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Building for a sustainable future: investigating the 
thermal performance of innovative and local wall 
materials in an Egyptian housing unit
May Adel Ebaid

Architecture Department, Faculty of Engineering, October University for Modern Sciences 
and Arts, MSA University, Cairo, Egypt

ABSTRACT
Nowadays, the majority of nations are facing the challenge of global warming 
which has caused less thermal comfort in indoor environments with further 
energy consumption. To mitigate these negative impacts, selecting appropriate 
building materials with environmental design principles is crucial to meet user’s 
needs. This study aims to investigate the impact of implementing innovative 
and locally sourced building materials in the wall construction of a residential 
building in Egypt; to improve energy consumption and users’ thermal comfort. 
The thermal performance of six alternative walls was analyzed and compared 
using computer simulation software. Alternative wall systems included innova
tive materials, such as Marmox boards and aerogel panels, as well as local 
materials such as double wall, Singer clay blocks, and Mudbrick with strawbale. 
The simulation results demonstrated that the Mudbrick strawbale exhibited the 
best thermal performance among all alternatives. It reduced energy consump
tion by 45% and decreased discomfort hours to an average of 18 hours per year. 
The innovative materials, Marmox board, and Aerogel panel, also showed 
promising results that were comparable to those of Mudbrick strawbale. This 
confirms that local materials can offer superior thermal performance when used 
in appropriate wall techniques. The overall study results revealed that imple
menting alternative wall strategies using environmentally sustainable building 
materials in residential settings can lead to energy savings ranging from 29% to 
45%, as well as a reduction in annual discomfort hours by over 50%. This study 
highlights the effectiveness of using alternative wall strategies as a solution for 
addressing environmental adaptation gaps in residential settings.
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Introduction

Recently, the phenomenon of global warming and consequent temperature 
rise has resulted in a thermal comfort reduction, increased usage of cooling 
systems during hot seasons, and a surge in energy consumption. This, in turn, 
has caused a rise in pollution from power plant activities, thereby creating 
a vicious cycle that causes irreparable damage to natural resources and 
sustainable environmental conditions [1]. The buildings sector is a major 
contributor to this problem, accounting for 30% of energy consumption 
and around 27% of global emissions in 2021, where residential buildings 
alone consume more than one-third of worldwide electricity usage [2].

Between 2008 and 2017, the residential sector in Egypt experienced 
a notable surge in electricity consumption, accounting for 42.9% of the 
total consumption. However, as shown in Figure 1, it is noteworthy that 
there has been a decline in residential consumption since 2018 due to the 
adoption of LED lamps for lighting purposes and multimedia awareness 
campaigns [3]. Yet, after a 1% reduction in 2020, the usage rose by 6% the 
following year [4]. In August 2022 the Government revealed in a statement 
that electric consumption has risen to the highest load in Egypt’s history 
during the peak hour recording 34x.2 thousand megawatts [5]; this is attrib
uted to two things: the growth of new communities and residential com
pounds, as well as the use of household appliances, particularly air 
conditioners, during hot periods.

Giovoni claimed that; Since the indoor thermal atmosphere and the need 
for ‘heating or cooling’ are determined by the thermal properties of materials, 
then the thermal behavior of the wall materials has a significant effect on the 
tenant’s comfort levels, regardless of the mechanical control system usage 
[6]. Hence, the lack of insulation properties in the envelope of the buildings is 
synced with the rise in energy consumption and thermal comfort reduction. 
This issue can be alleviated by selecting the proper construction wall materi
als considering the environmental and sustainable design standards, which 
would significantly enhance thermal and lessen the harmful effects of con
struction [7].

Figure 1. Egypt Total energy consumption chart [3].
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Generally, There is a variety of insulating bricks available for commercial 
use in each region, Some of these bricks are produced locally using materials 
found in the surrounding environment, which can be composed of filling 
materials, such as air, natural mineral wool, strawbales, mud, clay, or bamboo 
fiber, etc. These materials are classified as local materials and are known for 
their thermal performance [8], On the other hand, there are also new materi
als that incorporate innovative technologies and features in different ways. 
Examples of these materials include Expanded Polystyrene (EPS), Rockwool, 
smart concrete, Aerogel Panels, and Thermo rock boards. Although these 
innovative wall materials may have higher initial costs, they possess excep
tional thermal properties [9]. Table 1 outlines several factors that can help 
distinguish between local and innovative materials in buildings’ external 
walls.

