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 In recent years, the building sector's energy consumption in Morocco has 

been steadily increasing, highlighting the urgent need for sustainable 

building practices. Optimizing building parameters and the development of 

new insulation materials have become critical areas of research due to the 

significant energy losses associated with traditional insulation materials. 

Insulation materials can be a simple and cost-effective way to improve 

building energy efficiency and reduce environmental impact. Unfortunately, 

not all of these materials exhibit favorable thermal characteristics such as 

conductivity or heat capacity. Some involve complex production processes, 

while others are prohibitively expensive or toxic. At this juncture, the 

strategy of integrating ecological materials with insulation materials to 

enhance thermal performance holds considerable promise. This paper 

investigates the impact of the integration of poncebloc and hemp wool in 

inside temperature and annual consumption of a building construction 

numerically under a transient simulation program (TRNSYS). The results 

show that by using these two materials along with double-glazed windows, 

energy savings ranging from 50-55% can be achieved. 
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1. INTRODUCTION 

The building sector is a significant contributor to energy consumption, accounting for approximately 

40% of the global energy demand. In Morocco, the building sector's energy consumption has been increasing 

steadily in recent years, posing a significant challenge to the country's energy security and sustainability. As 

a result, there is an urgent need for sustainable building practices that can mitigate the environmental impact 

and improve energy efficiency. One critical aspect of sustainable building practices is optimizing building 

parameters and developing new insulation materials. Traditional insulation materials, such as mineral wool, 

have significant energy losses, making them inefficient and costly in the long term. Therefore, there is a 

growing interest in developing new insulation materials that can improve building energy efficiency and 

reduce environmental impact. Building insulation stands as one of the readily accessible and efficient means 

to conserve energy in our present time. Its versatility extends across various domains, encompassing 

residential, commercial, and industrial sectors, thereby presenting a myriad of applications [1]. Insulation 

materials offer a straightforward and cost-effective method to enhance building energy efficiency [2] while 

concurrently reducing greenhouse gas emissions. A promising solution to achieve these goals involves 

https://creativecommons.org/licenses/by-sa/4.0/
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integrating traditional insulation materials such as rock wool, natural insulations like cork or other natural 

fibers, or incorporating new materials derived from industrial processes such as expanded or extruded 

polystyrene and polyurethane. 

Numerous studies investigated the thermal effect of these materials [3]–[7] and studied the influence 

of various building parameters on energy consumption. One noteworthy research conducted by Pescari et al. 

[8] focuses on the significance of enhancing the building envelope as an effective means of reducing energy 

consumption. Another study by Lafqir et al. [9] explores the impact of the building envelope in different 

climate zones of Morocco. Their findings demonstrate that the utilization of insulation materials can lead to a 

substantial decrease in the building's thermal load, reaching over 70% in most cases. However, in the cold 

weather conditions of Ifrane, the reduction never exceeded 57%. In a similar vein, Chegari et al. [10] 

investigated the effects of thermal insulation on a typical R+1 building across the six climate categories in 

Morocco. They found that thermal insulation had a significant impact on energy self-sufficiency in all zones, 

with a particular emphasis on Ifrane City and comparable climates. Furthermore, Hamdaoui et al. [11] shed 

light on the influence of insulation materials on the thermal behavior of buildings and their annual load. 

Through dynamic simulations using a transient simulation program (TRNSYS), they tested three scenarios 

and discovered that the third scenario, where the external walls, roof, and ground were properly insulated, 

resulted in the lowest annual load. 

In an experimental study, Fang et al. [12] conducted a comparison between a non-insulated chamber 

and a chamber insulated with extruded polystyrene (XPS). The findings revealed that the implementation of 

XPS insulation resulted in a significant reduction of 23.5% in cooling load during the summer season. Sobhy 

et al. [13] conducted a comprehensive study involving both numerical simulations and experimental analysis 

on a modern-style house situated in Marrakech. The primary objective of the study was to evaluate the 

impact of thermal insulation applied to the building's envelope on its thermal load. The findings from the 

research revealed that the implementation of a 4 cm XPS insulation on the roof resulted in a noteworthy 

reduction of 10% in heating load and 30% in cooling load when compared to a non-insulated house. 

