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Executive Summary 

This capstone project aims to study the thermal behavior of walls incorporated with phase 

change materials and investigate how much these materials can reduce energy consumption of 

buildings and make them efficiently better.  

The first part of the work will be based on an intensive literature review on energy 

consumption in Morocco, phase change materials, their properties and their incorporation in 

buildings.  

The second part of the project is a comparison of numerical values obtained in the 

software ANSYS with an experimental study that was done in Hassan II Faculty of Sciences in 

Casablanca.  The study is about the thermal behavior of two cavities one incorporated with phase 

change materials and the other one serving as reference cell. The results expected on the software 

ANSYS should coincide with the experimental results obtained and that will consequently 

expose the many benefits of PCM in buildings.  
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I.Introduction 

Morocco is estimated to import about 97% of its energy consumption from foreign 

countries and since energy prices rise significantly and global warming become more critical, 

energy management is an important aspect of the country’s development to target. In order to 

insure an energy security, Morocco has known the birth of several agencies that targets energy 

efficiency, the establishment of laws and many other initiatives to fulfill the government’ 

energetic goals. [1] 

Morocco has put in place strategies to improve efficient usage of sources by creating the 

National Agency for the Development of Renewable Energy and Energy Efficiency (ADEREE) 

which targets specific energy goals. The purpose of the agency is to work on the development of 

energy efficiency regulations for both businesses and domestic consumers. ADEREE has 

conducted a study that contain 122 measures to improve Morocco’s energetic efficiency in the 

construction, industry, agriculture and transport sectors. One of its many goals is to achieve 25 to 

30% savings in energy efficiency by 2030. The CEO of ADEREE, Said Mouline, has 

emphasized on the importance of pursuing renewable energy policies and improving efficiency 

even if the country was to find oil which reduces considerably its energy dependence; because of 

how valuable the environment is and how destructive the burning of fossil fuels could be. [1] 

 

Figure 1 ADEREE's logo 
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In September 2011, Morocco has adopted a new law 47-09 to improve its energy 

consumption and reduce its cost by implementing thermal regulations in different sectors and by 

establishing domestic energy efficiency goals. Among the many decrees implemented gradually 

to allow the market to adjust, is the obligation to carry out energy audits. Moreover, tariffs would 

be decreased for industrials if they move their consumption to non-peak times. [1] 

“Thermoregulation for the construction sector will apply to new buildings, but equally 

include an audit system for existing buildings. ADEREE has estimated that these measures will 

be able to reduce heat and air conditioning needs in buildings by 39-64% for the residential 

sector, and by 32-72% for businesses.” [1] 

Alongside with ADEREE, we find other agencies such as the Moroccan Agency for 

Sustainable Energy (MASEN). This agency strikes for diminishing the country’s dependence on 

fossil fuel and orienting all the efforts toward generating clean energy from renewable resources. 

The agency ultimate goal is to secure 52% of the country’s energy mix from renewable sources 

by 2030 allowing a broad range of job opportunities and solving environmental issues related to 

CO2 emissions coming from burning of fossil fuels. [2] 

 

Figure 2 MASEN's logo  

Morocco total primary energy supply (PTES) has grown considerably reaching 18.8 million 

tons of oil (Mtoe). Its energy mix is presented as follow: 
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 Oil (67.6% of TPES) 

 Coal (16.1% of TPES) 

 Biofuels and waste (7.4% of TPES) 

 Natural gas (5.7 % of TPES) 

Morocco’s energy consumption by sectors is as follow: 

 Transport sector (33.2%), 

 Industry (26%), 

 Residential and commercial sectors (20.4%) 

Concerning the electricity consumption by sector: 

 Industry Sector (43.6%) 

 Residential sector (32.8%) 

 Commercial sector including agriculture (22.4%) 

 Transport sector (1.2%) [3] 

Estimates done by the Moroccan Ministry of Energy, Mines, Water and the Environment 

(MEMEE) on the country’s future electricity consumption would reach 49 TWh/y by 2020 and 

65 TWh/y by 2025 and its future energy primary demand would reach 26 Mtoe in 2020 and 43 

Mtoe in 2030 (between 36.6 and 54.5 Mtoe). [3] 

