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Abstract: The envelope of buildings has remained for a long time a 

passive means of limiting heat loss or heat gain on the one hand, to 

ensure a certain air conditioning by its thermal inertia. The increase 

in peak electricity demand in recent years has stressed the 

importance of peak electricity demand shifting technologies. The 

overall objective of the project is to improve the living conditions of 

the local population. The specific objective is to set up a pilot unit 

using local building materials, with low environmental impact, 

provided with organic phase change materials also the main 

objective here is to model, quantify and optimize the impact of the 

presence of PCMs in a thermal zone subjected to the climatic 

conditions of Morocco with the ultimate goal of developing low 

energy buildings and crated the comfort zone. First, a complete 

numerical model of the thermal behavior of a zone will be developed 

using the Trnsys, with the possibility of including phase change 

materials. The achievement of this objective will allow to have 

available a customized code, fully scalable, able to calculate all the 

thermal variables of interest in a building interacting with the 

environment. Such a complex wall technology integrating PCMs 

must be properly taken into account in order to simulate the 

energetic behavior of buildings and to evaluate their impact in 

several domains (environmental, thermal behavior of buildings). 

Once the thermal characterization of the building has been 

performed. (PCMs) have a potential to improve the building 

envelope by increasing the thermal mass as well as contribute to a 

signify cant peak shift in whole building power demand. Therefore, 

special attention is given to properly capture the thermal behavior of 

PCMs in advanced building energy modeling software. Design of 

effective PCM thermal storage systems requires accurate energy 

modeling. There are analytical and numerical models developed 

during last few decades for this purpose, many have not been fully 

validated. Based on the current status of literature, the study 

identifies the limitations and drawbacks of existing methods. A 

parametric study is conducted to identify the optimum PCM thermo-

physical properties, The results show that the Mechanical solar 

ventilation with the phase change materials (PCM+MSV) reduces 

the operating temperature of the house significantly and relative 

humidity and maintain the demand energy from HVAC system. 

Indeed, the Mechanical solar ventilation has decreased its average 

operating temperature by about 2.7°C-3°C and created the fresh and 

comfort space. 

 

Keywords: Comfort, TRNSYS, Phase change material, Thermal 

energy storage, Building envelope. 

 

I)INTRODUCTION 

For several decades, low-income citizens in Moroccan cities 

have been suffering from thermal inequality, energy poverty and 

thermal comfort constraints. They are resistant to indoor 

temperatures of less than 16°C and more than 32°C, which 

causing heat stress. The most vulnerable to climate change are 

the people who live in the densest environments and whose 

resources are the most limited. The lifting of all subsidies by 

2025 in Morocco will exacerbate the energy disparity. Reducing 

energy expenditure is a major challenge in Morocco. This 

mobilisation is justified primarily by the costs associated with 

energy consumption. In fact, 10% of Morocco's gross domestic 

expenditure in 2014. Such consumption also has disastrous 

long-term environmental consequences: greenhouse gas 

emissions, depletion of natural resources, and so on resources, 

etc. Among the sources of energy consumption, Heating, 

Ventilation and Air Conditioning (HVAC) systems account for 

around 50% of total expenditure in buildings. This considerable 

proportion Can be explained in part by the wide variations in 

temperature recorded in Morocco, which make it essential to 

provide air conditioning or heating virtually at all times. 

The development of green buildings therefore inevitably 

involves optimizing the use of HVAC SYSTEMS. With this in 

mind, there is a clear difference between the use of HVAC 

systems during the day and at night. This is because during the 

day, the solar irradiation incident on the façade of a building, 

coupled with the various internal gains (occupancy density, 

lighting, etc.) result in a high demand for air conditioning. 

Conversely, at night, internal and solar gains are non-existent 

solar gains are non-existent and the outside temperature is 

lower: heating is often required. With this in mind, storing the 

excess loads emitted during the day and re-emit them at night, 

when heating is required, is an ideal solution for increasing 

energy efficiency. This is because less heat would then have to 

be supplied and extracted by the HVAC system. Most of the 

materials used in buildings have either a relatively low thermal 

mass or a high structural mass., such as concrete. The addition 

of thermal inertia is therefore necessary, but is accompanied by 

disadvantages and restrictions in terms of structural design, 

aesthetics and ecology. But there is a type of material that 

combining high thermal inertia with excellent specific 

properties, which is taking an increasingly prominent place in 

the design of new buildings integrate the Phase change materials 

(PCMs). The high thermal inertia of these materials comes from 

their ability to change phase at a temperature that can be 

adjusted by the user. In fact, the absorbed during the melting of 

the PCM is stored in the material, then released at the desired 

moment when the PCM solidifies. when the PCM solidifies 

through an exothermic process. Depending on the properties of 

the thermal zone in which the material is located, it is therefore 

possible to integrate PCMs and optimise their parameters with 

the aim of advantageously dephasing the peaks of consumption 

peaks and, by the same token, significantly reduce the use of the 
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HVAC system. Consequently, the integration of 

 in the envelopes of new buildings or buildings undergoing 

renovation would help to reduce the energy bill in the Moroccan 

building sector. For a long time, the envelope of traditional 

buildings was a passive means of limiting heat loss and heat 

gain, and of providing a certain amount of cooling due to its 

thermal inertia. 