Moreover, the presence of 5 cm air gap cavity walls contributed significantly to energy savings. Insulating 

the cavity walls led to a 13% decrease in heating load and a 5% decrease in cooling load, in comparison to a 

non-insulated house. Notably, the combined effect of both insulations demonstrated substantial energy 

savings, with heating and cooling needs being reduced by 26 and 40% respectively. In their investigation, 

Benhamou and Bennouna [14] delved into the influence of envelope insulation on the external walls and 

roof, as well as the effects of solar protection on indoor comfort, heating load, and cooling load. The study 

specifically focused on a villa-type house situated in the city of Marrakech, located in Morocco.  

Kaynakli [15] showed in their article that the implementation of well-insulated external walls, with optimized 

thicknesses of insulation, results in substantial reductions in annual energy consumption for heating and 

cooling systems. 

It is unfortunate that not all of these materials provide satisfactory thermal characteristics, such as 

conductivity or heat capacity. Some require complex manufacturing processes, others are financially costly, 

and some possess toxic properties. Consequently, the strategy of integrating ecologically-sourced materials 

with insulation materials to enhance thermal performance could prove highly beneficial. This pioneering 

approach offers the promise of considerable energy savings and a notable reduction in the environmental 

impact of buildings. 

The proposed configuration for enhancing the thermal behavior of a building involves the use of 

poncebloc, an ecological material constructed from meticulously purified pumice. This volcanic stone is 

renowned for its magmatic structure, which effectively enhances heat transfer. The specific composition of 

the poncebloc block guarantees superior heat insulation properties and remarkable durability, which make it 

an ideal choice for sustainable construction practices. 

A number of studies have highlighted the promising thermal characteristics of new ecological 

materials in buildings. For instance, Kymäläinen and Sjöberg [16] evaluated the potential of bast fibers 

derived from flax and hemp for insulation applications, finding these materials to possess favorable 

properties for insulation purposes. Four years later, Korjenic et al. [17] proposed the development of new 

insulation materials using hemp and flax, demonstrating through various experiments their thermal 

performance comparable to conventional materials. Subsequently, hemp wool as an insulation material 

gained significant attention due to these findings [18]. Le et al. [19] studied the impact of integrating hemp 

concrete in the building. They found that this solution could decrease the daily humidity inside, and reach 

about a 45% reduction in energy consumption. 

In addition to poncebloc, hemp wool will also be integrated into the building to enhance its thermal 

behavior. This insulation material has shown interesting thermal characteristics despite its limited use in 

building insulation. Several studies have supported this idea, including the work of Dlimi et al. [20] which 

investigated the impact of integrating hemp wool as an insulation material in the wall structure of Moroccan 

buildings, specifically in the city of Meknes with a Mediterranean climate. The study showed that the 
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integration of hemp wool could result in energy savings and consequently lead to a decrease in overall costs. 

In another research published in 2020, Dlimi et al. [21] compared an insulated building in the same city with 

a scenario where no insulation was present. They found that insulation with hemp wool yielded significant 

results, providing a 65% reduction when the external walls and roof were insulated. Other studies have also 

explored the integration of hemp wool in parallel with other materials. In their work, Charai et al. [22] 

demonstrated that integrating hemp wool with plasterboard significantly improves the thermal efficiency of 

buildings. 

Poncebloc also exhibited interesting thermal behavior and could be used as a construction material 

for its mechanical properties. One of the studies demonstrating its good thermal characteristics is the research 

by Babaharra et al. [23] which investigated the effect of replacing hollow bricks with Poncebloc in the wall 

structure in the cities of Casablanca and Khouribga. The results showed a heating load reduction ranging 

from 26-28% in Casablanca, and a reduction from 26-29% in Khouribga. However, a decrease from 16-18% 

was observed in cooling load in Casablanca, and from 15-17% in Khouribga, depending on the studied 

scenarios. In another work, Ouhaibi et al. [24] conducted a study on the integration of poncebloc and 

aerogels in semi-arid and cold climates. The results showed that the proposed configuration simultaneously 

provided comfort for occupants inside the building and resulted in a decrease of about 44% in annual load in 

Marrakech and 42% in Ifrane. They concluded that using these two materials could be an ecological solution 

not only because of their effect on comfort and energy consumption but also due to their reduction in 

greenhouse gas emissions. 