Regarding Morocco’s future electricity consumption, estimates do differ but MEMEE 

estimates approximate the national consumption to reach 49 TWh/y by 2020 and 65 TWh/y by 

2025. [3] 
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II.Experimental context  

1. Experimental Set-up 

In the Faculty of Sciences, Ain Chock Casablanca, PHD students have done a work 

consisting of investigating experimentally the thermal behavior of a cavity integrated with phase 

change material (PCM) for thermal control of indoor buildings. The experiment consisted of 

monitoring the different temperatures of two full scale identical concrete cavities. The first cavity 

was incorporated with a paraffinic PCM with a melting temperature of approximately 22 °C 

while the second one was made of alveolar bricks and served as a cavity reference cell.  

The PCM used is a commercially available product of the company DuPont. According to 

the product’s flyer on DuPont website: “DuPontTM Energain® is a revolutionary new product, 

which provides additional thermal mass to low inertia buildings at the mercy of solar gains and 

temperature fluctuations. The aluminium-laminated panels help increase comfort levels, save on 

energy costs and reduce CO2 emissions.” The product benefits the constructions by reducing 

temperature peaks by as much as 7° C and thus contributing to controlling comfort levels. In 

addition, it lowers energy usage and costs, lessening the need for air conditioning; and by doing 

all the above it contributes to lowering CO2 emissions that results from heating and cooling 

activities. [4] 
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Figure 3 DuPont Energain panels  

The way this materials behave is as follow: the wax/paraffin inside the panel melts at around 

22° C and solidifies at around 18°C. During the day where the temperature is relatively higher, 

as the compounds melt heat is absorbed from the room. When the wax resolidifies, it releases 

heat back to the room. “By absorbing heat, DuPontTM Energain® significantly slows down the 

temperature increases within a room, reducing temperature peaks by as much as 7°C. As 

temperatures drop, the absorbed heat in the panels is released, warming rooms and reducing the 

usage of heating systems”. [4] 
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Figure 4 Thermal properties of DuPont Energain panel 

2. Results 

Using one Energain panel of 5mm thickness is equivalent to using 30mm of concrete. The 

test cells were equipped with thermocouples (75 thermocouples K-type 2/10 mm) with an 

accuracy of +-2%; and heat flux meters with an accuracy of +-3% and 0.3s response time 

connected to a data logger. The parameters registered with 10 minutes’ frequency are: internal 

wall temperatures, external temperature, internal ambient temperature at height of 1.5m and heat 

fluxes at the cubicle faces. Results of the experiment have showed the following: 
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 Significant reduction of indoor temperature fluctuations due to absorption and release of 

solar gains in the composite wall in conjunction with melting of the PCM 

 Thermal load of the cubicle containing PCM was reduced compared to the case without 

PCM with more constant conditions during the heating period 

 Integration of PCM in the roof lowers the temperature of inner side walls and reduces the 

amplitude of the oscillations of the temperature during the air refreshing period 

 The heat flux flow reaches 2.5W/m2 in the reference well while it exceeds 4.5W/m2 in 

the PCM cell. 

 Thermal conditions of the indoor environment achieved with the presence of PCM panels 

were considerably improved compared to cubicle without PCM  

 Data analysis exhibits a slower thermal reduction in the PCM cubicle case (since it has 

stored more heat during a day). [5] 

As stated before, the purpose of my capstone project is to verify the above results by simulating 

the heat flux using the software ANSYS. 

III.Phase change materials  

1. Definition 

Phase change materials are materials used in thermal management. They store and release 

thermal energy during the process of melting (releases large amount of energy called latent heat 

of fusion or energy of crystallization) and freezing (same amount of energy is absorbed from the 

environment as the material changes from solid to liquid when melting). Water is the simplest, 

cheapest and most effective phase change material although its freezing temperature (0°C/32°F) 



 12 

makes it unsuitable for energy storage uses. Consequently, materials have been developed that 

can freeze and melt in the range of the cryogenic range to several hundred degrees centigrade. 

