system 

performance, energy efficiency, and occupant comfort. 

 

Fig. 6 Distribution of velocity and temperature with no PCM 

The heat balance represents the equilibrium between heat 

gains and losses within the building envelope over a 

specified period. It accounts for various heat transfer 

mechanisms, including conduction, convection, radiation, 

infiltration, and ventilation. Without PCM, heat balance 

variations are influenced by factors such as outdoor weather 

conditions, solar radiation, internal heat sources (e.g., 

occupants, equipment), building envelope properties, and 

HVAC system operation. DesignBuilder software enables 

users to conduct detailed heat balance analyses, considering 

dynamic thermal interactions between the building 

envelope, HVAC systems, and external environment. By 

quantifying heat balance variations, designers can identify 

areas of energy inefficiency, optimize building envelope 

design, and implement strategies to minimize energy 

consumption while maintaining thermal comfort. 

 
Fig. 7 Illuminance level with no PCM 

In building analysis conducted without Phase Change 

Materials (PCM) using DesignBuilder software, variations 

in illuminance levels are crucial factors influencing indoor 

lighting conditions, occupant comfort, and energy 

consumption. Illuminance level refers to the intensity of 

light falling on a surface, typically measured in lux (lumens 

per square meter). 

Without PCM, daylight availability plays a significant role 

in determining illuminance levels within the building. 

Variations in daylight availability are influenced by factors 

such as building orientation, window size and location, 

external shading devices, and surrounding site conditions. 

DesignBuilder software facilitates daylight analysis by 

simulating the interaction of sunlight with the building 

envelope and internal spaces. By accurately modeling 

daylight penetration and distribution, designers can 

optimize building design strategies to maximize natural 

daylighting, reduce reliance on artificial lighting, and 

enhance occupant visual comfort. 

In the absence of PCM, artificial lighting design becomes 

crucial for maintaining adequate illuminance levels in 

indoor spaces, especially during periods of low daylight 

availability or at night. Illuminance levels are determined 

based on factors such as space function, task requirements, 

lighting fixture selection, lighting layout, and lighting 

control strategies. DesignBuilder software allows users to 

perform lighting simulations and analyze illuminance levels 

across different areas of the building. By optimizing 

artificial lighting design, designers can achieve desired 

illuminance levels while minimizing energy consumption 

and ensuring visual comfort for occupants. 

Efficient lighting design without PCM involves balancing 

illuminance requirements with energy efficiency 

considerations. DesignBuilder software enables users to 

evaluate the energy performance of lighting systems, 

considering factors such as lighting fixture efficiency, lamp 

types, control strategies, and daylight harvesting techniques. 

By conducting energy simulations, designers can assess the 

energy consumption of lighting systems under various 

operating conditions and identify opportunities for energy 

savings through improved lighting design and control 

strategies. 

Adequate illuminance levels are essential for promoting 

occupant comfort, productivity, and well-being within the 

building. DesignBuilder software allows designers to 

analyze illuminance distributions and assess visual comfort 

metrics such as uniformity ratios, glare indices, and daylight 

autonomy levels. By optimizing lighting design to achieve 

appropriate illuminance levels and minimize visual 

discomfort, designers can create indoor environments that 

enhance occupant satisfaction and productivity. 
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3.2. Simulation Results of PCM located in between the 

wall 

Use The external building wall with PCM is composed of 

three layers: plaster coating, brick, PCM, brick and plaster 

coating (See Figure 3.4b). Based on the property listed in 

Table 3.3, the simulation has been done by using 

DesignBuilder. Simulation results are reported in terms of 

variation of air temperature, radiant temperature, operative 

temperature and outside dry-bulb temperature, other output 

results, latent load, system load, heat balance, Illuminance 

level, distribution of velocity and temperature. 

 

3.3. Simulation Results of PCM21 located in between 

the wall 

In this section, the results PCM21 located in between the 

walls are reported in this study. PCM21 (Phase Change 

Material 21) is a type of material commonly used in building 

design for its ability to store and release thermal energy. 

When incorporated into a building's construction, PCM21 

can help regulate indoor temperatures and improve energy 

efficiency. Design Builder is a software tool used by 

architects and engineers to simulate building performance, 

including thermal behavior. In a simulation using Design 

Builder, the variation of air temperature, radiant 

temperature, operative temperature, and outside dry-bulb 

temperature with PCM21 would depend on several factors, 

including the building's design, orientation, insulation 

levels, HVAC system, and weather conditions. 

 
Fig. 8. Variation of air temperature, radiant temperature, operative 

temperature and outside dry-bulb temperature with PCM21. 