on the one hand, to limit heat loss or heat gain and, on the other, 

to provide a degree of air conditioning thanks to its thermal 

inertia. The thermal energy stored in the walls during hot 

periods is released during cold periods. In today's buildings, 

particularly in the commercial sector, efforts are being made to 

reduce the thickness of the walls to cut costs, while at the same 

time standards to limit heat loss. However, such structures do 

not provide sufficient thermal inertia to absorb fluctuations in 

outside temperature. One way of reducing a building's energy 

requirements of a building is to design an energy-efficient 

envelope that limits heat loss and recovers as much passive heat 

as possible and passive solar gain as much as possible. To 

achieve these objectives, there are a number of basic principles, 

the most important of which are insulation, thermal inertia and 

the use of solar gain. As far as thermal inertia is concerned, the 

use of PCMs in the walls themselves allows latent heat storage 

to be substituted for sensible heat storage, latent heat, which 

requires much less volume and mass for the same amount of 

thermal energy. 

One of the key objectives of research into low-energy buildings 

is to find a way of managing the time differences between 

energy sources and energy consumption. The main objective 

here is to model, quantify and optimise the impact of the 

presence of PCMs in a thermal zone climatic conditions in 

Morocco, with the ultimate aim of developing low-energy 

buildings. 

This result will be delivered in the form of energy efficiency 

gains by reducing energy consumption in heating and air-

conditioning systems, ventilation and in the form of a reduction 

in the energy consumption of buildings equipements, and in the 

form of improved thermal comfort. The use of bio-sourced 

materials will provide a sustainable gain that respect the 

environment. The economic spin-offs will be significant for 

low- and medium-income citizens, and through the creation of 

new jobs and businesses associated with this sector. In terms of 

research, the project will make it possible to assess the potential 

of phase-change materials. It will provide scientific data on the 

merits of integrating these materials and their impact on the 

thermal comfort of buildings. The impact on the stability of 

daily temperature fluctuation inside the building is a win-win 

scenario for energy efficiency in buildings and for the 

environment. 

The results will provide a better understanding of the 

adaptability of phase change materials to Mediterranean 

climatic zones. They will also shed light on the influence of 

climatic conditions on the stability of PCMs. This study will 

serve as a framework for the design of composite walls 

incorporating PCMs for passive buildings in various climates. 

These phase change materials are often used to store energy to 

overcome times of mismatch between thermal supply and 

demand in a building, such as storing solar thermal energy for 

space heating in the evening. The lifting of all energy subsidies 

by 2025 in Morocco will exacerbate the energy disparity. 

Reducing energy costs is a major challenge in Morocco. This 

mobilization is justified primarily by the costs associated with 

energy consumption. Indeed, 10% of Moroccan gross domestic 

expenditure in 2014 was dedicated to energy expenditure. In 

addition, such consumption has disastrous environmental 

consequences in the long term: greenhouse gas emissions, 

depletion of natural resources, etc. Among the sources of energy 

consumption, heating and air conditioning systems represent 

about 50% of the total expenditure in buildings. This 

considerable proportion can be explained in part by the great 

temperature variations recorded in Morocco, which make the 

contribution of air-conditioning or heating indispensable almost 

at all times. The development of the green buildings passes thus 

inevitably by an optimization of the use of the systems Heating 

and air conditioning. In this perspective, a clear difference 

between the use of systems during the day and during the night 

has been observed. In fact, during the day, the solar irradiation 

incident on the facade of a building coupled with the various 

internal gains (occupancy density, lighting, etc.) density, 

lighting, etc.), cause a high demand for air conditioning. 

Conversely, during the night, the internal and solar gains are 

solar gains are non-existent and the outside temperature is 

lower: heating is often required. From this point of view, storing 

the excess loads emitted during the day and re-emitting them 

during the night when heating is required is an ideal solution for 

increasing energy efficiency. Indeed, less heat Most materials 

used in buildings have either a relatively low thermal mass or a 

high structural mass, which means that they can be used in a 

variety of ways. or a high structural mass, such as concrete. The 

provision of thermal inertia is therefore necessary, but is 

accompanied by disadvantages and restrictions in terms of 

structural design, aesthetics and ecology. However, there is a 

type of high thermal inertia and excellent specific properties, 

which is becoming more and more important in the design of 

new phase change materials (PCMs). The high thermal inertia 

of these materials stems from their ability to change phase at a 

user-adjustable temperature. Depending on the properties of the 

thermal zone where we are, it is therefore possible to integrate 

PCMs and to optimize their parameters in order to favorably 

dephase the energy consumption peaks and energy consumption 

and, by the same token, significantly reduce the use of the 

heating and air conditioning system. Consequently, the 

integration of PCM in the envelopes of new buildings or in 

renovation would contribute to reduce the energy bill in the 

building sector in building sector in Morocco. The envelope of 

traditional buildings has remained for a long time a passive 

means to limit heat loss or heat input and to ensure a certain air 

conditioning by its thermal inertia. Indeed, the thermal energy 

stored in the walls during the hot periods is restored during the 

cold periods. One of the key objectives of the research on low 

energy buildings is to find a way to manage the time differences 

between energy sources and energy consumption. The main 

objective here is to model, quantify and optimize the impact of 

the presence of PCMs in a thermal zone conditions of Morocco 

with the ultimate goal of developing low energy consumption 

buildings. energy consumption. First, a complete numerical 

model of the thermal behavior of a zone will be developed using 

the simulation tool Trnsys, with the possibility of including 
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phase change materials. The achievement of this objective will 