[6] 

2. Types of PCM 

Any PCM can be classified according to its phase transition: solid–solid, solid–liquid, 

solid–gas and liquid–gas. The most interesting one is the solid-liquid type for having a smaller 

volume change compared to the others, no gas or liquid formation, negligible sub-cooling, non-

toxicity, corrosion resistance, high thermal efficiency and fair service life. However, it can have 

some drawbacks like a high cost and a poor thermal conductivity. [9] 

 

Figure 5 Classification of PCMs according to their phase change 

Solid-liquid PCMs can be divided into four categories: eutectics, salt hydrates, organic 

materials and high temperature salts. 

 Sub Zero Eutectic PCMs (solutions of water that have phase change temperature below 0°C) 

http://www.pcmproducts.net/files/PCM%20Summary%202013-E.pdf
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 Positive Temperature Salt Hydrate PCMs (specific salts that can incorporate water of 

crystallization during freezing, change phase above 0°C) 

 Positive Temperature Organic PCMs (generally polymers with long chains of carbon and 

hydrogen, exhibit high orders of crystallinity when freezing and change phase above 0°C) 

 High Temperature Salt PCMs7 

Figure 6 Classification of PCMs with melting temperatures 

+Clathrates: are suggested as being potential PCMs. They look like a solid crystalline and store large 

amount of heat when they melt. They involve host molecules (arranging themselves like a cage) 

trapping a different molecule. The issue is that when melted, the two materials cannot be 

reincorporated (can only be used once as PCM). 7 

PCMs could also be classified according to their melting temperature ranges: 

http://www.pcmproducts.net/files/PCM%20Summary%202013-S.pdf
http://www.pcmproducts.net/files/PCM%20Summary%202013-A.pdf
http://www.pcmproducts.net/files/PCM%20Summary%202013-H.pdf
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-Paraffin, fatty acids, polymers, salt hydrates and sugar alcohols for melting ranges between 0 and 20 

degrees. This category is most suitable for the application of PCM in construction buildings since the 

comfort temperature is approximated around the 20 degrees.                           

-For higher temperatures, we find salts, salt eutectics, metal alloys and carbonates. 8 

 

Figure 7 Graph of material classes that are been investigated and used as PCMs 

3. PCMs in Constructions  

Considering the previous statistics that show the increasing expectations in terms of 

energy consumption in Morocco, solutions have been implemented to generate clean energy 

coming from renewable sources. The electricity generated from the many abundant natural 

sources such as solar and wind would serve for many purposes among which we find the heating 

and cooling of residential buildings. Besides that, there are other ways of saving energy and 

reducing electricity consumptions such as building ecofriendly structures that would sustain 
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themselves in a way: these structures are incorporated with phase change materials that would 

help stabilize heat flux and provide a suitable indoor temperature of comfort. [10] 

For this purpose, the following strategy should be adopted:  

- Choosing a PCM allowing comfort temperature about 20°C 

- Measuring its thermo physical properties (for example thermal conductivity and specific heat 

capacity) 

- Choosing a mode of packaging and incorporation in structure 

- Measuring the response of the construction component or the wallboard to temperature 

variations [10] 

As stated above, there may exist different ways of incorporating PCM in constructions, the table 

below is my investigation on some of the existing techniques of PCM incorporation in structures 

and their applications.  

PCM: Paraffin/redbrick (shape-stabilized 

composite PCM or form stable composite 

PCMl, 40% of parrafin is retained) 

Process:  

+ the red brick is pounded, reduced to a 

powder then dried in an oven at 105 ° C for 

24h. + The procedure of sample 

preparation consists of two steps: 

 Paraffin is placed into a water bath 

at 65 °C. When the paraffin is 

melted, the red brick powder is 

added in the molten paraffin wax. 

During this step, the temperature of 

the mixture is maintained above the 

melting point of the paraffin wax at 

65 °C  

 Solidification step (takes about an 

hour): the mixture is poured in a 

rectangular mold where it is left to 

 

 
Khedache, S., Makhlouf, S., Djefel, D., Lefebvre, 

G., & Royon, L. (2015). Preparation and thermal 

characterization of composite “Paraffin/Red Brick” 

as a novel form-stable of phase change material for 
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dry at room temperature 21°C to 

form a solid composite samples  

+To improve the thermal conductivity of 

the composite made of expanded graphite 

is added with the mass fractions of 4; 7 and 

10%  

+At the end the mixture undergoes a 

uniaxial cold pressure 

Properties: the melting temp 52,73 °C, 

freezing temperatures 55,8 °C, latent heats 

of the form-stable PCM 41,32 J/g and 

42,39 J/g   

thermal energy storage. International Journal of 

Hydrogen Energy, 40(39), 13771-13776. 

doi:10.1016/j.ijhydene.2015.03.075 

PCM: Three types of PCMs have been 

tested: 1.PolyEthyleneGlycol 600, 2.Fatty 

acid mixture,3.Paraffins, Microcapsules of 

paraffin (Melting temperature 28°C). 