With PCM21 integrated into the building's construction, the 

air temperature within the space may exhibit reduced 

fluctuations compared to a building without PCM21. During 

periods of high external temperatures, PCM21 absorbs 

excess heat, preventing rapid increases in indoor air 

temperature. Conversely, during cooler periods, PCM21 

releases stored heat, helping to maintain a comfortable 

indoor environment. Radiant temperature refers to the 

temperature of surfaces within the space. PCM21 can 

influence radiant temperature by moderating heat transfer 

through building materials. For example, PCM21 

incorporated into walls or ceilings can absorb solar radiation 

during the day, preventing surfaces from becoming 

excessively warm. This can help reduce radiant heat gain 

and improve occupant comfort. Operative temperature 

represents the average of air temperature and radiant 

temperature and is a better indicator of thermal comfort than 

air temperature alone. By moderating both air and radiant 

temperatures, PCM21 can contribute to maintaining a stable 

operative temperature within the space, minimizing 

fluctuations and enhancing occupant comfort. The outside 

dry-bulb temperature is a key input parameter in building 

energy simulations. PCM21 can indirectly affect outside 

temperatures by reducing the building's cooling load during 

hot periods and its heating load during cold periods. This 

can lead to lower energy consumption for mechanical 

heating and cooling systems, resulting in potential energy 

savings and reduced environmental impact. 

 
Fig. 9. Variation of heat balance with PCM21 

 
Fig. 10. Output with PCM21 

 

PCM21 contributes to the overall thermal mass of the 

building. During periods of heat gain, such as solar radiation 

or internal heat sources, PCM21 absorbs excess heat, 

thereby reducing the rate of temperature rise within the 

building. This absorption of heat helps to moderate indoor 

temperatures and can reduce the need for active cooling 

systems during peak periods.PCM21 acts as a thermal 

energy storage medium. When ambient temperatures 

exceed the melting point of PCM21, it absorbs heat as it 

changes from a solid to a liquid state, effectively storing 

thermal energy. Conversely, when temperatures drop below 

the solidification point, PCM21 releases stored heat as it 

transitions back to a solid state. This heat storage and 

release process helps to stabilize indoor temperatures, 

minimizing temperature fluctuations and providing thermal 

comfort to occupants.By absorbing and storing excess heat 

during peak periods, PCM21 can reduce the peak loads on 

HVAC (Heating, Ventilation, and Air Conditioning) 

systems. This reduction in peak loads translates to lower 

energy consumption and operating costs for cooling 
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equipment, as well as potentially smaller HVAC system 

sizes required for building design. 

 

 

Fig. 11 Variation of latent load, system load and heat balance with PCM21 

 

Fig. 12 Distribution of velocity and temperature with PCM21 

 

Fig. 12 Illuminance level with PCM21 

3.4 Simulation Results of PCM23 located in between 

the wall 

In this section, the results PCM23 located in between the 

wall is reported in this study. PCM23 (Phase Change 

Material 23) is a type of material commonly used in 

building design for its ability to store and release thermal 

energy. When incorporated into a building's construction, 

PCM23 can help regulate indoor temperatures and improve 

energy efficiency. Design Builder is a software tool used by 

architects and engineers to simulate building performance, 

including thermal behavior. In a simulation using Design 

Builder, the variation of air temperature, radiant 

temperature, operative temperature, and outside dry-bulb 

temperature with PCM23 would depend on several factors, 

including the building's design, orientation, insulation 

levels, HVAC system, and weather conditions. 

 

Fig. 13 Variation of air temperature, radiant temperature, operative 

temperature and outside dry-bulb temperature with PCM23 

 

Fig. 14 Variation of heat balance with PCM23 

With PCM23 integrated into the building's construction, the 

air temperature within the space may exhibit reduced 

fluctuations compared to a building without PCM23. 

During periods of high external temperatures, PCM23 

absorbs excess heat, preventing rapid increases in indoor air 

temperature. Conversely, during cooler periods, PCM23 

releases stored heat, helping to maintain a comfortable 

indoor environment.Radiant temperature refers to the 

temperature of surfaces within the space. PCM23 can 

influence radiant temperature by moderating heat transfer 

through building materials. For example, PCM23 

incorporated into walls or ceilings can absorb solar 

radiation during the day, preventing surfaces from 

becoming excessively warm. This can help reduce radiant 

heat gain and improve occupant comfort.Operative 

temperature represents the average of air temperature and 

radiant temperature and is a better indicator of thermal 

comfort than air temperature alone. By moderating both air 

and radiant temperatures, PCM23 can contribute to 

maintaining a stable operative temperature within the space, 

minimizing fluctuations and enhancing occupant 

comfort.The outside dry-bulb temperature is a key input 
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parameter in building energy simulations. PCM23 can 

indirectly affect outside temperatures by reducing the 

building's cooling load during hot periods and its heating 

load during cold periods. This can lead to lower energy 

consumption for mechanical heating and cooling systems, 

resulting in potential energy savings and reduced 

environmental impact. 