allow to have at disposal a customized code, fully scalable, able 

to calculate all the thermal variables of interest in a building in 

interaction of interest in a building in interaction with the 

environment. Such a complex wall technology integrating PCM 

must be properly taken into account in order to simulate the 

energy behavior of buildings and to evaluate their impact in 

several domains (environmental, thermal behavior of buildings, 

etc.) Once the thermal characterization of the building has been 

completed, the second specific objective will be to process all of 

the data obtained in order to measure the impact of the presence 

of CAMs from several perspectives. On the one hand, the 

average temperature will be examined after integration of the 

PCMs in a zone. The simulation of a PCM is supported by type 

204. The simulations are performed for different indoor 

convective heat transfer coefficients (h-value) [1], where the h-

value increases from 0.5 to 10 W / m².K. The simulation[10], 

results show that the heating energy demand increases when the 

h-value increases, but the cooling load decreases slightly. 

Bontemps and al[3], showed the new PCM module was 

validated with experimental. The results showed that, during the 

summer, there is a reduction of 2°C in indoor temperature for 

the room with PCM walls compared to the room without PCM 

walls. It was also shown that, in winter, the thermal discharge 

for the wall with PCM in the interior temperature drops to -9°C. 

Xu et Zhang [2] further investigated the effect of various 

parameters such as, melting temperature, the heat of fusion and 

thermal conductivity of PCM on the thermal performance of the 

building. They found that the heat of fusion and thermal 

conductivity of PCM should be greater than 120 kJ / kg and 0.5 

W /(mK) a large number of numerical studies, which have been 

recently performed in different countries, helped in better 

understanding of the physics behind the PCM-enhanced 

building products and their potential energy performance. For 

decades, different types of PCM-enhanced building boards and 

plasters have been the most popular objects of computer 

simulations. Earliest numerical studies started during the late 

1970and had been continued till the1990s. They were mainly 

focused on gypsum wallboards impregnated with paraffin 

(Solomon 1979[4]; Tomlinson and Heberle 1990[5]; Kedl 

1990[6]; Stovall and Tomlinson 1995[7];Kissock et al. 

1998[8]). A combined experimental–numerical work was 

performed by Athienitis and al. (1997) [9], who conducted 

extensive field testing followed by one-dimensional numerical 

analysis of a full-scale outdoor test hut with PCM-enhanced 

gypsum board installed as an inside wall sheathing. In more 

recent projects, PCM wallboards and plasters containing 

microencapsulated PCMs (Hawlander and al.2002[10]; Darkwa 

and Callaghan (2005) [11], Schossig and al. 2005[12]; Kendrick 

and Walliman2007[13]) have been studied. In addition, the 

thermal performance of shape-stabilized PCM board products 

has been analyzed using numerical methods (Kuznik and al. 

2007[14]; Virgonet and al.2009[15]; Constantinescu and 

al.2013[16]). Due to flammability concerns about paraffinic 

PCMs, a number of numerical models have been utilized 

recently to analyze the thermal performance of boards and 

insulation products thermally enhanced with bio-based 

alternatives kinds to paraffin(Rozanna and al.2005[17]; Riza 

2007[18]; Kośny and al. 2009c; [19] Dhanusiya and Rajakumar 

2013[20]). 

 

PCMs can store energy in two forms, latent heat and sensible 

heat. The magnitude and the rate of latent heat absorbed and 

released depends on material properties [20].  

 

Therefore, the advantage of using PCMs lies in the amount of 

latent heat a small amount of PCM can store under different 

storage techniques compared to that in a sensible heat storage 

material of the same volume. For an instance, a 25 mm thick 

PCM layer can hold same amount of energy as a 420 mm 

concrete wall as long as the PCM layer changes phase [21]. 

Therefore, PCMs can shift peak time periods based on the latent 

heat capacity, and other physical parameters related to the 

application of PCMs. 

 

different thermo-physical characteristics while they co-exist 

within the enclosure. Enclosure/encapsulation is how the PCM 

is packed in the particular application. During the phase 

transition of the PCMs, the liquid state and the solid state are 

separated by a moving interface. Considering the basic physics, 

the energy and mass balances should be satisfied in either side 

of this moving boundary which makes it difficult to model. 

Either side of this moving boundary is also called two phase/ 

“mushy” region. The enthalpy change which occurs across this 

region is quite complex and dependent upon the material 

properties of the PCMs such as the latent heat, expansion 

coefficient, melting range and rate of heat transfer [21]. 