The interaction between these building materials, design elements, 
weather, tenants, ventilation, and other systems is complicated, By employ
ing energy simulation models, all the influencing factors in the process can be 
considered and analyzed [10]. Engineers must estimate energy consumption 
early in the design process to avoid major design flaws. Energy simulation 
software, based on climate situations and other influential aspects, assists 
designers in making precise predictions of building performance and envir
onmental assessments of buildings in cities [11].

Thus, the main objective of the study is to investigate different types and 
techniques of building wall materials in an attempt to enhance the 

Table 1. Distinguishing between local and innovative building materials.
Factors Local Materials Innovative materials

Source of 
Material

Sourced from construction site 
environment.

Manufactured or engineered specifically 
for construction purposes.

Availability Easily accessible in the region, in natural 
form, or with minimal processing

Require specialized manufacturing 
processes and, may have limited 
market availability.

Sustainability More sustainable (lower carbon 
footprint) due to reduced 
transportation distances. have 
minimal environmental impact when 
sourced responsibly

Have sustainable attributes depending 
on their composition and production 
methods.

Cultural Context Often reflect the cultural heritage and 
architectural traditions of a region.

Not necessarily align with local 
aesthetics or cultural context.

Performance  
Characteristics

developed to offer improved 
performance in terms of energy 
efficiency, durability, insulation 
properties, or structural strength

High, as they often undergo rigorous 
testing and certification processes to 
ensure compliance with building 
codes and standards.

Cost  
Considerations

Generally more cost-effective due to 
their availability and reduced 
transportation costs.

Higher price point due to research and 
development costs, and specialized 
manufacturing processes.

Examples Mud and clay are used in Bricks, straw 
bales, stone, Rice Ash, timber, and 
earth.

Expanded Polystyrene (EPS), rock wool, 
smart concrete, Aerogel Panels, 
thermo-rock boards, nanophase 
changing materials, and steel.
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relationship between energy efficiency in the residential sector and environ
mental sustainability by improving thermal comfort levels. Accordingly, the 
research compares the thermal performance of proposed local and innova
tive/new building materials strategies instead of the conventional one. The 
study applies these wall-building materials at the south façade of a residential 
dwelling as a base case and then estimates, using energy simulation software, 
the thermal comfort and energy usage throughout the year of each wall type; 
to achieve more sustainable and energy-efficient residential buildings in 
Egypt.

Research methodology

To attain the main goal of the study, various procedures were implemented. 
Initially, a theoretical review was conducted to investigate commonly used 
environmentally friendly wall materials whether innovative or locally sourced. 
Following this, a residential case study was selected in Egypt and the required 
data was collected. The energy usage and thermal comfort level of the case 
study were then tested using Design Builder Simulation V7 [12]; to explore 

Figure 2. Research methodology framework, author.
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ideas on how to improve the energy efficiency of the residential unit by 
incorporating local and innovative building materials commonly used in 
Egypt. Figure 2 illustrates the six wall alternative techniques considered in 
this study, including local materials such as brick walls, Singer Clay Blocks, 
Double Walls, and Mud Brick Strawbales, as well as innovative building 
materials like Aerogel panels and Marmox thermo-rock panels. The simula
tion results were compared to determine the most effective wall technique 
regarding thermal comfort and energy efficiency within this specific region.

Literature review

Designing a building in developing countries can be challenging when 
estimating thermal insulation and thermal comfort; as a result of the diverse 
types of buildings designed for various purposes. A study by Al Tamimi 
(2020), revealed that in buildings with inadequate insulation, their exterior 
walls are accountable for approximately losing 33% of heat [13]. Therefore 
the exterior wall is crucial in any building as it regulates the transfer of heat 
from direct or indirect sources and impacts human thermal comfort and their 
quality of life [14]. Thermal comfort was defined by the ASHRAE standard; as 
the psychological state attained when a person is content with the thermal 
atmosphere [15], According to Givoni (1998) and the notion of Adaptive 
Comfort, the investigations have employed the 20°C–29°C as a thermal com
fort range [16]. While the initial comfort range, which was listed in EREC 
(HBRC 2008), was 22.2°C to 25.6°C [17]. Currently, Various methods are avail
able for assessing the thermal comfort metrics in a building, One such 
method is the predicted mean vote (PMV), to evaluate the users’ comfort 
considering six variables. The PMV is a measure of how people feel based on 
their self-reported feelings on a scale from −3.0 to + 3.0 [18,19]. Another 
method for identifying thermal comfort was by calculating the number of 
discomfort hours caused by over-or under-heating and cooling, as well as 
unhealthy relative humidity, with respect to occupied hours [20].