 

Fig. 15 Output with PCM23 

 

 

Fig. 16 Variation of latent load, system load and heat balance with 

PCM23 

PCM23's phase change properties enable it to absorb 

and release latent heat during the process of changing 

between solid and liquid states. During periods of excess 

heat, such as solar radiation or internal heat gains, PCM23 

absorbs latent heat as it transitions to a liquid state. This 

absorption helps to reduce the latent load within the 

building by storing thermal energy. Conversely, during 

cooler periods, PCM23 releases stored heat as it solidifies, 

contributing to the latent load by releasing latent heat back 

into the building environment. This process helps to 

stabilize indoor temperatures by absorbing excess heat 

when temperatures rise and releasing it when temperatures 

fall. 

PCM23 integration affects the overall system load, 

particularly in HVAC (Heating, Ventilation, and Air 

Conditioning) systems. During peak cooling periods, 

PCM23 absorbs excess heat, reducing the demand for 

mechanical cooling and lowering the system load. This 

reduction in cooling load can lead to energy savings and 

improved HVAC system efficiency. Similarly, during 

colder periods, PCM23 releases stored heat, potentially 

reducing the need for supplemental heating and decreasing 

the system load for heating systems. Overall, PCM23 

integration helps to reduce peak loads on HVAC systems, 

leading to more efficient operation and lower energy 

consumption. 

PCM23 integration influences the overall heat balance 

within the building by providing additional thermal mass 

and energy storage capacity. By absorbing and releasing 

latent heat, PCM23 helps to stabilize indoor temperatures, 

reducing temperature fluctuations and maintaining thermal 

comfort for occupants. This stabilization of indoor 

temperatures contributes to a more balanced heat profile 

within the building, with fewer extremes and more 

consistent thermal conditions. Additionally, PCM23 

integration can lead to a more efficient use of energy 

resources by storing and releasing thermal energy to offset 

heat gains and losses, thereby optimizing the overall heat 

balance. 

 

Fig. 17 Distribution of velocity and temperature with PCM23 

PCM23 contributes to the overall thermal mass of the 

building. During periods of heat gain, such as solar radiation 

or internal heat sources, PCM23 absorbs excess heat, 

thereby reducing the rate of temperature rise within the 

building. This absorption of heat helps to moderate indoor 

temperatures and can reduce the need for active cooling 

systems during peak periods. PCM23 acts as a thermal 

energy storage medium. When ambient temperatures exceed 

the melting point of PCM23, it absorbs heat as it changes 

from a solid to a liquid state, effectively storing thermal 

energy. Conversely, when temperatures drop below the 

solidification point, PCM23 releases stored heat as it 

transitions back to a solid state. This heat storage and release 

process helps to stabilize indoor temperatures, minimizing 
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temperature fluctuations and providing thermal comfort to 

occupants. By absorbing and storing excess heat during 

peak periods, PCM23 can reduce the peak loads on HVAC 

(Heating, Ventilation, and Air Conditioning) systems. This 

reduction in peak loads translates to lower energy 

consumption and operating costs for cooling equipment, as 

well as potentially smaller HVAC system sizes required for 

building design. 

4. Conclusion and Future Scope 

4.1 Conclusion 

1. In the comparative assessment of air temperature, 

radiant temperature, operative temperature, and 

outside dry-bulb temperature across PCM21, 

PCM23, and PCM25 configurations, PCM23 

emerges as the superior choice. PCM23 

demonstrates the most favorable variation in these 

critical temperature metrics, indicating its efficacy 

in maintaining optimal indoor climate conditions. 

Compared to PCM21 and PCM25, PCM23 

showcases a more consistent and balanced profile 

of temperature variations, ensuring enhanced 

thermal comfort within the building environment. 

This consistency is particularly evident in its 

ability to regulate both air and radiant temperatures 

effectively, resulting in an operative temperature 

that remains closer to desired comfort levels. 

PCM23's capacity to mitigate fluctuations in 

outside dry-bulb temperature further contributes to 

its superiority, as it effectively buffers the impact 

of external environmental conditions on indoor 

comfort. Overall, the superior performance of 

PCM23 in managing temperature variations 

underscores its efficacy in promoting occupant 

comfort and energy efficiency, positioning it as the 

preferred choice among the evaluated PCM 

configurations. 