Latent heat of the PCMs defines the heat storage 

capability of the PCMs. When compared with other building 

envelope materials like stone, wood, brick and gypsum, PCMs 

present more attractive thermal storage characteristics. To 

indicate the importance of the latent heat, Zhang et al. [24] 

discuss how in order to keep the indoor air in the comfort range 

for a longer period without heating or cooling load, the heat of 

fusion of a PCM should be high enough to keep the inner 

surface of the wall at the melting temperature. This refers to 

having high latent heat next to the inner surface of the wall so 

the PCM are not fully melted nor frozen. Furthermore, the latent 

heat capacity of the material determines the weight/volume 

fraction of the PCMs required for the optimum performance of 

the building envelope. 

Melting temperature of the PCM is another important 

property. Melting temperature is usually selected to fall within 

the comfort range of the occupants and are researched in the 

existing standards [36]. The exact value of the optimum melting 

temperature required depends on the building, climate, and the 

application [35]. Furthermore, a study of a PCM wall in a 

passive solar house indicates that heat storage occurs with a 

melting temperature of 1-3 ˚C above the average room 

temperature [37]. This section discusses these attractive 

characteristics of PCM in detail. 

- 

Figure 1 shows the temperature-enthalpy curve of a Bio based 

PCM comprising of fatty acids, fatty alcohols, esters, 

emulsifiers, and thickening/ gelling agents. PCMs used in 

building applications are usually not pure substances and 

therefore indicate a melting temperature range. The red shaded 

area shows the melting temperature range of the material 
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approximated by the author using the starting point and the end 

point of the melting. This temperature interval is also referred to 

as the “mushy” region of melting.  

1a shows microencapsulated PCMs embedded in 

drywall. This drywall is available in 1.2m x 1.2 m (4ft x 4ft) 

PCM panels. Figure 2-1b shows the shape stabilized PCMs in 

thin aluminum foil.  
 

 

Figure 1 Different PCM encapsulation types: (a) microencapsulated PCMs 
embedded in drywall, (b) Shape-stabilized PCMs: thin PCM layers enclosed 

between aluminum foil sheets, and (c) Macroencapsulated PCMs: PCMs 

enclosed in pouches. Figure shows the dimensions of 

the single PCM included unit and the commercially available dimensions.  

 
Thermal characteristics and properties of PCMs 

 
Figure 2.Enthalpy variation across the mushy region and deviation observed in 

PCMs used in building applications (Real PCM) in contrast to an ideal PCM. 

Graph shows the melting temperature range, melting latent heat, and melting 

sensible heat of the PCM.  

The total enthalpy difference during the phase change comprises 

of the sensible heat and the latent heat. The sensible heat 

calculation for each phase is defined in the equation 2-1. 

Tm,low is low bound of the melting temperature range and then 

Tm,high is the higher bound of the melting temperature  

range. 𝑞 =  𝑐𝑠, 𝑃𝐶𝑀𝛥𝑇, 𝑇 ≤  𝑇𝑚, 𝑙𝑜𝑤 𝑞 =  𝑐𝑙, 𝑃𝐶𝑀𝛥𝑇, £ 𝑇 ≥
 𝑇𝑚, ℎ𝑖𝑔ℎ. 

 

Figure 2.1 shows the sensible heat and latent heat contributions 

to the enthalpy change during the melting process for the Bio-

based PCM in Figure 2-2. The cream color shared enthalpy 

difference is the melting latent heat and green color shaded 

enthalpy difference is the sensible heat. Phase separation of the 

material Phase separation of the material takes place within this 

“mushy” region of phase change. This phenomenon usually 

occurs when there is more than one constituent in the substance, 

which is common practice in commercial PCMs. Kosny [21] 

discusses how the melting/solidifying temperature of each 

component might also be influenced by the composition of each 

constituent of the mixture. 

 

Subcooling/supercooling effect and Hysteresis 
Hysteresis PCMs are categorized as real hysteresis and apparent 

hysteresis. Real hysteresis occurs due to material properties and 

apparent hysteresis is independent of the material properties. The 

most common form of real hysteresis is Subcooling. Many 

PCMs do not freeze at the melting temperature and start 

crystallization only after a temperature below the nominal 

melting temperature. Solidification/ freezing of the PCM 

happens where the solid phase grows with the liquid layer at the 

interface. As the temperature decreases this interface should 

occur at a certain point. At the initiation, there is no or only a 

small solid particle. This solid particle is also called the nucleus. 

At the surface of the nucleus there occurs an instance where 

energy released by crystallization at the surface is lesser than 

that of surface energy gained. This energy flow barrier exists 

until the nucleus grow satisfactorily.  

 

Figure 3. Enhanced view of different PCM enthalpy curve combinations 

showing hysteresis (a)  

Subcooling effect and freezing temperature curve comes back and overlay on the 

melting curve, 

(a) subcooling causing separate curves for melting and 
freezing (c) hysteresis due to slow latent heat release, (d) 

apparent hysteresis due to non-isothermal conditions in 

measurements (Enthalpydata available at [53] and the curve 

concept inspired by [54]). 

(b)  

(c) If this nucleation is delayed to occur with the temperature 

decreases below the melting point the Subcooling occurs. Real 

hysteresis can occur as a result of slow latent heat release. 