Most research in the literature does not investigate the impact of combining two different types of 

insulators, especially natural with ecological materials. In this context, this paper investigates the impact of 

the integration of poncebloc and hemp wool parallel as insulation materials in building construction across 

different climate types in Morocco. The study is done using TRNSYS simulation software, and the impact 

factor used for the comparison between climate types will be the inside temperature of the building and its 

annual load. This work is composed of three sections. The first section includes the studied case parameters, 

considerations, and the plan of our research. The second part shows the work’s results and then conducts a 

discussion about these results. The third part contains a conclusion where some future dimensions for 

research are mentioned. The paper aims to evaluate the energy performance of the proposed insulation 

materials in building construction and determine their potential for energy savings. Finally, the research 

results could encourage future studies to explore the combination of existing insulation materials. 

 

 

2. METHOD 

2.1.  Building description 

Our investigative sample is a cell located inside the Faculty of Sciences of Casablanca (Ain Chock), 

the structure has a footprint of 9 m2 and a total volume of approximately 27 m3. The entrance to the space 

faces north, while a single-glazed window with an aluminum frame measures 1 m in height and width  

Figure 1. The walls of the structure are 29 cm thick. The cell is located at an altitude of 57 m and in longitude 

and latitude respectively of 07°36 W and 33 °36′ N. The building is made up of four exterior walls, a roof, 

and a floor. Each exterior wall consists of two parts of cement mortar with red bricks separated by an air gap. 

The floor comprises successive layers of limestone, heavy concrete, polystyrene, and clay, covered with a 

layer of cement mortar, however, the roof structure is composed of three layers of cement mortar and one 

layer of heavy concrete, moreover a bitumen layer Table 1. The total resistance of the exterior wall is 1.883 

m2.K/W, for the roof is about 0.367 m2.K/W, finally, it’s about 0.673 m2.K/W for the floor Table 2. 

 

 

 
 

Figure 1. Picture of the studied cell (building) 
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2.2.  The climate of Morocco 

The climate in Morocco is categorized into six distinct climatic zones as defined by Moroccan 

thermal regulations [25]. These zones encompass numerous cities across Morocco, as depicted in Figure 2. 

Each zone reflects varying environmental conditions that influence building design and energy efficiency 

strategies. 

 

 

 
 

Figure 2. Moroccan climatic zones map [26] 

 

 

Table 1. Wall characteristics for the reference configuration [25] 

Cell part Layers 
Thickness 

(cm) 

Density 

(kg/m3) 

Thermal conductivity 

(W/m.K) 

Thermal 

capacity 
(kJ/kg.K) 

Structure 

Exterior 

wall 

Cement mortar 1 1,700 1.15 1 

 

Red brick 7.2 1,700 1.15 0.794 
Air 12.6 1 0.08 1.227 

Red brick 7.2 1,700 1.15 0.794 

Cement mortar 1 1,700 1.15 1 

Floor Cement mortar 5 1,700 1.15 1 

 

Clay 3 2,000 0.6 1.5 

Polystyrene 2 25 0.039 1.38 

Heavy 

concrete 
4 2,300 1.75 0.92 

Limestone 10 2,400 2.25 0.8 

Roof Cement mortar 2 1,700 1.15 1 

 

Bitumen 3 1,700 0.5 1 

Cement mortar 2 1,700 1.15 1 

Heavy 
concrete 

15 2,300 1.75 0.92 

Cement mortar 2 1,700 1.15 1 

 

 

Table 2. Resistance of each wall in the reference configuration 
Cell composition Resistance (m2.K.W-1) 

Exterior wall 1.883 

Floor 0.673 
Roof 0.367 
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2.3.  Research plane 

The building under study is located in Casablanca, and its characteristics are detailed in the methods 

section. In this paper, we propose a new wall configuration for buildings. This configuration will be tested in 

various scenarios where the building is located in Agadir, Marrakech, Ifrane, Fes, Errachidia, and Tangier. 