Process: The basic idea is to prepare the 

Phase Change Material (PCM) by mixing 

at high temperature above 100°C the 

paraffin which serves as a latent heat 

storage material and a styrene-butadiene-

styrene (SEBS) block copolymer-polymer 

leading to a matrix acting as a supporting 

material 

+several applications of a new material 

which can be used in several ways such as 

(i) incorporation in a brick to build a wall, 

(ii) incorporation in a panel to make a light 

wallboard, (iii) incorporation in a heat 

exchanger plate to improve performance of 

a HVAC system. 

Properties: Tm is estimated to 27.4°C 

 
Phase change materials (PCM) for cooling 

applications in buildings: A review. (2016, April 

16). 
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PCM: an acrylic tube (k = 0.19 w/m k) 

with a diameter of slightly less than 45 mm 

was filled with PCM which here refers to 

paraffin, octadecane (alkane hydrocarbon)  

inside hollow bricks 

Process: After applying silicone to the 

surface of the sealed acrylic tube, it was 

placed into the cylindrical hole of the brick  

# To measure the temperatures, thin holes 

were drilled into the bricks, reinforced 

concrete and acrylic tubes and 

thermocouples were inserted in the holes # 

Properties: + PCM- treated bricks have a 

better daytime thermal insulation effect 

than ordinary untreated bricks.  

+ PCM-treated bricks have the potential to 

provide effective indoor heat preservation 

at night, when temperatures fall outdoors.  

 

 

 

Figure 8 Examples of PCM incorporation and applications 

4. Phase Change Materials and Thermal Energy Storage for Buildings 

 

Nowadays, the need for developing new technologies to insure thermal comfort in 

buildings (lowering the heating and cooling demands) has become more and more important. 

Research has proven that Thermal Energy Storage (TES) is a way to do so.  

Sustainable heating/cooling in buildings can be done as follow: 

1. Passive Systems in building envelops 

2. Phase Change Materials in active systems  

3. Sorption Systems 

4. Seasonal Storage  
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In the building and industrial sectors, the use of TES can adjust the gap between energy supply 

and demand, increase the overall efficiency and reliability, reduce investment and running costs, 

and reduce environmental issues related to carbon emissions. Storage technologies adopted for 

the building sector are classified as active or passive systems. [12] 

i. Passive TES 

 

In the literature, passive storage using PCM is focused on. Phase change materials can be 

incorporated in construction materials using the following methods: 

 Direct Incorporation (potential leakage of the material should be taken into consideration) 

 Immersion (potential leakage of the material should be taken into consideration) 

 Encapsulation (new layer appears in the construction system of the wall) 

 Microencapsulation 

 Shape-Stabilization (new layer appears in the construction system of the wall) [11] [12] 

Wallboards are considered as the best option to incorporate PCM to building walls. However, it 

is needed to validate these constructions and their longtime durations. [12] 

 
Figure 9 So called Plug And Play testing for PCM containing wallboards 

To enhance thermal energy storage and energy distribution, a new approach of PCM-

wallboards has been developed. It consists of the addition of the PCM supported by expanded 

http://www.sciencedirect.com/science/article/pii/S0378778815004338#bib0430
http://www.sciencedirect.com/science/article/pii/S0378778815004338#bib0430
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graphite nanosheets. Another approach would be to impregnate/mix PCM with concrete or 

mortar. The aim is to maintain the good mechanical properties of concrete and to enhance its 

thermal properties such as its specific heat capacity. An observation made regarding this 

approach is that the addition of PCM to concrete decreases its density which results in an 

interesting impact in the building structure weight. [12] 

 
Figure 10 Test wall with PCM enhanced wallboards

 

Figure 11 Microencapsulated PCM honeycomb wallboard 

An additional way of incorporating PCM in building walls is to mix it with insulation 

materials. The joint benefits of having both the storage capacity of PCM and insulation materials 
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(polyurethane in a study made) promotes energy savings but more research to improve the 

composite is needed. Some recent studies focus on synthesis methods and TES capacity but 

neglect an important property which is heat transfer resistance for thermal insulating materials.  