Mehling and Cabeza [26] discusses the reason for the slow heat 

release being slow formation of the crystal lattice or diffusion 

processes are necessary to homogenize the sample. The 

temperature of the sample then drops below the cooling heating 

temperature. This is not observed in the melting process since 

the kinetics process occurs much faster [52]. These conditions 

can separate melting and freezing curve and is shown in Figure 3-

4c.Apparent hysteresis occurs due to non-isothermal conditions 

at measurement for the characterization. This can be caused by 

the heating rates used in the characterization in melting if high 

heating rates. If the heating rates are high thermal equilibrium of 

the specimen could not be reached and the melting curve could 

be pushed further right in the graph and fro freezing curve it 

could be pushed to further left. This could cause curves shown 

in Figure 3-4d. Careful calibration of the instrumentation can 

minimize the effects of the apparent hysteresis which occurs due 

to the instrumentation in methods of characterization.  

The magnitude of the separation of the curves can depend on the 

heating rates used, sample size used in the tests, and the data 

acquisition steps used. All four curves in Figure 3-4 shows 

effects of hysteresis while only Figure 3-4a and Figure 3-4b 

showing Subcooling effect. 

 

II )METHODOLOGY: MODELING PCMS IN BUILDING 

ENVELOPE 
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The overall objective of the project is to improve the living 

conditions of the local population, through welfare and the fight 

against poverty and social inequalities. 

The specific objective is to set up a pilot unit using local 

building materials, with low environmental impact, provided 

with with organic phase change materials in order to study the 

improvement of the energy efficiency of residential and tertiary 

buildings. 

 The valorization of local materials represents a priority for this 

project. Clay bricks are the basic matrix in which organic PCMs 

developed from bio based materials will be incorporated from 

biosourced materials. One of the tracks considered is the use of 

PCMs in the form of fatty acids extracted from the 

transformation of the olive into oil, allowing the valorization 

and the treatment of these wastes and therefore the protection of 

the environment.The research work will bring innovation, 

through the combination of local materials and bio sourced 

PCM, and will allow the companies of the building materials to 

develop by making evolve their products. Indeed, the analysis of 

the environmental performance and economic feasibility of 

these materials is an important new field of scientific research. 

The benefits, the energy consumption and the environmental 

indicator for all stages of the life cycle of the PCM must be 

evaluated in detail to configure an appropriate energy balance 

perspective of the material life cycle. Our research strategy aims 

to examine in detail the topic of PCM use as thermal energy 

storage materials for the building sector. The aim will therefore 

be to verify the feasibility and technical performance of PCM as 

a new way to stabilize the air temperature inside buildings. The 

study includes a modelling and numerical simulation and an 

experimental part. 

 

      Fig.4. The multi-zone building of Trnsys. 

  Mathematical Description: 

hback > 30 kJ / (h m² K) => 1 W 30 ≥ hback >0.005 => 1/α = 

0.13 m² K / W 0.005 ≥ hback => 1/α = 0 m² K / W hfront => 1/α 

= 0.13 m² K / W If the ntypes 27 and 46 are used in short term 

calculations, large errors in the energy balances of the building 

may occur due to the neglect of internal energy changes within 

massive walls. hk is the enthalpy of the layer k. For non-phase 

change building materials, partial derivative of enthalpy is given 

by 𝝏𝒉𝒌 /𝝏𝒕 =  𝑪𝒌 ∗  (𝝏𝑻/ 𝝏𝒕 )               With the heat capacity 

Ck that remains constant. For the PCM material, the following 

formulation is   𝝏𝒉𝑷𝑪𝑴 /𝝏𝒕 = ( 𝝏𝒉𝑷𝑪𝑴/ 𝝏𝑻)  ∗ (𝝏𝑻/ 𝝏𝒕)  =
 𝑪𝑷𝑪𝑴 (𝑻) (𝝏𝑻/ 𝝏𝒕)  

With cpcm (T) the analytical expression of the effective heat 

capacity.The heat flux φ (phi) is the amount of energy or heat 

passing through 1m2 of wall during one second when there is a 

temperature difference between its 2 sides. It is expressed in 

W/m2   

 𝝋 =  
𝝀 ∆𝑻

𝒆
  With λ the thermal conductivity; ∆T the 

temperature difference and e the thickness of the wall. 

The amount of heat escaping from a simple wall decreases: 

when the thermal conductivity decreases, when the temperature 

difference between the 2 faces of the wall decreases and when 

the thickness of the wall increases. 

Presentation the energy balance :This Balance shows the 

detailed energy balance of a surface. BAL_ENERGY_Surf =
 − DQwalldt −  QCOMI +  QCOMO +  QT_RGain_i +
QT_Rgain_o − QT_AL [kJ/hr]. 

 BAL_ENERGY_Surf energy balance for a surface should be 

always 0. DQwalldt: change of internal energy of surface.  

 QCOMI :combined heat flux to inside (going into zone+; going 

into wall -).  

QCOMO :combined heat flux to outside (going to outside-; 

going into wall +). 