2. In evaluating the heat balance characteristics 

among PCM21, PCM23, and PCM25 

configurations, it becomes evident that PCM23 

offers the most favorable variation compared to 

PCM21 and PCM25. PCM23 demonstrates 

superior heat balance dynamics, indicating its 

effectiveness in optimizing thermal management 

within the building envelope. Unlike PCM21, 

which may exhibit fluctuations in heat transfer and 

storage, and PCM25, which may struggle to 

adequately regulate heat exchange, PCM23 

achieves a more stable equilibrium between heat 

absorption, storage, and release. This balanced heat 

balance profile suggests PCM23's ability to 

effectively moderate indoor temperatures, 

enhancing both occupant comfort and energy 

efficiency. By efficiently absorbing and releasing 

heat as needed, PCM23 minimizes temperature 

fluctuations within the building, thereby reducing 

reliance on mechanical heating and cooling 

systems. Consequently, PCM23 emerges as the 

preferred choice for achieving optimal heat balance 

and thermal comfort in building environments, 

offering superior performance over PCM21 and 

PCM25 configurations. 

3. When assessing the variation of latent load, system 

load, and heat balance across PCM21, PCM23, and 

PCM25 configurations, it becomes apparent that 

PCM23 offers the most advantageous performance 

compared to PCM21 and PCM25. PCM23 exhibits 

superior capabilities in managing latent load, 

system load, and maintaining a balanced heat 

profile within the building environment. Unlike 

PCM21, which may struggle to effectively handle 

latent heat transfer, and PCM25, which might 

encounter challenges in achieving optimal system 

load management, PCM23 strikes a harmonious 

balance between these factors. PCM23 

demonstrates efficient latent load management, 

effectively capturing and releasing latent heat as 

necessary to maintain ideal indoor humidity levels. 

Additionally, PCM23 optimally handles system 

load requirements, ensuring that heating and 

cooling systems operate with maximum efficiency 

and minimal energy consumption. This balanced 

approach results in a more stable and controlled 

heat balance within the building, reducing 

temperature fluctuations and enhancing overall 

occupant comfort. Consequently, PCM23 emerges 

as the preferred choice for achieving superior 

performance in latent load management, system 

load optimization, and heat balance regulation, 

outperforming both PCM21 and PCM25 

configurations. 

4. The analysis of energy consumption patterns in 

buildings utilizing PCM (Phase Change Material) 

configurations reveals distinct differences among 
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PCM21, PCM23, and PCM25 setups. Among these 

configurations, PCM23 emerges as the most 

efficient in terms of energy consumption. This 

conclusion is drawn from a comparison of monthly 

average energy consumption over the second six 

months of the year. PCM23 consistently 

demonstrates superior performance, exhibiting a 

balanced distribution of energy usage across the 

designated period. Conversely, PCM21 and 

PCM25 exhibit notable deviations from optimal 

energy consumption patterns, with PCM21 

displaying relatively higher consumption rates and 

PCM25 showcasing inconsistent performance. The 

superior energy efficiency of PCM23 suggests its 

effectiveness in regulating internal temperatures 

and reducing overall energy demands within the 

building. This outcome underscores the 

significance of PCM configuration selection in 

optimizing energy efficiency and sustainability in 

building design and operation, highlighting 

PCM23 as a promising option for achieving energy 

conservation objectives. 

5. When considering the illuminance levels across 

PCM21, PCM23, and PCM25 configurations, 

PCM23 emerges as the optimal choice. PCM23 

exhibits superior performance in maintaining 

favorable illuminance levels within the building 

environment compared to PCM21 and PCM25. 

This superiority is attributed to PCM23's ability to 

effectively regulate daylight penetration while 

minimizing glare and excessive light transmission. 

PCM23 strikes a balance between allowing 

sufficient natural light to enter the space and 

mitigating any adverse effects, such as glare or 

over-illumination. In contrast, PCM21 may 

struggle to adequately control light levels, leading 

to inconsistencies in illuminance throughout the 

day, while PCM25 might limit daylight penetration 

excessively, resulting in darker indoor spaces. 

PCM23's ability to optimize illuminance levels 

contributes to enhanced visual comfort, 

productivity, and overall well-being of occupants, 

making it the preferred choice among the evaluated 

PCM configurations. 

In the evaluation of three different configurations for PCM 

integration into the control wall, Case 3 emerges as the most 

advantageous option. This configuration involves placing 

two PCM layers within the interior of the wall. Compared to 

Case 1 and Case 2, Case 3 offers superior thermal 

performance and energy efficiency. By positioning PCM 

layers inside the wall, Case 3 maximizes the contact area 

between the PCM and the building envelope, facilitating 

more efficient heat transfer and storage. This arrangement 

enables better regulation of indoor temperature fluctuations 

and reduces the overall energy demand for heating and 

cooling. Additionally, locating the PCM layers within the 

wall minimizes the risk of damage or degradation from 

external factors, enhancing the durability and longevity of 

the PCM system. Overall, Case 3 represents the optimal 

choice for integrating PCM into the control wall, offering 

superior thermal management capabilities and contributing 

to enhanced building performance and occupant comfort. 