Climatic data for each zone, provided by the METEONORM software, along with building parameters, will 

be used as inputs for the dynamic simulation system of TRNSYS. The impact of the proposed configuration 

will be assessed by examining the indoor temperature of the building and its cooling and heating 

requirements. These results will then be compared to a reference case (non-insulated building) to identify 

where maximum energy savings are achieved, thereby determining the most effective application of the 

proposed configuration. More details about the proposed configuration and simulation parameters will be 

provided in subsequent sections. 

 

2.4.  The simulation and building energy modeling 

The studied case was simulated under TRNSYS16, and by using type 56 under the mode 

TRNBUILD as shown in Figure 3, with a step of 1 hour. The model used for the calculation of the heat 

balance is described in (1). 

 

𝐶𝑝.
𝑑𝑇𝑖𝑛𝑡

𝑑𝑡
= 𝑄𝑛̇ − 𝑄̇𝐻𝑉𝐴𝐶 (1) 

 

Where Cp is the specific heat, Tint is the inside temperature of the cell, 𝑄̇𝐻𝑉𝐴𝐶  is the power output for the 

considered thermal zone. It is determined by assuming a linear relationship between the temperature change 

in the zone air and the amount of power supplied and 𝑄𝑛̇ is the global energy flow for node n. It is obtained 

using the (2). 

 

𝑄𝑛̇ = 𝑄̇𝑎𝑖𝑟 + 𝑄̇𝑐𝑝𝑙𝑔 + 𝑄̇𝑆𝑢𝑟𝑓 + 𝑄̇𝑠𝑜𝑙𝑎𝑟 + 𝑄̇𝑒𝑛𝑣 + 𝑄̇𝑖𝑛𝑡 (2) 

 

Where 𝑄̇𝑎𝑖𝑟  is defined as the rate of heat gain resulting from infiltration and ventilation across the building 

envelope, 𝑄̇𝑐𝑝𝑙𝑔 is the gain due to airflow from boundary conditions. 𝑄̇𝑆𝑢𝑟𝑓  is the heat transfer through 

convection from all interior surfaces, 𝑄̇𝑆𝑜𝑙𝑎𝑟  is the windows absorbed solar gain rate, 𝑄̇𝑒𝑛𝑣 refers to the rate at 

which heat is transferred across the building envelope, 𝑄̇𝑖𝑛𝑡  refers to the internal gain produced by people, 

equipment, illumination, and radiators The Expanded clarification could be provided by the TRNSYS user 

manual [27]. 

 

 

 
 

Figure 3. TRNSYS system diagram 

 

 

2.5.  Simulation parameters and considerations 

In this instance, the calculations are performed over a one-year period, commencing on January 1st 

and ending at midnight on December 31st. The simulation was conducted with the following parameters: the 

temperature inside the cell was set to fluctuate between 20 and 26 °C due to the operation of the cooling and 

heating equipment, with infiltration fixed at approximately 0.5 l/h. The initial conditions are set to a 



Int J Adv Appl Sci  ISSN: 2252-8814  

 

Enhancing energy efficiency with poncebloc and hemp wool: a Moroccan case … (Yasser Boukioud) 

975 

temperature of 20 °C and a relative humidity of 50%. The contribution of internal gains from the inhabitants 

is considered to be negligible. The walls and roofs are estimated to have an outer surface absorption 

coefficient of 0.7 and an emissivity coefficient of 0.9. The cell is equipped with a lamp that generates 5 W/m² 

of internal heat, and the doors and windows remain closed at all times. TRNSYS 16 will handle these 

considerations and generate input parameters based on them. 