Bricks and blocks have been an important construction material for over 
a century due to their high compression and extended durability features, 
Previous studies have provided valuable empirical references regarding the 
identification of wall materials and their impact on the building thermal 
performance in different regions. Joseph (2015) investigated the thermal 
characteristics and durability of ‘aerated, fibo, and silbet blocks’ with light
weight building blocks, The study also explored the use of expanded ther
mistors and glass wool to improve thermal performance [21]. Ahmad (2017) 
examined the addition of local materials ‘Clay and wheat husk’ to bricks, his 
investigations included thermal performance, water absorption, and other 
properties of clay bricks, the study recommended incorporating 15% of waste 
to brick [22]. Walker, (2018) explored the integration of cell pores into fibers 
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such as ‘bamboo, cotton stalk, and sand’ to improve wall materials’ thermal 
performance [23]. Vijayan (2021) Conducted a review study on various sorts of 
bricks including ‘Stone Masonry, burnt clay bricks, solid sand lime blocks, 
cement hollow blocks, thermos acoustic blocks.etc’., The study concluded 
that mudbrick effectively reduces heat loss. Moreover, advancements in 
technology have significantly improved the use of insulator materials [24]. 
Diano and Ramos, (2020) emphasized identifying reducing energy consump
tion can be accomplished with the smart design of insulating wall materials 
techniques. The study advised carefully selecting the materials employed to 
regulate heat flow in a space, taking into account the environment, imple
mentation techniques, and convenient operation [25].

Further studies relied in their investigations on comparing alternative 
multi-layered materials walls as the one conducted in Tehran, by 
Mohammad, (2013), where he compared the thermal efficiency of contem
porary wall structures to the conventional unfired clay and brick materials 
utilized in local residential buildings, to determine the optimum replacement 
regarding energy efficiency. The research suggested ‘hollow clay, autoclaved 
aerated concrete, or light expanded clay blocks’ and at last recommended the 
Leca Block as a more sustainable wall building than the AAC block [26].

Scholars in Sri Lanka as Udawattha et al. (2019) explored the thermal and 
cooling performance of 3 commonly used wall materials by site measure
ments in addition to computer simulations, the study conducted three dif
ferent wall thicknesses of ‘brick, cement block, and concrete mud’ to discover 
which thickness materials were best for Sri Lanka’s climate. The mud concrete 
block was the optimum choice for wall construction due to better cooling and 
thermal performance compared to other materials [27], While Kisilewicz, 
(2019) illustrated a study that compared variations without thermal insulation 
and another with an insulation layer, the study found that the overheating 
duration using a thermal insulation layer (10 cm) increased by 12% to 15%, 
compared to without insulation. while the overheating period is prolonged 
by 4% to 9% when thermal insulation is thickened to 30 cm [28]. Wernery, 
(2017) discussed reducing the thermal conductivity of an insulating brick by 
replacing the perlite filler with a unique highly insulating aerogel material 
(Aero brick or An aerogel-filled insulating brick), The results showed that 
thermal conduction decreased from 91 down to 59 W/m·K for these 
‘Aerobricks’. Therefore, with aerogel fillings, the insulating brick thickness 
can be reduced, resulting in space saving and users’ thermal comfort [29]. 
Another innovative material that has gained little research is the Marmox 
board applications in wall facades. Murtadha et al. (2017) conducted a study 
for a room in Baghdad city with implemented solar chimneys in the solar 
façade, Marmox was used as an insulation wall in the outer walls while the 
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roof and floor were insulated by Marmox thermo-block [30]. Similarly, 
Kytömäki (2017) applied Marmox boards under wall facades to prevent cold 
bridges from happening and reduce heat transfer through walls, and floors, 
for more energy efficiency and lower heating costs [31].

In summary, this literature review highlights the significance of selecting 
appropriate wall materials for optimal building thermal performance. They 
discussed different types of bricks and blocks, as well as innovative material 
approaches to improve building efficiency. However, there is a lack of com
parative research analysis on the performance and applicability of various 
materials, especially in hot developed countries.