QT_RGain_i :Total radiative gains for inner surface node 

(including solar gains, rad. internal gains wallgains and rad. In 

each layer k composing the wall, the heat equation is: 

   𝝆𝒌 (𝝏𝒉𝒌/ 𝝏𝒕 ) =  − (𝝏 /𝝏𝒙 ( 𝝀𝒌 ∗ (𝝏𝑻/ 𝝏𝒙))     

The detailed results were generated directly from the 

DesignBuilder software used for the Dynamic Thermal 

Simulation recognized a house (occupied by 4 people) is located 

in (CASABLANCA NOUASSEUR). Its total area is 110 m2 

and it rises on: a basement, a first floor and the main facade is 

oriented to the south. Heating and cooling systems control 

internal temperatures to meet the setpoint temperatures specified 

on the Activity tab. These setpoint temperatures can be 

interpreted as air, operative or some other radiant fraction and 

DesignBuilder provides corresponding options to allow HVAC 

systems to be controlled by: • 1-Air temperature - control the 

zone mean air temperatures to the heating and cooling setpoint 

temperatures specified on the Activity tab. • 2-Operative 

temperature - control the room temperature using 0.5 radiant 

fraction. This equation works because the temperature of the air 

in the zone can safely be assumed to be the zone cooling set 

point and so there is fixed difference in temperature between 

zone air and supply air. Calculating the design supply cooling 

airflow rate in this way does not work for operative temperature 

control because the air temperatures in the space are often much 

lower than the zone cooling setpoint temperature and sometimes 

in zones having very high radiant temperatures, the air 

temperature in the zone approaches the supply air temperature. 

In other words the difference in temperature between zone air 

and supply air in the simulated system becomes very low and 

therefore very large airflow rates are required to meet cooling 

loads. So in order to account for this DesignBuilder assumes a 

Delta T of 1K in the above calculation when operative 

temperature control is in use    When the regular wall with pcm 

on if γo = 1 If γι = 1 and ∆tL > (th-tl),  γo = 0 γi              γi = 0 

and ∆th ≤ (th - tl), γo = 1 

 The heating and air conditioning (on/off ) Temperature 

𝒕𝒉𝟏′ =  𝒕𝒉𝟏 + ( 𝜸𝟏 ·  ∆𝑻𝒅𝒃) – ( 𝜸𝒔𝒆𝒕 ·
 ∆𝑻𝒔𝒆𝒕     𝟐 𝒉𝒆𝒂𝒕 𝒔𝒐𝒖𝒓𝒄𝒆 𝒕𝒉𝒍𝟐′ =  𝒕𝒉𝟐 +  𝜸𝟐 ·
( ∆𝑻𝒅𝒃 – (𝜸𝒔𝒆𝒕 ·  ∆𝑻𝒔𝒆𝒕)). 
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Conditioning source 𝒕𝒄′ =  𝒕𝒄 – ( 𝜸𝟑 · ∆𝑻𝒅𝒃). And ySet [any] 

Setpoint for the controlled variable. 

  
 Fig.5. Mode 1 (parallel auxiliary). 

 

Fig.6. 3D outlook zone 

  𝝆
 𝒄𝒊  ∆𝒙

𝒏

∆𝒕
(𝑻𝒊
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𝒏 )

= 𝑻𝒊−𝟏
𝒏+𝟏(

𝟏

∆𝒙
𝟐𝝀𝒊−𝟏

𝒏 +
∆𝒙

𝟐𝝀𝒊
𝒏

) + 𝑻𝒊
𝒏+𝟏(

𝟏

∆𝒙
𝟐𝝀𝒊−𝟏

𝒏 +
∆𝒙

𝟐𝝀𝒊
𝒏

−
𝟏

∆𝒙
𝟐𝝀𝒊

𝒏 +
∆𝒙

𝟐𝝀𝒊+𝟏
𝒏

 )  + 𝑻𝒊+𝟏
𝒏+𝟏(

𝟏

∆𝒙
𝟐𝝀𝒊

𝒏 +
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𝒏

)    

Thermal inertia in TRNSYS 

Type 56 assumes by default that a thermal zone contains only 

air, which is not always true. Internal walls and furniture usually 

have a thermal inertia to consider. This assumption taken by 

default by TRNSYS leads to consider that the thermal capacity 

of a thermal zone within the building is automatically set to a 

default value of 1.2 multiplied by the volume of the zone in 

question (TRNSYS ). This value is taken into consideration 

since the approximate value of the heat capacity of air under 

standard conditions is 1kJ.kg-1.K-1 and the approximate value 

of the density of air is 1.2 kg.m-3. To avoid this default 

assumption, the thermal inertia of the internal walls for each of 

the thermal zones was calculated using the equation while for 

that of the furniture, the value of 20 kJ.K-1.m-² was taken into 

consideration according to the Thermal Regulation (RT 2012) 

𝑰𝒏 =  𝝆. 𝑪𝒑. 
 

    Table N°1°. Thermophysical properties of materils Source (TRNSYS °) 

 

 

Figure 7.TRNSYS interface of building energy modeling. 

 

 
 

Figure 8. Different scales of building energy modeling 

 

 
 

 Considered in the current study are at building scale, envelope scale. The PCM 
modeling algorithm incorporates PCM characteristics in the envelope modeling 

algorithm. 

 III )Results and discussion 

 
Fig.9. The external temperature in CASABLANCA. 

 
Fig10.Annual evolution of the external and internal temperature without and 

with pcm.  
Fig.11. The external and internal temperature without and withpcm in summer. 