Encapsulated PCM is added in big enclosures and it is important to define its optimum location 

within lightweight building construction systems. In masonry wall, the PCM could be placed, in 

instance, within clay brick. [12] 

 
Figure 12 Wall including PCM in different locations: a) control wall, b) PCM located next to the 

internal face of a gypsum wallboard, c) PCM located between two insulation layers; and d) 

PCM located next to the internal face of an oriented strand board 

 
Figure 13 Clay bricks including PCM macrocapsules 

ii. Active technologies 
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TES can also be used in active systems and is considered to be a reliable solution for several 

applications such as: 

+implementation of renewable energy sources in the HVAC (for space heating/cooling) 

+improvement in the performance of some current installations 

+possible application of peak load shifting strategies 

The core of the building including core/floor/walls, external solar facades, suspended ceilings, 

ventilation system, PV systems and water tank are all used to integrate TES in the building. [12] 

 
Figure 14 Integration of TES in buildings 
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In active building systems, the use of free cooling is considered as one of the main 

applications of TES. The storage is charge with low night temperature and is then discharged 

when there is a cooling demand.  PCM is used as the storage medium because of its high-energy 

density during the phase change. The main drawback of the material is that it cannot sometimes 

solidify in certain warm climates or summer weathers where the temperature does not drop 

below the phase change range. Enhancing the thermal conductivity of PCM and with appropriate 

control strategies, the problem could be solved. [12] 

 

Figure 15 Cooling a) and regeneration mode b) of the ventilated cooling ceiling with PCM 

TES can also be used in building solar systems to cover heating and domestic hot water 

demand (the most popular TES is using water tanks). In addition, the thermal energy storage of 

solar energy in active building systems is developed to implement solar air collectors in building 

walls or use PCM in ventilated facades. [12] 
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Figure 16 Operational mode of the ventilated facade with PCM 

Another application of TES in active systems using PCM is done for space cooling and 

heating. The TES is integrated in heat pumps to not only shift electrical loads from high-peak to 

off-peak periods but also to achieve important energy savings on the defrosting system of the 

outdoor unit or for heat recovery application as well. However, the application of the previous 

TES technologies requires smart control techniques to improve their performance and make them 

more attractive in the market. [12] 

  “TES has very big potential as a key technology to reduce the energy demand of 

buildings and/or to improve the energy efficiency of their energy systems. Several groups and 

associations (i.e. IEA, RHC Platform, EASE) have highlighted this potential and have even 

given the points that need to be further studied to achieve this potential. Some of these 

challenges are to reduce the cost, to increase the compactness of the systems, to increase the 

energy density of the materials and systems, to increase the thermal conductivity of the materials, 

and to develop new materials, especially fluids that can act as heat transfer fluids and storage 

material at the same time.” [12] 
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IV.ANSYS Analysis 

1. Problem specifications  

The objective of my simulation in ANSYS is to generate the temperature and heat flux in my 

two south walls. One wall contains the PCM whereas the other wall serves as reference wall. 

Two separate thermal transient analysis would be conducted. This part proves that a wall 

integrated with PCM has a better thermal performance than a wall without PCM. 

 
Figure 17 Screenshot of the project schematic in ANSYS 

The figure above shows a summary of all the steps required to make an analysis using the 

software ANSYS. Whenever a step is completed, a green check appears on the right of the box, 

otherwise, if the step contains wrong data or is incomplete a yellow flash appears. The steps 

should be completed one by one from choosing the type analysis to solving for the results. It is 

not possible to do them in a random manner. Moreover, ANSYS allow the user to connect 
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between any two-analysis saved in the same project: for example, I could import the engineering 

data of the PCM-wall analysis to the reference cell analysis. 

The first step consists of choosing the right analysis depending on the problem specifications. 

