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Abstract- Passive design is a basic element of a cost-effective zero energy building design. It is usually not purely passive 
but having energy conservation concepts and active mechanical renewable energy generation systems. This concept has 
gained much international attention and now represents the main future target for the building’s design. On the other hand, 
Phase Change Materials (PCMs) are substances in which the heat at the solid-liquid phase transition point is used for 
storing large amounts of thermal energy at a certain temperature, thereby increasing thermal comfort. Therefore, this paper 
addresses, analyzes, and optimizes the dynamic energy modeling of the effectiveness of using PCM as a passive technique 
integrated with the zero-energy building envelope. The modeling tool TRNSYS has been used to investigate the impact of 
PCM on the thermal comfort perceived by the occupants. Results show that using thermal storage will cut down the annual 
energy consumption by 15.09%, reduce global warming, and heal the environment. 
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I. INTRODUCTION 
 
With the global climate change, the problem of 
carbon dioxide discharged into the atmosphere is 
becoming more important. With housing and 
residences consuming 30-40% of all energy 
resources, by applying the concept of a zero energy 
construction, we hence reduce this amount consumed 
[1]. Because of this, the issue of increasing energy 
efficiency and transitioning into low energy 
buildings is increasingly essential. Through applied 
research in the design and construction of these 
buildings, and by combining energy efficiency 
measures and HVAC systems, these zero energy 
building designs can be developed. 
 
Phase Change Materials (PCMs) are one type of 
thermal energy storage which can be used to store 
thermal energy in small temperature intervals. When 
loading a PCM storage, the heat transferred to the 
storage is absorbed by the material as it undergoes a 
phase change, typically through melting, and the 
heat is stored as phase change enthalpy. During the 
melting process, the temperature of the PCM 
increases only slightly. When unloading the storage, 
the PCM releases the stored heat as it solidifies.  
 
The decisions on space planning and architectural 
design of the building is a very significant aspect to 
consider when aiming for a low emissions building. 
To reduce the negative effects of the outdoor climate 
on the heating and cooling of the building, these 
decisions include building construction, its 
orientation, location, openings, and ventilation 
processes. In terms of building construction, the 

addition of PCMs to the walls of the building act as 
storage and regulates the internal thermal balance 
and performance of the building [1]. 
 
One of the most efficient ways to store thermal 
energy is through the utilization of PCMs in passive 
cooling/heating of buildings [2]. Different research 
projects have been developed since the last decade 
including [2-6]: direct incorporation or impregnation 
of the construction material, incorporation of PCM 
capsules in building components, manufacturing new 
panels with PCMs to replace classic wallboards or 
integrate with traditional wall, and incorporation in a 
plate heat exchanger to improve the performance of a 
HVAC system.  
 
Another possible design aspect that will increase the 
efficiency of the PCM encapsulated in the building 
material is the addition of external awnings. One 
detected issue with the use of PCM in the summer 
was that the high outdoor peak temperatures, of 
around 40 °C, and solar radiation prevented the 
solidification of the PCM. The awnings allowed the 
PCM to completely go through both melting and 
solidification processes and therefore provide more 
hours of comfort on the inside. Experiments 
performed by Arci et. al showed that indoor peak 
temperatures were reduced by about 6%, the PCM 
remained for at least 4% longer, and the comfort 
time was increased by a minimum of 10% [7]. Since 
this experiment was done for outdoor temperatures 
higher than those averaged in Jordan, it can be 
assumed that there will be better, if not the same, 
results if applied to the relatively colder 
temperatures. 
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In this research, the phase changing materials are 
implemented in a building, the building model is 
shown in Fig. 1, as a heat storing layer in PCM-
walls. These substances  can change their phase from 
solid to liquid at temperatures higher than its 
melting temperature. The phase changing will 
determine the extraction of latent heat necessary for 
the process from the interior air, which will then cool 
the interior space without any energy consumption. 

This process occurs mainly in the summer, during 
the day. At night, the process is reversible and the 
heat embodied in the PCM panels during the day is 
released to the indoor environment. During the 
winter, these materials act as thermal mass and have 
the ability to store more energy than conventional 
materials, with the latent heat of PCM being 286 
kJ/kg. 

 

 
Fig. 1: Building Model 

 
The hourly simulation process is carried out using 
TRNSYS, which is a transient systems simulation 
programme with a modular structure. The main 
TRNSYS component used is Type204 which models 

a PCM-wall located in a structural element of a 
dwelling. Type204 is designed to interact with 
Type56 (building model). The model is shown in 
Fig. 2. 

 

 
Fig. 2: TRNSYS Model 
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II. RESULTS AND ANALYSIS 
 
The yearly energy consumption is divided into two 
seasons; heating and cooling seasons. The heating 
season starts in October and ends in March while the 
cooling season extends from April till September. 
The heating and cooling energy demands for the 
selected model versus different PCM melting 
temperature were simulated with TRNSYS. The 
energy required to maintain the space temperature at 
the constant value if the space temperature rises 

above or falls below the set point was calculated. The 
calculated energy was independent of any heating 
and cooling equipment, and the supply air of 
ventilation was considered to have the same 
temperature than the indoor air. Hourly analysis for 
one room integrated with PCM panel at different 
melting temperature was conducted and compared 
with traditional one. The obtained results are plotted 
in Fig. 1 and Fig. 2. It is noted that the optimum 
melting temperature in winter and summer is 
22.5˚C.  

 

 
Fig. 3: Effect of PCM Melting Temperature on the Annual Heating Demand 

 
At the optimum PCM melting temperature, the 
heating energy reduces by 13.09% as compared with 
base case (as shown in Fig. 3). Fig.4 represents 
cooling load versus PCM melting temperature. The 
cooling energy reduction due to PCM is more than 

heating energy reduction. The energy saving jumps 
to 20.32% as compared with the base case. The 
annual energy consumption as a total decreased by 
15.09% which reduces an amount of 140 kg of CO2 
emission to the environment 

 

 
Fig. 4: Effect of PCM Melting Temperature on the Annual Cooling Demand 
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Fig. 5 and Fig. 6 present the variation of the winter 
heating and summer cooling loads during the 
selected days, with and without phase change 
materials. The simulation results for the selected 
days in winter (22nd of February) and in summer 
(29th of August), with and without phase change 

materials, are depicted in Figs. 4. During summer 
the cooling system operates at lower capacity during 
the peak period of the day. The phase change cycle is 
sufficient to reduce the cooling needs, as shown in 
Fig. 4.  

 

 
Fig. 5: Cooling load for Optimum Melting Temperature during the 29th of August. 

 
Furthermore, it can be observed that at the first eight 
hours the heating system operates at lower capacity 
due to the phase changing cycle, but at the rest of the 

day it is needed an extra effort of the heating system 
to provide occupants with comfort level (Fig. 5).

 

 
Fig. 6: Heating load for Optimum Melting Temperature during the 22nd of February. 

 
CONCLUSION 
 
Building a more energy efficient house means 
reducing the amount of energy used and lowering the 
running cost without affecting the comfort level. 
From the house‘s orientation to the rooms’ layout to 
the using PCM, there are so many different ways to 

increase the building’s efficiency, making it 
sustainable in the long-run.  
The use of PCMs in buildings provides the potential 
for better indoor thermal comfort for the occupants’ 
due to the reduced indoor temperature fluctuations 
and a lower global energy consumption, due to the 
load reduction/shifting. In this work PCM had a 
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great impact on the energy reduction: 20.32% lower 
cooling and 13.09% lower heating.  
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