Proposed alternative materials for wall façades

In Egypt, commercially available insulating brick wall construction comes in 
a variety of forms and has a low thermal conduction range of 70–90 mW/(mK) 
when filled with ‘air, wool, EPS, or perlite’. Nowadays, the commonly used 
traditional wall materials in Egyptian residential neighborhoods, are burnt 
hollow clay brick, as well as cement brick. There are other available less-used 
local materials such as mud brick and straw bales. Recently, new innovative 
wall materials are being employed as Marmox Boards, and Aerogel insulation 
due to their beneficial thermal properties. This research aims to provide 
insights into the thermal performance of different wall techniques using the 
following materials.

Marmox boards (light structural panels)
Marmox Thermo-rock is considered an innovative, user-friendly material, 
a fire-resistant extruded load-bearing board made of rock wool connected 
with a rigid frame and fiberglass mesh on both sides and polymeric cement 
that is often positioned at the outside wall as shown in Figure 3. Marmox 
offers a group of light structural panels characterized by moisture, heat, 
sound insulation properties, and shocks, with a thermal resistance of 1.43  

Figure 3. Marmox board multi-layers [31].
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m2 K/W. It can be installed on all sectors and different surfaces including 
facades, The panels were made in an innovative way to accept all types of 
finishes, The average board thickness is 12 mm and can reach 100 mm, and 
the single board weighs 4–15 kg. The average cost of these boards starts at 30 
dollars per square meter and varies by their thickness [32]. Marmox has many 
external use applications such as insulation of buildings from heat to save 
energy, Covering the walls and ceilings of metal and wooden structures, 
decorative and architectural formations, renovation and restoration of facil
ities, and Truss roofs for factories and farms as shown in Figure 4 [33].

Aerogel panels
Aerogel is composed of a porous structure with nanoscale particles, creat
ing a material that is extremely lightweight and highly insulating. Its low 
thermal conductivity allows it to effectively minimize heat transfer, making 
it an ideal choice for insulation in the building sector [34]. Aerogel-based 
materials are widely used as insulating sheets of various thicknesses ran
ging from 10,19 to 59 mm, or plaster and tiles on building walls as 

Figure 4. Marmox board construction in a residential building.

Figure 5. Aerogel panels facade wall installation.
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depicted in Figure 5. Moreover, aerogel is transparent, allowing for the 
passage of light while still providing insulation. This makes it suitable for 
applications such as windows and skylights. Aerogel is simple to use, 
recyclable, durable, versatile, and reusable materials. The average price of 
aerogel is 50 dollars per square meter for the 10 mm thickness. Many 
researchers are developing aerogels with low environmental and economic 
costs as an alternative to existing building insulation materials due to their 
low thermal conductions (14–19 mW/(m. K)), high hydrophobicity, and 
adequate fire resistance [35].

Singer clay blocks
A Perforated Brick Block with holes of a ratio of 35%, as shown in Figure 6, 
burnt at 900 degrees Celsius. According to Singer Factory in Egypt, the block 
dimensions are (25 × 12 * 13) cm, and around 250 blocks are adequate to 
build a 1 cubic meter wall, The Singer block is faster in construction, less 
mortar and cement used, and has better insulation than the conventional clay 
blocks, with 0.55 M2.K°/W. It allows flexible design, fire resistance, and low 
water absorption. Building work is environmentally friendly and requires little 
maintenance with a long life span of more than 100 years [36]. Hence, they 
maintain a comfortable indoor atmosphere by controlling the temperatures 
and air humidity inside the space [37]. Singer bricks are quite affordable as 
they cost an average of 20 dollars per 1 cubic meter.

Mud Brick and Strawbales
In Egypt, there are tons of rice straw left over every year. Burning it can 
cause a lot of air pollution and health issues [38]. It has been exten
sively studied and researched in Egypt to discuss its potential to be 
used in the brick wall sector as an economical and sustainable building 

Figure 6. Singer brick shape, and its application in residential buildings.
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material. The cost of materials for a brick wall made of straw would be 
around 2.5 dollars, whereas the cost of a brick wall would be around 18 
dollars per cubic meter [39]. In order to create new composite straw- 
cement blocks that are affordable and excellent insulators, they may 
also be recycled by mixing them with cement [40]. The study applied 
straw bale as an insulation layer next to the mud brick in the wall 
construction this technique results in a larger wall thickness that may 
affect the indoor space function.