For instance, if the purpose is to get the thermal behavior of a structure, steady state thermal 

analysis or transient thermal analysis could be employed. These analyses use convection, 

radiation and conduction loads to compute thermal properties such as the temperature in the 

structure and the total heat flux across it.  

2. Pre-Analysis and Start-up 

In this part, we will see the occurring phenomenon on our wall. We can notice in the following 

figure, the three ways of heat transfer on a composite wall. 

a. Heat Transfer  

Heat transfer is the form of energy that flows from a body to another to the to a difference in 

temperature between these two bodies. There exist three means by which this energy travels:  

1. Conduction  

2. Convection 

 3. Radiation [13] 

1.Conduction  

Conduction represents between energetic particles. In other words, it deals with the movement of 

electrons within the body studied and the microscopic collision of its particles. Fourier’s Law 

describes and quantifies this transfer of energy: 
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2.Convection 

Convection heat transfer represents the energy that flows from a solid to a moving fluid, and vice 

versa knowing that each being is at different temperatures. Newton’s law represents this kind of 

heat transfer by the flowing equation:  

 

3.Radiation 

“Thermal radiation is the energy transfer between two bodies via electromagnetic waves. This 

form of energy transfer is exhibit by all bodies, and requires no medium for the heat to be 

transferred. It can even be seen to occur in a vacuum.” [13] 
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Stefan-Boltzmann’s law shown in the following equation describes the amount of energy 

radiated by a surface:  

 

The emissivity in the equation characterizes the materials ability to radiate energy in comparison 

to a perfectly radiating black body. The value can range from 0 (non-radiating body) to 1 (black 

body). For our study, we will take the emissivity of mortar that constitutes the outside face of our 

south wall. [13] 

Similarly, in our analysis, we will apply the above methods of heat transfer.  

 

Figure 18 The three heat transfer methods 
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b. Energy Equation 

“When performing a thermal simulation in ANSYS, the solution of temperature is uncoupled 

from pressure and velocity. This means that the equation of energy is the only system of 

equations used to solve for the temperature values throughout the model.” [13] 

 

ANSYS is a powerful software that can combine many fields in order to solve for real life 

problems. The figure represents a coupled field capabilities such as electricity, magnetism, heat 

transfer and fluid mechanics of a solid mechanics in ANSYS. [14] 

 

Figure 19 Coupled field capabilities of ANSYS 
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3. Geometry  

In this work, the geometries chosen are two walls with similar dimensions. These two 

walls represent the south walls of the cubicles used in the experimental study. We have only 

chosen the wall to perform the analysis on to simplify the case because taken the whole cubicle 

structure would be more complicated and will require much more time. The first wall serves as a 

reference wall composed of five layers of brick, air, and mortar, whereas the second wall is the 

wall that contains the PCM and is made of 7 layers of brick, air and mortar as well. The PCM 

wall dimensions are as follow: height: 2.8 meters, width: 2.8 meters, depth: 0.31926 meters. The 

reference wall dimensions are: 2.8 meters, width: 2.8 meters, depth: 0.31 meters. [5] 

I have built the two walls in the software SOLIDWORKS and have saved them as “.IGS” so that 

I could import them directly to ANSYS. In a first attempt to solve the problem, I have built the 

whole cubicle structure with the dimensions found in the figures below but as mentioned earlier I 

moved on to study the wall’s behavior only.  
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Figure 20 Envelop materials for the two cubicles 

 

Figure 21 Screenshot of the cubicle structure built in SOLIDWORKS 
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Figure 22 The experimental setup full scale size of the cubicles

 

Figure 23 South-wall of the PCM-cubicle, made of seven layers 
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Figure 24 South wall of the reference-cubicle, made of five layers 

4. Mesh  

Finite Element Method and Discretization 

“The description of the laws of physics for space- and time-dependent problems are usually 

expressed in terms of partial differential equations (PDEs). For the vast majority of geometries 

and problems, these PDEs cannot be solved with analytical methods. Instead, an approximation 

of the equations can be constructed, typically based upon different types of discretizations. These 

discretization methods approximate the PDEs with numerical model equations, which can be 

solved using numerical methods. The solution to the numerical model equations are, in turn, an 

approximation of the real solution to the PDEs. The finite element method (FEM) is used to 

compute such approximations.” [15] 

The discretization consists of breaking up the domain of the problem into elements (subsections). 