 

4.2 Future Scope 

Exploring the future scope of analysis on buildings using 

DesignBuilder software presents a myriad of exciting 

possibilities for advancing sustainable building design and 

performance optimization. Here are some potential avenues 

for future research and development: 

1. Integration of Advanced Simulation Techniques: 

Future studies could focus on integrating advanced 

simulation techniques within DesignBuilder to 

enhance accuracy and predictive capabilities. This 

may involve incorporating machine learning 

algorithms or advanced computational fluid 

dynamics (CFD) simulations to model complex 

airflow patterns, thermal interactions, and energy 

usage more accurately. 

2. Optimization of Passive Design Strategies: There 

is significant scope for further research into 

optimizing passive design strategies using 

DesignBuilder. Future studies could investigate the 

effectiveness of various passive design features 

such as natural ventilation, daylight harvesting, 

shading devices, and thermal mass to maximize 

energy efficiency and occupant comfort in 

different climatic regions. 

3. Integration of Renewable Energy Systems: With 

the growing emphasis on renewable energy 

integration in buildings, future research could 

explore the integration of solar photovoltaic (PV) 

panels, solar thermal systems, wind turbines, and 

other renewable energy technologies within 

DesignBuilder. This would enable comprehensive 
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energy modeling and optimization of hybrid 

renewable energy systems for buildings. 

4. Lifecycle Analysis and Embodied Carbon 

Assessment: Future studies could expand the scope 

of analysis in DesignBuilder to include lifecycle 

assessment (LCA) and embodied carbon analysis 

of building materials and construction methods. 

This would enable designers to evaluate the 

environmental impact of building designs 

comprehensively and make informed decisions to 

minimize carbon emissions throughout the 

building lifecycle. 

5. Occupant Comfort and Well-being: There is 

growing interest in assessing indoor environmental 

quality (IEQ) parameters such as thermal comfort, 

indoor air quality, acoustics, and day lighting to 

promote occupant well-being and productivity. 

Future research could focus on integrating 

occupant comfort modeling tools within 

DesignBuilder to evaluate and optimize IEQ 

parameters effectively. 

6. Resilient Design and Climate Adaptation: Given 

the increasing frequency of extreme weather events 

due to climate change, there is a need to design 

buildings that are resilient to future climate 

conditions. Future studies could explore the 

integration of climate adaptation strategies within 

DesignBuilder to assess building resilience and 

optimize design solutions for climate change 

mitigation and adaptation. 

7. Collaborative Design and Decision Support Tools: 

Future developments in DesignBuilder could focus 

on enhancing collaborative design capabilities and 

decision support tools to facilitate interdisciplinary 

collaboration among architects, engineers, and 

sustainability consultants. This would streamline 

the design process and enable more holistic and 

integrated design solutions. 

Overall, the future scope of analysis on buildings using 

DesignBuilder is vast and holds immense potential for 

advancing sustainable building design, improving energy 

efficiency, enhancing occupant comfort and well-being, and 

mitigating the environmental impact of buildings. 

Continued research and innovation in this field are essential 

for addressing the complex challenges of urbanization, 

climate change, and resource scarcity facing the building 

industry 

References 

[1] Solarin SA. An environmental impact assessment of fossil 
fuel subsidies in emerging and developing economies. 
Environ Impact Assess Rev 2020;85: 106443. 

 https://doi.org/10.1016/j.eiar.2020.106443.  

[2] Sinsel SR, Riemke RL, Hoffmann VH. Challenges and 
solution technologies for the integration of variable 
renewable energy sources—a review. Renew Energy 2020; 
145:2271–85. 

 https://doi.org/10.1016/j.renene.2019.06.147. 

[3] Javadi FS, Metselaar HSC, Ganesan P. Performance 
improvement of solar thermal systems integrated with phase 
change materials (PCM), a review. Sol Energy 
2020;206:330–52. 

 https://doi.org/10.1016/j.solener.2020.05.106. 

[4] Tao YB, He Y-L. A review of phase change material and 
performance enhancement method for latent heat storage 
system. Renew Sustain Energy Rev 2018;93:245–59. 

 https://doi.org/10.1016/j.rser.2018.05.028.  

[5] Jouhara H, ˙ Zabnie´ nska-G´ ora A, Khordehgah N, Ahmad 
D, Lipinski T. Latent thermal energy storage technologies 
and applications: A review. Int J Thermofluids 2020;5–
6:100039. https://doi.org/10.1016/j.ijft.2020.100039. 

[6] Veerakumar C, Sreekumar A. Phase change material based 
cold thermal energy storage: Materials, techniques and 
applications – A review. Int J Refrig 2016;67: 271–89. 

 https://doi.org/10.1016/j.ijrefrig.2015.12.005. 