Empirical study

Model definition: Janna Compound, New Cairo campus, Egypt

‘Janna Compound’ is a housing project built by the Egyptian 
Government to meet the rising demand for residential units, The project 
has been repeatedly built in various cities in Egypt as El-Sheikh Zayed, 
Al-Minya, and New Cairo . . . etc., regardless of the local climate, or the 
cost of materials. Residential units are situated across the entire site by 
repeating the same models (types A, B) with varying directives based on 
the land’s site form, and urban design.

The selected site was the one located in New Cairo as shown in 
Figure 7. The primary factors in the selection of this project were: the 
typology of the project as a highly-demand residential project; due to 
payment facilities provided by the government, high resident counts, as 
well as, the climatic status of the New Cairo context, the lack of thermal 
comfort in many units according to residents; as many of them tend to 
use air conditioners in the summer and heating devices in winter, the 
increased energy consumption, beside the fact that the project is 
inhabited assisted in the availability of collected data, unlike under- 
construction project sites.

Figure 7. a) on the left: the location of Janna New Cairo Compound Campus, Cairo, 
Egypt [41], b) on the right: view of case study building, author.
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The case study model is type A, highlighted in Figure 7, and includes 
a ground floor and five recurring floors, each with four residential flats of 
approximately 130 square meters [42]. On average, each flat accommodates 
four occupants. The south façade of this building was adapted to different 
materials in the simulation; as it is the most heat-exposed façade and has an 
unfavorable orientation according to the sun path of the site; to improve 
overall environmental building performance.

Climatic outlines: Cairo, Egypt

According to the international weather for energy calculation data file, Cairo 
has previously been applied in the Energy Plus Design-Builder simulation. 
Using the weather and solar tools [43], Climatic data for the site revealed that 
higher summer temperatures reach 35–45 °C in August, while lower winter 
temperatures range 15–20 °C, as shown in Figure 8.

Building simulation

The simulation was performed using the graphical user interface V7 of Design 
Builder, which incorporates Energy Plus calculation engines. The design- 
builder was chosen for its flexible geometry input, extensive material library, 
and load profile. In addition, it includes control procedures to ensure results 
accuracy compared to independent Energy Plus engines. Simulations in the 
Design-Builder program included modeling the consumption of cooling and 
heating to evaluate the building’s performance as illustrated in Figures 9–11. 
Local and innovative layers have been applied to increase energy efficiency 
and improve the user’s comfort in the space. The specifications for the 
original wall-building materials used in the simulation are given in Table 2.

Figure 8. Egypt climate graph [34].

HBRC JOURNAL 285



Figure 10. Sun path diagram of the model for the residential building. Author.

Figure 11. a) front elevation (south façade), b) side elevation for the residential building. 
Author.

Figure 9. On the left building layout, and the right is typical floor plan, Janna project 
New Cairo site, model building type A, author.
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Building materials specifications
Previous research has shown that incorporating a multilayered wall con
struction with varying thermal characteristics can improve the wall’s 
thermal performance. In this study, five alternative building wall materials 
were selected and applied to a building in the ‘Janna residence project’, 
as a base case model, to investigate their thermal performance. The 
model was developed, and the south façade opaque wall was adapted 
using multiple layers of materials with different techniques, considering 
factors such as material properties, thickness, and dimensions provided 
by the manufacturer. The commonly used ‘Burnt clay hollow brick’, was 
utilized in walls 3 and 4 as it was readily available in the local market and 
already used in the base case [44]. To ensure consistency throughout the 
study, both the outer and inner finishing surfaces were standardized 
across all alternatives. Table 3 displays the input parameters for the 
base case example (wall 1). All input parameters are initially fed into 
the base case to assess its performance before applying the recommen
dations for each wall technique.