 

The high thermal inertia of these materials stems from their 

ability to change phase at a user-adjustable temperature. This is 

because the large amount of latent energy absorbed when the 

PCM melts is stored in the material and then released when the 

PCM solidifies using an exothermic process. Depending on the 

properties of the thermal zone in question, it is therefore 

possible to integrate PCMs and optimise their parameters with 

the aim of advantageously dephasing energy consumption peaks 

and, by the same token, significantly reducing the use of the 

CVA system. Consequently, integrating these PCMs into the 

envelopes of new buildings or those undergoing renovation 

would help to reduce the energy bill in Morocco's construction 

sector. 

Figure 12 show the minimum and maximum magnitude of the 

internal ambient temperature without phase change materials 

and with phase change materials and external temperature. The 

building envelope with phase change materials debilitate the 

temperature of 3.19 °C in comparison to the building without 

pcm. The pcm phase change materials can attenuate the internal 

 
 Materials 

Tickness 
(cm) 

De
ns
ity 

Resistanc
e (mk/w) 

 Heat 
capaci
ty 
J/kg·K 

Heat 
conductivit
y W/(m·K) 

Brick layer 25 18
00 

 0.337 1000  0.88 

Air gap 4 10
00 

 0.278 1200  0.09 

Brick layer 7 18
00 

 0.07 1000  0.88 

PCM layer 5 85
0 

 0.106 2200  0.47 
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temperature to 11.4% of thermal debilitate reduction. The 

employment of phase changematerial increases the internal 

temperature of the building envelope.So the internal 

temperature in the building envelope has inferior to than the 

ambient temperature extern, which is close by the restrict of 

thermal comfort space 

.  

 
Fig.12. Comparison of the air temperature without and with PCM. 
 

 
  Fig.13. The internal temperature with pcm1.2.3. 

Figs. 13. shows the comparison about the internal wall ambient 

temperature during charging and discharging withotand with 

pcm 1.2.3 in summer, the results obtained in the indoor wall 

temperature of PCM 1 25.7°C and PCM2 26.4°C,PCM 3, 

26.68°C and without PCM is 28.08 °C and a maximum peak 

temperature of 2.4 °C. 

The Simulations compare the ambient temperature for three 

wall scenarios with different locations of the MCP layer, the 

internal, the middle and the external. The internal ambient 

temperature with MCP1 is 25.8°C and MCP2 26.3°C, MCP3 

26.62°C, on the other hand wall 1 is the greatest control of 

internal thermal comfort and humidity, great hours for phase 

change temperature and energy saving, wall 1 effectively 

behaved as a heat store during the summer. In conclusion, the 

PCM placed in the inner part of the envelope prevents the best 

heat flow from the inside (all the heat is stored in the PCM layer 

for the melting process latent heat with a high capacity and 

thermal inertia. 

The effect of PCM density: 

 
Fig. 14 Presentation of the pcm density in sum 

 

er. 

Fig.15.Evolution of pcm thickness parameter 

Figure 14present the density of pcm in summer; so when the 

density parameter is increased,the internal ambient temperature 

with pcm decreases if the temperature increases, the molecules 

of the fluid move apart and the density decrease if the 

temperature decreases, the opposite occurs. So the pcm can 

storage more energy and the integration the pcm into the 

building envelope can storage more the energy and minimize 

the heating and cooling consumption. 

Fig.15.Present the growth up of pcm parameter thickness wall in 

winter,when we growth up the thickness of the wall with PCM 

the internal ambient temperature also graduate so this condition 

is good in winter, not in summer so we take the optimum 

thickness of PCM between 0.01 m and 0.05m. 

Relative humidity (RH): The results conveyed that the 

building with phase air gap and phasechange materials not only 

had the reaction on the heat flow transfer and temperature and 

exchange transfer convection,conduction and radiative transfer 

in the wall, but also had reaction on the ratio relative humidity 

and moisture transfer in the wall. The apex relative ratio 

humidity and the moisture flux of the wall with phase change 

materials were both small. Compared with external relative ratio 

humidity and the relativeratio humidity of the wall without 

phase change materials. The reduction of the relative humidity 

of the pcm wall is 28.6 % with the external relative ratio 

humidity and the relative humidity percentage range of the wall 

without pcm was 13 %. Although the apex diminution of the 

relative humidity was small, it is concluded that the risk of 

crystallization, condensation and infiltration of the wall could be 

diminish. 

 

Fig. 16. Evolution of the external RH and internal relative humidity with and 

without PCM. 

                  Fig.17. The "PMV" index simulated during one year with PCM 

 Thermal comfort: 

The "PMV" index)gives the average vote of the individuals 

surveyed which indicates opinions on their average thermal 

sensations according to the ASHRAE scale1 which varies from 

(-3) to (+3) where each number expresses a thermal sensation. 

 
  Fig. 18. Annal consumption of heating and cooling equipement. 