 

2.6.  The investigated configuration 

Figure 4 shows the suggested configuration for the roof and external wall, Figure 4(a) proposed 

configuration involves integrating a layer of 24 cm of poncebloc with two 1.5 cm thick layers of hemp wool 

in the exterior wall. Additionally, in Figure 4(b) a layer of 3 cm of hemp wool will be integrated into the roof 

structure between the heavy concrete layer and the cement. This configuration will be tested, taking into 

consideration the glazing effect on energy consumption. Double glazing was chosen for this configuration 

due to its low U-value and cost-effectiveness compared to other types of glazing. Table 3 provides more 

information about the suggested structure, and Table 4 describes the six climate zones. 

 

 

  
(a) (b) 

 

Figure 4. Suggested configuration in roof and external wall (a) roof configuration and (b) external wall 

configuration 

 

 

Table 3. Wall characteristics for the suggested configuration 

Cell part Layers 
Thickness 

(cm) 

Density 

(kg/m3) 

Thermal conductivity 

(W/m.K) 

Thermal capacity 

(kJ/kg.K) 
Structure 

Exterior 

wall 

Cement 

mortar 

1 1,700 1.15 1 

 

Hemp wool 1.5 35 0.04 1.2 

Poncebloc 24 365 0.126 1 

Hemp wool 1.5 35 0.04 1.2 
Cement 

mortar 

1 1,700 1.15 1 

Roof Cement 

mortar 

2 1,700 1.15 1 

 

Heavy 
concrete 

12 2,300 1.75 0.92 

Hemp wool 3 35 0.04 1.2 
Cement 

mortar 

2 1,700 1.15 1 

Bitumen 3 1,700 0.5 1 
Cement 

mortar 

2 1,700 1.15 1 

 

 

Table 4. Studied climate description [28] 
City Agadir Marrakech Ifrane Fes Errachidia Tangier 

Altitude (m) 56 460 1665 415 1084 80 

Longitude -9.59°E -7.99°E -5.2°E -5.00°E -4.42°E -5.80°E 

Latitude 30.42°N 31.62°N 33.50°N 34.04°N 31.93°N 35.77°N 
Climate type Atlantic Semi-arid Cold Continental Desert Mediterranean 

Tmax(°C) 44.06 45.9 40.8 44.62 43 37.26 

Tmin(°C) 3.29 3.7 -5 0.11 0.63 3.07 

 

 

2.7.  Research objectives and scope 

The article aims to investigate the effect of the suggested case. In the first section, it will discuss the 

influence of this suggestion on the temperature inside the cell. The cell temperature for both configurations 
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will be evaluated without using cooling or heating to determine if the proposed configuration provides a 

comfortable indoor environment. The second part will highlight the potential energy savings that can be 

achieved by using this configuration in the building. The study will be conducted in the six Moroccan zones 

to determine where the maximum and minimum savings can be achieved. 

 

2.8.  Simulation validation 

In order to ensure the accuracy of our simulation program, we conducted a validation simulation 

based on the study by Mourid et al. [29], who performed an experimental study on a building in Casablanca. 

The validation simulation was carried out over three days, from April 20 to April 23, 2014. Table 5 provides 

information on the temperature differences between the experimental data reported [29] and the temperatures 

obtained from our simulation. Table 5 also includes the relative error associated with each time value. 

 

 

Table 5. Comparison of indoor air temperatures simulated vs measured data 
Time (h) ΔT (°C) er (%) 

4 0.4 2.17 
8 0.45 2.5 

16 -0.5 2.27 

24 0.78 3.66 
32 0.77 4.05 

54 0.15 4.05 
64 -0.35 1.77 

 

 

From Table 5, we can observe that the difference between the experimental and simulation results is 

not significant, as indicated by the relative error values, which are all less than 5%. This suggests that our 

simulation model provides accurate results with sufficient precision. Therefore, we can conclude that the 

results produced by this model align well with the experimental data. Consequently, we can rely on this 

model for our investigation and to determine the impact of using the proposed configuration in the building. 

 

 

3. RESULTS AND DISCUSSION 

3.1.  Temperature inside the cell 

Previous studies have explored the impact of different insulation materials on indoor temperature 

variations and annual building loads. However, most research does not investigate the impact of combining 

different insulation materials, unlike our study. The indoor temperature was calculated using the simulation 

program. 