Table 2. Construction layers of the base case.
External 

Wall
Partitions

● 0.5 cm External paints
● 2 cm Cement/plaster/mortar
● 25 cm Brickwork outer
● 2 cm Cement/plaster/mortar-cement 

plaster

● 1.2 cm Gypsum plastering
● 12 cm Brickwork outer
● 1.2 cm Gypsum plastering

Roof Floor

● 2 cm cement tiles, Cement layer, 
sand

● 7 cm inclined concrete
● 5 cm EPS thermal insulation layer
● 15 cm reinforced concrete slab
● 2 cm of cement whiteness

● 1 cm ceramic
● 2 cm cement layer
● 7 cm of sand
● 15 cm reinforced concrete 

slab
● 2 cm of cement whiteness
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Alternative materials for south wall facade construction input
● Wall-1: Traditional Brick wall, (Burnt Clay hollow Brick).
● Wall-2: Marmox Thermo-Rock layers.
● Wall-3: Double walls separated by an air gap.
● Wall-4: Aerogel panels and brickwork.
● Wall-5: Singer Clay Block.
● Wall-6: Mud Brick and strawbales. Table 4 below shows the allternatives 

onstruction materials input.

Data Analysis Results

Annual energy consumption

Overall, the energy consumption of the base case wall material increased 
during the summer specifically the ‘May, June, July, and August’ months; due 
to the increased solar irradiance. However, according to the simulation results, 
the total electricity measured in August was reduced by an average of 45%, 
32%, and 29 % for the local materials proposal in the case of walls 4, 5, and 6 
respectively, while the innovative materials saved approximately 29% to 30 % 
as measured in wall 2 and 3. Table 5 illustrates that the base case wall achieved 
30,485,67 kWh in August, while the innovative building materials as the 
Marmox Thermo Rock panel adaptation achieved 23,142.71 kWh. compared 
to Aerogel’s innovative materials that attained 23,059.88 kWh. On the other 
hand, local building materials such as singer clay block recorded 24,140.55 kWh 
and mud brick strawbales 21,827.78 kWh. These results support the implemen
tation of local Mud Brick and straw bale as the optimum technique, followed by 
Aerogel and Mamox thermos rock techniques in terms of energy consumption.

Table 3. Input parameters of design Builder simulation of the residential building case 
study.

Simulation data Design Builder Inputs

Building Activity Residential building
Occupancy Density 0.117 people/m2

Metabolic rate Resident activity
Occupancy factor 0.5
Occupancy schedule 8am-12am, 7 days/week
Clothing 1Clo/Winter-0.5 Clo/Summer
Cooling Setpoint 27 °C

External Walls Brickwork with external plaster
Glazing Single Clear glass
Lighting System Fluorescents
HVAC Split unit & Natural Ventilation

“Cooling system” coefficient of performance- (COP) 1.8
“Heating system” (COP) 0.85

Location New Cairo, Egypt
Orientation South Facade
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Table 4. Construction materials input.

Type Materials
Cross section/U-value 

w/(m2-k)

Wall-1 0.5 Plaster +2 cm Plaster/Morter +25 cm Brickwork +2 cm 
Plaster/Morter +0.5 cm Plaster

U-Value: 1.968 W/m2-K
Base Case

Wall-2 0.5 cm plaster + Marmox Thermo Rock layers [2 cm 
Polymeric Cement Mortar/0.5 cm Glass Fiber Board- 
Mesh/12 cm Rock Wool-Density 120 kg/m3/0.5 cm Glass 
Fiber Board-Mesh/2 cm Polymeric Cement Mortar +  
steel frame] +0.5 cm plaster

U-Value: 0.132 W/m2-K
Marmox  

Thermorock 
Boards

Wall-3 0.5 cm External Plaster +2 cm Plaster/Morter +12 cm 
Brickwork +5 cm air gap +12 cm Brickwork +2 cm 
Cement mortar +0.5 cm plaster

U-Value: 1.355 W/m2-K
Double wall 

with Air gap

Wall-4 0.5 cm External plaster +2 cm Cement/Plaster/Mortar +2.9  
cm Aerogel sheet +25 cm Brickwork Outer +2 cm 
Cement/Plaster/mortar +0.5 plaster

U-Value:0.366 W/m2- 
K

Aerogel panels

Wall-5 0.5 cm External Plaster +2 cm Cement/Plaster/mortar +  
singer clay block (5 cm Clay +25 cm Brick work) + 2 cm 
Cement/plaster/mortar +0.5 plaster

U-Value:0.874 W/m2- 
K

Singer brick

Wall-6 0.5 cm External plaster + (12 cm Straw bales +2 cm Mud 
phuska +12 cm Mud Brick) + 2 cm Cement/plaster/ 
mortar +0.5 plaster