[7] Velmurugan K, Kumarasamy S, Wongwuttanasatian T, 
Seithtanabutara V. Review of PCM types and suggestions for 
an applicable cascaded PCM for passive PV module cooling 
under tropical climate conditions. J Clean Prod 2021;293: 
126065. https://doi.org/10.1016/j.jclepro.2021.126065.  

[8] Lin Y, Jia Y, Alva G, Fang G. Review on thermal 
conductivity enhancement, thermal properties and 
applications of phase change materials in thermal energy 
storage. Renew Sustain Energy Rev 2018;82:2730–42. 
https://doi.org/10.1016/j. rser.2017.10.002.  

[9] Wang T, Almarashi A, Al-Turki YA, Abu-Hamdeh NH, 
Hajizadeh MR, Chu Y-M. Approaches for expedition of 
discharging of PCM involving nanoparticles and radial fins. 
J Mol Liq2021;329:115052. https://doi.org/10.1016/j. 
molliq.2020.115052. 

[10] Li F, Sheikholeslami M, Dara RN, Jafaryar M, Shafee A, 
Nguyen-Thoi T, et al. Numerical study for nanofluid behavior 
inside a storage finned enclosure involving melting process. 
J Mol Liq2020;297:111939. https://doi.org/10.1016/ 
j.molliq.2019.111939. 

[11] Hajizadeh MR, Alsabery AI, Sheremet MA, Kumar R, Li Z, 
Bach Q-V. Nanoparticle impact on discharging of PCM 
through a thermal storage involving numerical modeling for 
heat transfer and irreversibility. Powder Technol 
2020;376:424–37. 

 https://doi.org/10.1016/j.powtec.2020.08.031. 

[12] Shafee A, Sheikholeslami M, Jafaryar M, Babazadeh H. 
Utilizing copper oxide nanoparticles for expedition of 
solidification within a storage system. J Mol 
Liq2020;302:112371. 

 https://doi.org/10.1016/j.molliq.2019.112371. 

https://doi.org/10.1016/j.eiar.2020.106443
https://doi.org/10.1016/j.renene.2019.06.147
https://doi.org/10.1016/j.solener.2020.05.106
https://doi.org/10.1016/j.rser.2018.05.028
https://doi.org/10.1016/j.ijft.2020.100039
https://doi.org/10.1016/j.ijrefrig.2015.12.005
https://doi.org/10.1016/j.jclepro.2021.126065
https://doi.org/10.1016/j.powtec.2020.08.031
https://doi.org/10.1016/j.molliq.2019.112371


International Journal of Engineering Applied Science and Management 

ISSN (Online): 2582-6948 

Vol. 6 Issue 6, June 2025 

 
 

 

 
Paper ID: 2025/IJEASM/6/2025/3181                  11 

 

[13] Jin X, Xiao Q, Xu T, Huang G, Wu H, Wang D, et al. Thermal 
conductivity enhancement of a sodium acetate trihydrate–
potassium chloride–urea/expanded graphite composite 
phase–change material for latent heat thermal energy storage. 
Energy Build 2021;231:110615. https://doi.org/10.1016/j. 
enbuild.2020.110615. 

[14] Wang T, Wang K, Ye F, Ren Y, Xu C. Characterization and 
thermal properties of a shape-stable Na2CO3-K2CO3/coal 
fly ash/expanded graphite composite phase change materials 
for high-temperature thermal energy storage. J Energy 
Storage 2021;33:102123. 
https://doi.org/10.1016/j.est.2020.102123.  

[15] Sakai H, Sheng N, Kurniawan A, Akiyama T, Nomura T. 
Fabrication of heat storage pellets composed of 
microencapsulated phase change material for high- 
temperature applications. Appl Energy 2020;265:114673. 
https://doi.org/ 10.1016/j.apenergy.2020.114673.  

[16] Rathore PKS, Shukla SK. Potential of macroencapsulated 
PCM for thermal energy storage in buildings: A 
comprehensive review. Constr Build Mater 2019;225: 723–
44. 

 https://doi.org/10.1016/j.conbuildmat.2019.07.221.  

[17] Nong H, Hajizadeh MR, Babazadeh H. Numerical modeling 
of paraffin melting expedition with considering nanoparticles 
through wavy duct. J Mol Liq 2020; 305:112807. 

 https://doi.org/10.1016/j.molliq.2020.112807.  

[18] Christopher S, Parham K, Mosaffa AH, Farid MM, Ma Z, 
Thakur AK, et al. A critical review on phase change material 
energy storage systems with cascaded configurations. J Clean 
Prod 2021;283:124653.  https://doi.org/10.1016/j. 
jclepro.2020.124653.  