It can be observed from Figure 5 which illustrates the temperature variations throughout the year, 

that the temperature of the proposed configuration (T_sc) is lower than in the reference case (T_ref) during 

hot seasons, but higher during the cold season. Additionally, the difference between the reference case 

temperature and the proposed case temperature varies from city to city and from season to season.  

For the cold season, the smallest difference between the two scenarios is observed in Agadir  

(Figure 5(a)). In contrast, for the hot season, the largest difference is noted in Marrakech (Figure 5(b)). In the 

cold climate, the maximum difference is observed in Ifrane (Figure 5(c)), while Fes (Figure 5(d)) shows the 

second smallest difference, following Agadir. For the hot climate, Errachidia (Figure 5(e)) presents the 

second smallest difference, after Marrakech. Therefore, the suggested configuration is a good solution 

because it provides good comfort, especially in cold and hot climates, where achieving comfort is difficult. 

Another observation is that in the suggested case, the temperature fluctuation compared to the ambient 

temperature is less than in the reference case. Specifically, it is around 17.51 °C in Agadir (Figure 5(a)), 

23.59 °C in Marrakech (Figure 5(b)), 26.37 °C in Ifrane (Figure 5(c)), 25.01 °C in Fes (Figure 5(d)),  

27.59 °C in Errachidia (Figure 5(e)), and 20.29 °C in Tangier (Figure 5(f)). In contrast, in the reference 

configuration, we observed 21.16 °C in Agadir, 27.15 °C in Marrakech, 30.42 °C in Ifrane, 29.39 °C in Fes, 

31.28 °C in Errachidia, and finally 24 °C in Tangier. These results demonstrate that this configuration 

maintains comfortable indoor conditions. The proposed setup ensures a high level of comfort regarding 

indoor temperatures, which remains stable and pleasant despite weather fluctuations. 

 

3.2.  Heating and cooling needs 

One way to evaluate the effectiveness of a wall configuration in the building is to examine its 

heating and cooling power consumption and determine the potential energy savings. To this end, the heating 

and cooling requirements of each configuration were investigated, with the target indoor temperature ranging 
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from 20-26 °C. Heating was activated when the temperature fell below 20 °C, while cooling was triggered 

when the temperature rose above 26 °C. The simulation was conducted over a one-year period, without 

taking into account the presence of occupants. The results obtained from the suggested configurations will be 

compared to the reference case where simple glazing is used. Agadir is a city in Morocco with a unique 

Atlantic climate, characterized by cold temperatures during the winter season and a greater demand for 

heating than cooling. In this study, we investigate the effectiveness of a suggested configuration for reducing 

energy consumption in various Moroccan cities. 

From the results presented in Figure 6, it is evident that the proposed configuration can significantly 

reduce energy consumption for both heating and cooling purposes. Specifically, the configuration reduces 

heating requirements by 54.6% and cooling requirements by 52.6% in Agadir (Figure 6(a)), resulting in a 

total energy savings of 54.1%. Similarly, in Marrakech (Figure 6(b)), the configuration achieves total savings 

of 53.3%, with a reduction of 54% in heating and 52.6% in cooling. 

For cities with colder climates such as Ifrane (Figure 6(c)), the integration of poncebloc with hemp 

wool results in a total load savings of 52.5%, with 52.3% savings in heating and 54.3% in cooling. In Fes 

(Figure 6(d)), a total savings of 53.1% is achieved, with 53% in heating and 53.5% in cooling. In Errachidia 

(Figure 6(e)), savings of 53.3% and 50.8% are obtained for heating and cooling, respectively, resulting in a 

total savings of 51.9%. In Tangier (Figure 6(f)), the new configuration achieves a total savings of about 

54.4%, with 53.8% in heating and 56.5% in cooling. Overall, the results indicate that the suggested 

configuration is effective in reducing energy consumption and achieving significant savings in heating and 

cooling needs in various Moroccan cities. These findings could have significant implications for energy 

conservation and cost savings in the region. 