U-Value:0.358/m2-K
Mud brick and 

strawbale
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Thermal comfort results

The simulation calculations are based on the number of discomfort hours due 
to over or under-cooling, as well as unhealthy relative humidity, in accor
dance with ASHRAE 55–2004. As depicted in Figure 12, the Simulation results 
indicated remarkable development in the thermal comfort level bars, where 
the traditional wall of the base case model indicated an average of approxi
mately 142 discomfort hours per year. On the other hand, the application of 
Marmox Thermorock panels in wall 2 resulted in a decrease to 38 discomfort 
hours annually, these results are close to aerogel panels results which were 39 
discomfort hours per year. The implementation of a double wall estimated 63 

Table 5. Energy consumption for all alternative construction wall materials per 
Month.

Wall-1 (Traditional Wall) Wall-2(Marmox Thermo-Rock Boards)

Total Electricity in August:40608.67 kWh Total Electricity in August: 22448.71kWh

Wall-3 (Aerogel panels) Wall-4 (Double Wall)

Total Electricity in August: 23059.88kWh Total Electricity in August: 22756.37kWh

Wall-5 (Singer Clay Block) Wall-6 (Mud Brick strawbales)

Total Electricity in August: 24140.55 kWh Total Electricity in August: 21827.78 kWh
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discomfort hours per year, while the Singer Clay Brick wall recorded an 
average of 50 hours. Conversely, the Mudbrick strawbale wall was only 18  
hours on average per year. Thus, it can be inferred that Mud Brick straw bales, 
as a locally sourced building material option, offer the most favorable out
come regarding comfort hours.

Fanger Predicted Mean Vote (PMV)

The most commonly employed approach to evaluate human thermal comfort 
in a built environment is through the Predicted Mean Vote (PMV) indices, 
which are measured on a scale of -3.0 to + 3.0, where −3 is cold and + 3 is hot 
[45]. A predicted average vote of -0.5 to 0.5 lies in ASHRAE standard 55 
Comfort Zone [46,47] while the Egyptian code approves an average of -1.0 to 
1.0. Walls 2,3 and 6 were analyzed as well as the base case wall, based on the 

Figure 13. Predicted mean vote for the base case wall.

Figure 12. Average discomfort hours for the alternative wall techniques.
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results of energy consumption and discomfort hours. Figure 13 shows that 
the Pmv range results of the base case wall (−1.8 to 1.7), do not fall within the 
comfort range. However, Figures (14–16) demonstrate that the projected 
mean average outcomes for walls 2, 3, and 6 fall within the range of (−1.1 
to 0.7). This analysis confirms that these alternative wall techniques comply 
with the accepted comfort range and demonstrate an overall enhancement.

Figure 16. Predicted mean vote for the Mud clay straw bales wall.

Figure 15. Predicted mean vote for the Aerogel panel Wall.

Figure 14. Predicted mean vote for the Marmox board wall.
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Conclusion and discussion

This study aimed at the optimization of energy consumption and user thermal 
comfort, in a residential building in Egypt, by evaluating the impact of imple
menting different building materials in the south-wall façade, Six construction 
wall material models were simulated using Design Builder, a comparative analy
sis between Local and innovative building materials outcomes to identify the 
case with the optimum performance. The comparative analysis results, As shown 
in Figure 17, indicates that all alternative wall techniques reduced the energy 
consumption compared to the base case, with original construction materials, 
which attained the highest value of energy with 28,871 kWh. Among the alter
native wall materials, Mud Clay straw bales had the best performance with an 
annual energy consumption of 13,021 kWh. Singer Clay and double wall 
recorded 15,127 KWh and 15,693 KWh respectively. In terms of the innovative 
building materials, Marmox and Aerogel panels achieved 15,506 KWh and 15,743 
KWh respectively, This indicates that Marmox walls have nearly similar thermal 
properties to implementing Aerogel insulation Panels with ordinary brick walls.

Regarding thermal comfort which depends on the PMV, Figure 18 illustrates 
the PMV results of the building construction wall alternatives during the summer 
and winter months, All alternative walls were within the comfort range (−1 to + 1) 
unlike the base case results, and the comparison between traditional and inno
vative building materials, showed that the greatest optimization was Marmox 
thermos rock boards, Mud Clay Strawbales walls, and Aerogel brick wall respec
tively. Overall, the PMV was improved over the year, which indicates that user’s 
comfort was attained and this will significantly increase energy efficiency.