These elements can take diverse shapes like triangles or quadrilaterals. In our case, they take a 
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rectangular shape. Each element has a precise number of nodes and it is specifically at these 

nodes that the solutions of our equations are found. After this step where the domain is 

discretized, approximate solutions are assumed over each of the elements created. [13] 

 

Figure 25 Discretized control volume where a square control volume is broken up into four 

quadrilateral elements each with four nodes 

The software generated automatically the mesh of our geometry. The mesh could be refined 

according to the complexity of the structure but since we have a wall without any door or 

window, it was easy to generate an accurate mesh.  
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Figure 26 Details of the mesh in reference wall 

 

 Figure 27 Details of the mesh in the PCM-wall 

5. Physical set-up 

For any analysis, it is necessary to both define the materials from which the structure is made of 

and the loads that would be applied to the structure. 

The table attached below shows all the materials used: air, mortar, alveolar brick, and our 

“Energain Dupont” phase change material. ANSYS contains a range of materials within its 

database but it gives also the possibility to enter any new material and add all its properties. It 

also allows the user to choose an existing material and change one or some of its properties. For 
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my analysis, I added the mortar, alveolar brick and PCM as new materials and I added air as an 

existing material but changed one of its properties.  

 

 

Figure 28 Materials used in the wall’s structures 
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Concerning the loads applied on the walls, they are the same for the PCM wall and the reference 

wall according to what was done in the experimental study.  

1. For the Reference Wall 

 The Initial temperature of 20 °C was set and the ambient temperature was taken as 20°C 

as well as an approximation.  

 The thermal conductivities for all materials were entered in the previous section, ANSYS 

automatically accounts for conductivity. 

 Convection was assigned by selecting the simplified case of stagnant air with film 

coefficient of 5 W/m2.°C and ambient temperature of 20 °C. 

 Radiation was assigned to the external face of the wall and the emissivity of mortar 

(which constitutes that wall) was entered with a value of 0.87. 

 An initial heat flux of 0.3W/m2 was applied to the structure. 

2. For the PCM Wall  

 The Initial temperature of 20 °C was set and the ambient temperature was taken as 20°C 

as well (as an approximation). 

 The thermal conductivities for all materials were entered in the previous section, ANSYS 

automatically accounts for conductivity. 

 Convection was assigned by selecting the simplified case of stagnant air with film 

coefficient of 5 W/m2.°C and ambient temperature of 20 °C. 

 Radiation was assigned to the external face of the wall and the emissivity of mortar 

(which constitutes that layer of the wall) was entered with a value of 0.87.  

 An initial heat flux of 2.4 W/m2 was applied to the structure.  
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6. Results and Interpretations 

There is a solution section where you can ask the software which parameters you desire 

to find. In the transient thermal analysis, you could ask for the temperature, total heat flux, and 

directional heat flux.  

I am only interested in generating two properties: the temperature and total heat flux. The 

following figures show the results found: 

Figure 29 Temperature in reference south-wall 
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Figure 30 Heat flux in reference south-wall 

The results of the transient thermal analysis using ANSYS show a maximum temperature of 

28°C compared to 30°C in the experimental study. Regarding the heat flux, it is found to be 

approximately 2.1W/m2 in ANSYS compared to 2.5W/m2 in the experimental study.  

 

Figure 31 Temperature in PCM south-wall 
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Figure 32 Heat flux in PCM south-wall 

The experimental data analysis shows that the thermal reduction in the PCM cubicle is slower 

than that in the reference cubicle since it had stored more heat during a day. It is also found to be 

with less temperature fluctuations since the heat stored during the day is naturally released for 

heating needs during the following cold nights.  

 

The results of the transient thermal analysis using ANSYS show a maximum temperature of 

32.813°C compared to 33.2°C in the experimental study. Concerning the heat flux, it is found to 

be very important for the PCM wall, approximately 3.8W/m2 in ANSYS compared to over 

4W/m2 in the experimental study.  