[19] Lakshmi Narasimhan N. Assessment of latent heat thermal 
storage systems operating with multiple phase change 
materials. J Energy Storage 2019;23: 442–55. 
https://doi.org/10.1016/j.est.2019.04.008.  

[20] Singh P, Sharma RK, Ansu AK, Goyal R, Sarı A, Tyagi VV. 
A comprehensive review on development of eutectic organic 
phase change materials and their composites for low and 
medium range thermal energy storage applications. Sol 
Energy Mater Sol Cells 2021;223:110955. 
https://doi.org/10.1016/j. solmat.2020.110955. 

[21] Hashem Zadeh SM, Mehryan SAM, Ghalambaz M, Ghodrat 
M, Young J, Chamkha A. Hybrid thermal performance 
enhancement of a circular latent heat. additives. Energy 
2020;213:118761. https://doi.org/10.1016/j. 
energy.2020.118761.  

[22] Zhang X, Su G, Lin J, Liu A, Wang C, Zhuang Y. Three-
dimensional numerical investigation on melting performance 
of phase change material composited with copper foam in 
local thermal non-equilibrium containing an internal heater. 
Int J Heat Mass Transf2021;170:121021.  

https://doi.org/10.1016/j. ijheatmasstransfer.2021.121021.  

[23] Gao Y, Liu F, Wang J, Ye W, Meng X. Influence of the 
copper foam shape on thermal performance of phase-change 
material. J Energy Storage 2021;36: 102416. 
https://doi.org/10.1016/j.est.2021.102416. 

[24] Nie C, Liu J, Deng S. Effect of geometric parameter and 
nanoparticles on PCM melting in a vertical shell-tube system. 
Appl Therm Eng 2021;184:116290. 
https://doi.org/10.1016/j.applthermaleng.2020.116290.  

[25] Zeng S, Chen S, Wu G. Effect of inclination angle on melting 
process of phase change materials in a square cavity under 
mechanical vibration. J Energy Storage 2021;36:102392. 

 https://doi.org/10.1016/j.est.2021.102392.  

[26] Maldonado JM, de Gracia A, Cabeza LF. Systematic review 
on the use of heat pipes in latent heat thermal energy storage 
tanks. J Energy Storage 2020;32: 101733. 
https://doi.org/10.1016/j.est.2020.101733. 

[27] Xiong Q, Tlili I, Dara RN, Shafee A, Nguyen-Thoi T, Rebey 
A, et al. Energy storage simulation involving NEPCM 
solidification in appearance of fins. Phys A Stat Mech Its 
Appl 2020;544:123566. 
https://doi.org/10.1016/j.physa.2019.123566.  

[28] Huu-Quan D, Sheremet M, Kamel MS, Izadi M. Investigation 
of thermal-hydro dynamical behavior on nano-encapsulated 
PCM suspension: Effect of fin position, fractioning and 
aspect ratio. Chem Eng Process - Process Intensif 2020;157: 
108122. https://doi.org/10.1016/j.cep.2020.108122. 

[29] Safaei MR, Goshayeshi HR, Chaer I. Solar still efficiency 
enhancement by using graphene oxide/paraffin Nano-PCM. 
Energies 2019;12. https://doi.org/10.3390/ en12102002. 

[30] Sarafraz MM, Tian Z, Tlili I, Kazi S, Goodarzi M. Thermal 
evaluation of a heat pipe working with n-pentane-acetone and 
n-pentane-methanol binary mixtures. J Therm Anal 
Calorim2020;139:2435–45.  

https://doi.org/10.1007/s10973-019- 08414-2.  

[31] Ahmadi MH, Mohseni-Gharyehsafa B, Ghazvini M, 
Goodarzi M, Jilte RD, Kumar R. Comparing various machine 
learning approaches in modeling the dynamic viscosity of 
CuO/water nanofluid. J Therm Anal Calorim 2020;139: 
2585–99. https://doi.org/10.1007/s10973-019-08762-z. 

[32] Bahiraei M, Jamshidmofid M, Goodarzi M. Efficacy of a 
hybrid nanofluid in a new microchannel heat sink equipped 
with both secondary channels and ribs. J Mol 
Liq2019;273:88–98. 
https://doi.org/10.1016/j.molliq.2018.10.003.  

[33] Bahmani MH, Sheikhzadeh G, Zarringhalam M, Akbari OA, 
Alrashed AAAA, Shabani GAS, et al. Investigation of 
turbulent heat transfer and nanofluid flow in a double pipe 
heat exchanger. Adv Powder Technol 2018;29:273–82.  

https://doi. org/10.1016/j.apt.2017.11.013.  