Figure 17. Comparison of energy consumption values for all alternative walls, author.
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while for the thermal comfort related to the number of discomfort hours, as 
shown in Figure 19, the base case had the maximum number of discomfort 
hours, recorded in January, June, July, and August months. The model with 
Marmox thermos rock panels, Aerogel panels, Double wall, Singer Clay, and 
finally Mud Clay straw bales had 141, 149,183,165, and 94 overheating hours 
respectively in August, compared to the base case model with 210 overheating 
hours. This indicated that the Marmox thermo rock panels and Aerogel reached 
the highest level of thermal comfort with the least discomfort hours as inno
vative wall materials.

In conclusion, the adaptation of local and innovative building materials 
has led to a significant alteration in discomfort hours demonstrating an 
improvement in thermal comfort. The innovative building insulation materi
als such as aerogel panels decreased energy consumption by approximately 
30% when added to the brick wall, while the Marmox thermal rock wall 
reduced energy consumption by 29%, However, the local materials including 
the double wall, singer clay block, and mud clay straw bales reduced energy 
consumption by average 29%, 32%, and 45% respectively. In general Mud 
clay and strawbales had significant thermal performance throughout the 
study. Simulation results have identified an overall comparative analysis for 
the five alternative building wall materials techniques which include the 
average energy saving, the average discomfort hours, and the PMV of each 
wall, as shown in Table 6.

Finally, the study investigated how different external building materials 
blocks affected the thermal efficiency of the south façade of residential 
buildings. The study indicated that the integration of proposed building 

Figure 18. Comparison of Predicted mean vote for the six-building wall techniques, author.
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materials into the wall construction can improve users’ ‘thermal comfort’ and 
lessen their ‘energy consumption’ thus increasing the building’s thermal 
performance, The simulation results of the base case prototype building, 
referred to a significant amount of thermal transfer from the external walls 
of a conventional bricks wall to the interior spaces, while the proposed 
materials improved its energy efficiency from 29% to 45%, and reduced 
discomfort hours to only 18 hours average per year, in case of employing 
Mud clay Straw bale wall. While the study verified that the Marmox board has 
thermal properties similar to adding aerogel as an insulation layer, Mud clay 
strawbales provided better performance with more availability and econom
ical benefits. These findings are particularly relevant for developing countries 
with limited financial resources that should be given due consideration.

Table 6. Comparative results of the alternative wall cases.

Alternative 
building 
Walls

Marmox 
Wall

Aerogel building 
materials

Double Wall 
building

Singer Clay 
block

Mud Clay 
Strawbales

Average Energy 
Saving Ratio

29% 30% 29% 32% 45%

Average Discomfort 
hours

38 39 63 50 18

PMV −0.09 −0.12 −0.15 −0.21 −0.11

Figure 19. Discomfort hours for the different wall types, author.
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Recommendations

Overall, the study highlighted the importance of selecting appropriate build
ing wall materials to decrease energy consumption and increase resident’s 
comfort in their units. The study suggested that Mud Clay straw bales brick 
wall is a promising option for achieving significant energy savings in hot 
climates. However, more investigations are needed to explore their durability 
long-term performance, and feasibility. Moreover, the following recommen
dations were obtained:

● Priority should be given to integrating energy efficiency considerations 
and measures into the design process of residential buildings.

● When choosing envelope materials, thermal insulation building 
wall materials should be considered to maximize building thermal 
performance and minimize energy use, thereby reducing opera
tional costs.

● Distinguishing between local and innovative materials in buildings’ 
external walls selection involves considering factors such as sourcing, 
affordability, availability, sustainability, cultural context, performance 
characteristics, and cost considerations.

● Countries with low-middle income in hot arid climates need to integrate 
sustainable and cost-effective construction energy strategies that are 
suitable and affordable within the local context.

● This study only focuses on the solid parts of the external walls. Further 
research can address the materials used for openings and transparent 
parts of the façade.

● Future research is needed to explore cost factors and their impact on 
overall feasibility and material life cycle.

● By considering both thermal performance and cost factors, future stu
dies can provide a more comprehensive understanding of the overall 
benefits and limitations of different wall techniques.
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