 

We can conclude that the results are matching with a slight difference of 2 degrees or less for the 

temperature and 1W/m2 or less for the heat flux.  
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7. Limitations  

The biggest limitation of ANSYS in this analysis is its ability to display correct results for a 

big-time step. To find reasonable results in transient thermal FEA, two part must be well 

completed: 

1. The mesh should be adjusted and should have a good resolution. 

2. The time step must be well sized to yield to correct behavior of the structure. [16][17] 

In addition, ANSYS as many existing software has a user friendly interface since it can guide the 

user throughout the work by displaying error messages. Among the messages encountered during 

my work we can find:  

 The shared license is currently not available for this application 

 During this process, the elapsed time exceeded the CPU time by an excessive margin. 

Often this indicates a lack of physical memory RAM. 

 Error updating the Solution component. 

 Unable to attach the geometry. 

 Insufficient disk space.  

8. Future Work  

Machine use: I would advise for a future work to consider a larger memory and a more 

performing and powerful device.  

Analysis: This analysis could be performed on walls with different dimensions and compositions 

to evaluate their thermal behavior and make comparisons. Moreover, I would advise to include 

an analysis cost of the PCM type used in the wall because that would to find the less costly 

combination of PCM and thermal performance of the wall.  
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V.STEEPLE ANALYSIS 

1. Social Implications: 

The project of incorporating phase change materials into buildings will benefit the Moroccan 

society in general. Citizens suffer from the costs of burning wood, gas or oil to heat their houses 

in harsh weathers (which can represent a great danger on their health: inhaling toxic gases which 

lead to respiratory illnesses…). They also suffer from high costs of cooling systems during hot 

summers. In addition, through this kind of projects, citizens will be taught the importance of 

energy savings inside the construction sector on both their economy and the environment.  

2. Technological Implications: 

This project will help improve the building sector by finding a suitable way of combining PCM 

in constructions and thus reducing energy consumption since these materials allow a temporary 

storage of heat. Concerning the tools used to generate results about the different thermal 

properties, the software used are SOLIDWORKS and ANSYS. As a first step, SOLIDWORKS 

was used to build the whole structure. As a second step, ANSYS was used to conduct a transient 

thermal analysis and generate the temperature and total heat flux of the wall.  

3. Environmental Implications: 

The environmental factors not only study the positive impact of the project on the environment 

but they also study the negative ones. We are concerned here with only good and positive 

impacts; the project will reduce energy consumption and more specifically electrical 

consumption used for heating and cooling of houses. Thus, it will reduce CO2 emissions related 

to burning of fossil fuels (for instance, burning wood in fireplaces during winter). 

4. Economic Implications: 
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The project is expected to reduce electricity bills for houses which uses electrical heating or 

cooling. It will also reduce the amount of wood used in fireplaces and thus the budget dedicated 

to wood buying’s. The project would create a large pool of job opportunities for the people who 

will incorporate PCM into the constructions.  

5. Political Implications: 

The project goes along with the country’s vision of sustainable development. Research on how to 

decrease energy consumption is encouraged and many projects are launched to achieve this goal. 

Transforming regular houses into sustainable ones that would supply themselves is a huge push 

to the energy sector in Morocco.  

6. Legal Implications: 

The legal aspect would be concerned with tax policies related to buying materials or other, 

employment laws and environmental regulations. So far, the project should obey to all existing 

policies and regulations and shall not break any governmental legalities.  

7. Ethical Implications:  

It is known by all that the ethics represent a set of morals and values that are made in order to 

direct operations in decision making. As student carrying this project, I am certifying the citation 

of all sources used to build up my work. Also, if the project could be realized in a future stage, 

people involved would be shared with all necessary information in a transparent manner and 

following integrity.  

VI.Conclusion 

The capstone main purpose was to investigate the efficiency of using phase change 

materials in buildings. To do so, I have conducted a thermal analysis using the software ANSYS 

to investigate results obtain during an experimental study done in Hassan II University in 
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Casablanca. The numerical results have showed to be compatible with the experimental results 

which confirms that using PCM reduces energy consumption and thus lowers CO2 emissions. 

The analysis done could be replicated for other cities with harsh weathers such as Ifrane. Also, it 

could be extended to a larger scale, taking not only the wall but the whole structure, adding 

doors, windows and why not floors.  
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