 

 

   
(a) (b) (c) 

   

   
(d) (e) (f) 

 

Figure 5. Annual variation of ambient temperature, inside temperature in the reference case, and inside 

temperature in suggested case of (a) Agadir, (b) Marrakech, (c) Ifrane, (d) Fes, (e) Errachidia, and (f) Tangier 

 

 

Results analysis indicates that the proposed configuration yields significant energy savings in 

various climatic regions, albeit with varying efficiency levels. Notably, Agadir displays the highest heating 

savings, while Ifrane shows the lowest. Conversely, Tangier demonstrates the highest cooling savings, while 

Errachidia has the lowest. In general, the configuration proves to be more effective in Tangier and less 

effective in Errachidia. These findings underscore the importance of tailoring energy-efficient solutions to 

local conditions. Additionally, the implementation of the suggested configuration can lead to substantial cost 

savings and reduced electricity bills, making it a practical and sustainable solution for addressing heating and 

cooling requirements in diverse climatic zones. 

Despite the natural, user-friendly, and lightweight characteristics of the materials used in the 

proposed configuration, along with their straightforward production processes and sometimes lower costs 

compared to alternative materials, the energy savings achieved in this study are observed to be comparatively 

lower than those reported by Ouhaibi et al. [30]. However, exploring alternative applications or modifying 

the utilization of these materials could potentially unlock significant energy-saving potential for buildings in 

future endeavors. Additionally, further in-depth research is necessary to validate their economic and 
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environmental impacts, particularly in terms of cost-effectiveness and sustainability. Comparative studies 

across various climate types are also essential. Future research should consider these aspects to promote the 

adoption of combined insulation solutions. 

 

 

  
(a) (b) 

  

  
(c) (d) 

  

  
(e) (f) 

 

Figure 6. Comparison between the annual consumption for heating and cooling for both reference and 

suggested configuration for (a) Agadir, (b) Marrakech, (c) Ifrane, (d) Fes (e), Errachidia, and (f) Tangier 

 

 

4. CONCLUSION 

The present study employed a dynamic simulation approach using TRNSYS to investigate the 

effects of combining different materials in building construction. Specifically, poncebloc was combined with 

hemp wool, a natural insulation material, in both the building's roof and exterior wall due to their favorable 

low thermal conductivity properties. The objective of this study was to evaluate the impact of integrating 

both mineral and natural insulation materials. The analysis commenced with a thermal behavior assessment, 

with the internal temperature of the building cell being the primary parameter. The findings indicate that the 

inside temperature was higher in the suggested case compared to the reference during the cold season, while 

it was lower in the proposed case than the reference during the hot season. Furthermore, the results 

demonstrate that the proposed case provides less temperature fluctuation throughout the year, thus ensuring 

greater comfort inside the cell. The study also discovered that the minimum fluctuation value was observed 

in Agadir, while the maximum was recorded in Errachidia. 

In the second section, we evaluated the efficiency of the proposed building configuration and 

investigated its impact on heating and cooling needs. Our results show a significant decrease in these 
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requirements, resulting in energy savings that vary across different climatic zones. The maximum energy 

savings in heating were observed in Agadir, with a reduction of about 54.6%, while the lowest energy 

savings were recorded in Ifrane, with a reduction of about 52.3%. Similarly, the highest value of cooling 

savings was found in Tangier, with a reduction of 56.5%, while the lowest one was recorded in Errachidia, 

with a reduction of 50.8%. Based on these findings, we conclude that the proposed building configuration is 

more effective in Tangier, with a total energy saving of 54.4%, while it is less effective in Errachidia. Despite 

the variation in efficiency depending on the climate zone, the suggested configuration provides significant 

energy savings in all climatic zones in Morocco. In conclusion, the proposed configuration is an effective and 

efficient solution in terms of both indoor comfort and energy savings. This study demonstrates that 

incorporating multiple types of insulation materials within a building can be advantageous and beneficial for 

investors. It may encourage researchers to explore and develop further integrations of diverse insulation 

materials. Future studies could investigate the economic and environmental impacts of such multi-insulation 

configurations. Additionally, comparative studies could analyze this proposed approach against others 

utilizing different combinations of insulators. 
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