Figure18 summarize the annual heating and air conditioning 

loads.The total thermal and electrical energy cnsumption for 

heating and air conditioning equipments shows that the building 

with PCM minimize the energy for the tow loads compared to a 

building without PCM, the energy need for the PCM wall is 

1125KJ and without PCM 1348KJ difference of 226 KJ. SO the 

building envelope with phase changematerials maintain the 

thermal and electrical energy consumption17%. The energy 

consumption with pcm in August was 33 Kwh and without 

pcm51 Kwh. The some results convey that the presence of the 

phase change material in the building envelope maintain the 

annual consumption and demand for heating and cooling and 

achieved energy savings by diminishing the cold period 

retaining the heat solar charging during the phase change can 

storage the solar energy and heat transfer and minimize the 

period of air conditioning maximally avoiding overheating due 

to solar gains and internal gains and control the heat flux and 
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thermal comfort in the interior wall for the building envelope. 

The annual needs for consumption air conditioning and heating 

are according to the NOUSSEUR climate zone 1 (AGADIR), 

these annual needs are 25 kWh/m²/year for residential buildings 

[RTCM, 2014]. The results clearly convey that the charge needs 

are about 13.31 kWh/m²/year. These percentage needs represent 

48.76% of the needs set by the MOROCCAN regulation ( 

RTCM.2014.). 

 

Convective heat flow: 

 
 Fig. 19. Evolution of convective heat flow without and with PCM in summer. 

 

The comparison of the convective solar heat flow asserts that 

the phase change materials has a effect influence on the 

reduction ofenergy solar heat gains transmitted in the interior of 

the building envelope, which directly affects the heat transfer 

convection conduction and radiative transfers, the air 

temperature variations and the thermal comfort and the relative 

humidity of the building as well as its improving the energy 

performance. 

The improvement of the wall through the reduction of the 

thermal transmission also influences in a positive way the 

internal ambient temperature, the creation of thermal comfort 

inside the building and present the best inertia for the all wall 

the building envelope. 

Fig. 20 shows the results of the growth of the internal surface 

temperature without and with pcm phasechange materials in 

summer and the outside surface temperature without and with 

phase change materials. The internal surface temperature of 

phase change materials is 23°C and without pcm 25.3 ° C, 

within a fluctuation range of 2.06 °C. The outside surface 

temperature of phase change materials is 29°C and without 

PCM 34.42 °C within a fluctuation range of 5.36 °C.so the 

phase change materials acts the control for the external and 

intern surface temperature and thermal and electrical energy and 

thermal and fresh comfort zone.  

Fig. 20. Growth rate of the external and internal surface temperature with and 

without phase change materials. 

 

  Fig. 21 Growh rate the internal ambient air temperature with PCM in energy 

plus and TRNSYS.  

 Figure 21 present the growth rate of the ambient temperature 

and relative ratio humidity of the two software TRNSYS and 

Energy plus. The results of the simulation similar in the 

regalement RTCM ;so it is according to a comfort interval 

(19°C to 26°C).The difference of the ambient internal air 

temperature is 2.6°C and 17 % the difference about relative 

ratio humidity.So the difference between TRNSYS and Energy 

plus conclude that TRNSYS is it, expert software for dynamic 

temperature and thermal ans electrical energy simulation.  

• EnergyPlus: Tool developed by Department of Energythat has a 

finite difference algorithm (CondFD) method coupled with an 

enthalpy temperature function to simulate PCM that has been 

verified and validated  

• - 

V)CONCLUSION 

The application the composite phase change materials (PCM) 

into the building envelope results in an increase in the electrical 

and thermal energy storage capacity, providing an effective and 

reliable means of improving the energy efficiency of buildings. 

It is concluded that composites incorporatingphase change 

materials are capable of diminish the thermal and electrical 

energy costs, about air conditioning and heating demands of the 

building. Also we can contribute to diminish the CO2 emissions 

associated withair conditioning and heating equipment. The 

thermal and electrical energy performance of a building located 

in (CASABLANCA NOUASSEUR) were addressed. First, a 

dynamic thermal simulation of the building using TRNSYS 

TYPE 204 software was according and its results were 

successfully validated against the experimental results obtained 

from the monitoring. In this study, the effects of the location of 

the incorporating the phase change materials on the thermal and 

electrical performance of the multi-layer wall3D is studied 

numerically under the climatic conditions of (CASABLANCA 

NOUASSEUR). The simulation also convey that the use of 

phase change materials in brick walls diminish overheating in 

the summer period, losing the ambient indoor air temperature by 

3.4°C in summer, require the annual percentage about the 

electrical and internal energy for heating and air conditioning by 

31%. These percentage needs represent 48.76% of the needs set 

by the MOROCCAN regulation ( RTCM.2014.). So the total 

results convey that the presence of the phase change material in 

the building envelope maintain the annual consumption and 

demand for heating and cooling and achieved energy savings by 

diminishing the cold period retaining the heat solar charging 

during the phase change can storage the solar energy and heat 

transfer and minimize the period of air conditioning maximally 

avoiding overheating due to solar gains and internal gains and 

control the heat flux and thermal comfort in the interior wall.In 

summer, a high thermal capacity prevents the indoor air 

temperature from rising, minimizes the cooling load or 

eliminates it altogether and minimizes the investment costs of 

the necessary cooling equipment. It is concluded that the 

efficiency of the PCM can be improved if the building can be 

properly ventilated so for that in the next article we will deal 

with the integration of mechanic solar ventilation with the phase 

change material to increase the thermal and electrical energy 

and created the comfort and fresh zone and attenuate the 

performance energy to achieve a positive building+ 
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