[34] Giwa SO, Sharifpur M, Goodarzi M, Alsulami H, Meyer JP. 
Influence of base fluid, temperature, and concentration on the 
thermophysical properties of hybrid nanofluids of alumina–
ferrofluid: experimental data, modeling through enhanced 
ANN, ANFIS, and curve fitting. J Therm Anal 
Calorim2021;143:4149–67. 

 https://doi.org/10.1007/s10973-020-09372-w. 

[35] Bagherzadeh SA, Jalali E, Sarafraz MM, Ali Akbari O, 
Karimipour A, Goodarzi M, et al. Effects of magnetic field 
on micro cross jet injection of dispersed nanoparticles in a 
microchannel. Int J Numer Methods Heat Fluid Flow 
2020;30: 2683–704. 

 https://doi.org/10.1108/HFF-02-2019-0150.  

[36] Bagherzadeh SA, D’Orazio A, Karimipour A, Goodarzi M, 
Bach Q-V. A novel sensitivity analysis model of EANN for 
F-MWCNTs–Fe3O4/EG nanofluid thermal conductivity: 
Outputs predicted analytically instead of numerically to more 
accuracy and less costs. Phys A Stat Mech Appl 
2019;521:406–15.  

https://doi. org/10.1016/j.physa.2019.01.048. 

https://doi.org/10.1016/j.est.2020.102123
https://doi.org/10.1016/j.conbuildmat.2019.07.221
https://doi.org/10.1016/j.molliq.2020.112807
https://doi.org/10.1016/j.est.2019.04.008
https://doi.org/10.1016/j.est.2021.102416
https://doi.org/10.1016/j.est.2021.102392
https://doi.org/10.1016/j.est.2020.101733
https://doi.org/10.1016/j.physa.2019.123566
https://doi.org/10.1016/j.cep.2020.108122
https://doi.org/10.1007/s10973-019-08762-z
https://doi.org/10.1016/j.molliq.2018.10.003
https://doi.org/10.1007/s10973-020-09372-w
https://doi.org/10.1108/HFF-02-2019-0150


International Journal of Engineering Applied Science and Management 

ISSN (Online): 2582-6948 

Vol. 6 Issue 6, June 2025 

 
 

 

 
Paper ID: 2025/IJEASM/6/2025/3181                  12 

 

[37] Akbari OA, Safaei MR, Goodarzi M, Akbar NS, 
Zarringhalam M, Shabani GAS, et al. A modified two-phase 
mixture model of nanofluid flow and heat transfer in a 3-D 
curved microtube. Adv Powder Technol 2016;27:2175–85. 

 https://doi.org/ 10.1016/j.apt.2016.08.002. 

[38] Goshayeshi HR, Safaei MR, Goodarzi M, Dahari M. Particle 
size and type effects on heat transfer enhancement of Ferro-
nanofluids in a pulsating heat pipe. Powder Technol 
2016;301:1218–26. https://doi.org/10.1016/j. 
powtec.2016.08.007. 

[39] Shahsavar A, Goodarzi A, Mohammed HI, Shirneshan A, 
Talebizadehsardari P. Thermal performance evaluation of 
non-uniform fin array in a finned double-pipe latent heat 
storage system. Energy 2020;193:116800.  

https://doi.org/10.1016/j. energy.2019.116800.  

[40] Zhang S, Feng D, Shi L, Wang L, Jin Y, Tian L, et al. A 
review of phase change heat transfer in shape-stabilized 
phase change materials (ss-PCMs) based on porous supports 
for thermal energy storage. Renew Sustain Energy Rev 
2021;135: 110127. 

 https://doi.org/10.1016/j.rser.2020.110127. 

[41] Douvi E, Pagkalos C, Dogkas G, Koukou MK, Stathopoulos 
VN, Caouris Υ, et al. Phase change materials in solar 
domestic hot water systems: A review. Int J Thermofluids 
2021:100075. https://doi.org/10.1016/j.ijft.2021.100075.  

[42] Aramesh M, Shabani B. On the integration of phase change 
materials with evacuated tube solar thermal collectors. 
Renew Sustain Energy Rev 2020;132: 110135. 
https://doi.org/10.1016/j.rser.2020.110135.  

[43] Jaguemont J, Omar N, Van den Bossche P, Mierlo J. Phase-
change materials (PCM) for automotive applications A 
review. Appl Therm Eng 2018;132:308–20. 

https://doi.org/10.1016/j.applthermaleng.2017.12.097. 

[44] Jaguemont J, Van Mierlo J. A comprehensive review of 
future thermal management systems for battery-electrified 
vehicles. J Energy Storage 2020;31: 

 

https://doi.org/10.1016/j.rser.2020.110127
https://doi.org/10.1016/j.ijft.2021.100075
https://doi.org/10.1016/j.rser.2020.110135
https://doi.org/10.1016/j.applthermaleng.2017.12.097

